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Preface

Since many decades Education Science and Technology has an achieved tremendous 
recognition and has been applied to variety of disciplines, mainly Curriculum development, 
methodology to develop e-learning systems and education management. Many efforts have 
been taken to improve knowledge of students, researchers, educationists in the field of 
computer science and engineering. Still many problems to increase their knowledge on daily 
basis so this book provides newly innovations and ideas in the field of computer science and 
engineering to face the new challenges  of current and future centuries. 

This book is consisting of 27 chapters which are focusing on the basic and applied research 
in the various fields of computer science and Engineering. Authors made efforts to provide 
theoretical as well as practical approaches to solve open problems through their elite research 
work. This book provides knowledge in the following topics such as information technology 
in education, policies for education for different regions in the world, new challenges to adapt 
advanced technology in education, conducting research in different levels of students’ area, 
case studies regarding academic and professional development of many countries.  Also 
provide valuable information which can build student confidence to get rid of manual work 
to use e-learning based systems in their studies.

Basically this book open platform for creative discussion for future and current technologies to 
adapt new challenges in education sector at different levels which are essential to understand 
for the students, researchers, academic personals and industry related people to enhance 
their capabilities to capture new ideas and provides valuable contribution to an international 
community. 

The editor and authors of this book hope that this book will provide valuable platform for 
the new researchers, students and academicians who are interested to develop policies for 
adapting technology education in various fields of education science. Finally we are thankful 
to I-Tech Education and publishing organization which provides the best platform to integrate 
researchers of whole world though this published book.

Editor

Dr. Safeeullah Soomro
Yanbu University College,

Kingdom of Saudi Arabia
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1. Introductory Note

Entrepreneurship is a crucial element for each country that aims to be competitive and 
developed within knowledge-based world economy. In “Green Paper on Entrepreneurship 
in Europe” (2003) European Commission defines entrepreneurship as “the mindset and
process to create and develop economic activity by blending risk-taking, creativity and/or 
innovation with sound management, within a new or an existing organisation”. 
Extant literature on entrepreneurship concludes by the thesis that entrepreneurs can be 
made (Gorman et al, 1997, Henry et al, 2005). Taking the words of Drucker (1985) “It’s not
magic, it’s not mysterious, and it has nothing to do with the genes. It’s a discipline. And, like 
any discipline, it can be learned”. In this sense, entrepreneurs can be taught and schools 
have an important role in this process. Following Kuratko (2005), an” entrepreneurial
perspective” can be developed in individuals.
Nowadays Higher Education Institutions have an important role in the improvement of 
entrepreneurship, being part of an entrepreneurial ecosystem with business and
government. The market labor faced many changes in last year’s, the unemployment rates
increased in Europe and the possibility of creation a firm comes as an important way to add 
value to economy and to create jobs. In this environment, universities and colleges must 
provide entrepreneurship education, develop and adapt competencies, skills, disseminate 
knowledge, technology and increase economic development as well as help students to
create new firms and provide the adequate set of training to manage them across their life 
cycle.
Considering the question - How to improve entrepreneurship in higher education? - this 
chapter aims to present an entrepreneurship ecosystem developed in Setúbal Polytechnic
Institute (SPI) Portugal, and discuss some results in an early stage of implementation as well 
as propose future directions and discuss some barriers faced in the implementation of the 
model.  
The literature is particular intense in the analysis of the effectiveness of a particular course 
or initiative and less focused in an integrated approach of how can Higher Education 
Institutions promote entrepreneurship. We propose to study entrepreneurship education as 

1
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a whole, considering an entrepreneurship ecosystem whose consider three dimensions: 
curricular entrepreneurship courses; extra-curricular entrepreneurship programs and 
support infrastructures. The first dimension refers to entrepreneurship courses included in 
graduate and postgraduate programs, and pretend to present the methodologies and 
practices applied that supports the “learning by doing” methodology, a crucial method in 
the Bologna Process. The extra-curricular entrepreneurship programs concerns to a set of 
national, international and regional programs that aims to improve entrepreneurship in 
higher education, that involve voluntary students and teachers (e g. European graduate 
program- Junior Achievement, National program of Polytechnic institutions -  
Poliempreende). Finally, the third dimension describes the support infrastructures created 
to progress entrepreneurship in higher schools and in region (e g. Office for Knowledge 
Transfer and Information - OTIC).  
Additionally this research intends to provide an integrated vision of these three dimensions 
and map the linkages with outside community and existent networks that stimulate social 
capital and facilitate the entrepreneurial process. 
The methodology of this research will be a case study applied to SPI, which has five schools: 
the Business School; the Technology Schools of Setúbal, the Technology Schools of Barreiro , 
the Health School and the Education School. In scholar year 2007-2008 SPI had 6371 students 
and 505 teachers. 
We believe that our approach represents a starting point to a better comprehension of 
entrepreneurship ecosystem in Higher Education Institutions that grants economic 
development. Furthermore, the results of these analyses supported in a case study provide a 
better understanding the role of institutions of higher education in promoting an integrated 
approach of entrepreneurship. 

 
2. PART I – An Approach to Entrepreneurship in Higher Education 
 

Nowadays, entrepreneurship becomes a buzzword present in all contexts, from politicians 
to media and from academia do business people. Despite fashionable trend, we cannot 
ignore the relevance of entrepreneurship for economic development, including economic 
growth job creation, innovation (Acs and Armigton, 2003; Autio et al, 2007; Carree and 
Thurik, 1998) as well as for social inclusion, allowing marginal groups to become active 
economic actors and promoting equal opportunities for women (Volkmann et al, 2009). 
The relationship of entrepreneurship and economic development it is complex and implies 
strong and diverse connections and linkages across several institutional players (Bosma et 
al, 2009). In this vein, the promotion of entrepreneurship demands an entrepreneurial 
ecosystem where Higher Education Institutions (HEI) plays a crucial position in 
collaboration with other stakeholders, namely governments (central and local), business 
associations, entrepreneurs, NGO, service providers, financial institutions, incubators, and 
several others. 
Entrepreneurship education only recently got some attention from scientific community, 
and is far from maturity, despite a large number of initiatives, experiences and curricular 
courses and programmes developed in last decades across the world (Charney and Libecap, 
2000; Li and Matlay, 2005; Solomon at al, 2002; Solomon, 2005). 
From HEI is expected the development of entrepreneurial capabilities as well as the creation 
of entrepreneurial mindset in their students, allow them to create and to explore 

opportunities in private firms or in public or nongovernmental organizations (EC, 2008; 
Volkmann et al, 2009). Additionally, HEI can provide a set of competences, such as technical 
skills, business management skills and personal entrepreneurial skills (Hisrich and Peters, 
1998). Moreover, in a knowledge economy, where innovation plays a central role, the R&D 
developed in HEI can create disruptive technologies and innovative ideas, contributing for 
more new firms, especially gazelle ventures acting in a global international basis. 
Some studies appoint several perceptions of role of HEI to promote entrepreneurship. A 
study developed by Carter and Collison (1999) refers to retrospective perceptions of alumni 
towards the general provision of entrepreneurship education in Higher Education 
Institutions. The results of this study reveal an interest among alumni in entrepreneurial 
activities. However some constraints are pointed namely the lack of both finance and 
experience when setting up a business, conclusions shared by Linan (2008) that add the lack 
of self-confidence from students as an important barrier to not start a firm. The results also 
pointed to a need of a more practical grounding for graduates, specifically citing financial 
management and business communications skills as key elements missing from the 
undergraduate curriculum. There was an agreement that HEIs have an essential role to play 
in providing alumni with both formal post-qualification training and social support 
networks to promote entrepreneurial activity.  
In a more strategic analysis, one can say that are some characteristics showed by 
entrepreneurial universities, anchored in a cross disciplinary and cross campus initiatives 
allow that all students can apply for them (Volkmann et al, 2009). Besides a widespread 
application, top management engagement in these issues, providing a clear vision and 
institutional support can contribute for the implementation of a entrepreneurship strategy, 
where the development of external linkages with entrepreneurs and other organizations 
should be present (Clark, 1998). The vision have also to, incorporate a market orientation, 
where scientific and technological capabilities developed by academics and students should 
be commercialized in the market through new firms, patents, licenses or other contractual 
arrangements (Bok, 2003). 
Figure 1 resumes the characteristics of an entrepreneurial Higher education institution. 
 

 
Source: Volkmann et al, 2009, adapted  
Fig. 1. Characteristics of an Entrepreneurial Higher Education Institution 
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Despite these features, Schramm (2006) claims from more work in the field, recognising that 
further efforts should be developed. 
Research recognises that courses or programmes in entrepreneurship can enhance 
participant intentions’ to start a business as well us to develop entrepreneurial capabilities 
or to create more innovative or profitable ventures (Brown, 1990, Dominguinhos  and 
Carvalho, 2009; Henry et all, 2005; Reynolds, 1997), showing the significance of 
entrepreneurship education. 
Entrepreneurship education has evolved in waves (Volkmann et al, 2009). If in the 
beginning it was associated with management courses, gradually got his space, “to generate 
more quickly a greater variety of different ideas for how to exploit a business opportunity, 
and the ability to project a more extensive sequence of actions for entering business” (Vesper 
and McMullan, 1998:18). In pedagogical issues, several methodologies such as lectures were 
gradually replaced by application of active methodologies (Bell, 2008; Fayolle et al, 2006; 
Heinonen and Poikkijoki 2006; Peterman and Kennedy, 2003), such as problem base 
learning, project development, entrepreneur for a day, business drinks, simulations and 
other similar, allowing students to develop their potential by assuming more responsibilities 
in learning process. 
We can argue that a more open policy towards community’s involvement becomes crucial, 
bring entrepreneurs to the classroom to talk about their experiences, contact with local 
entrepreneurs, company visits, involve local business organizations in curricula’s design, 
offer workshops and seminars, invite business angels and risk capitalists.  
The successful of this strategy depends on teachers competences in the area as well as in 
their research work in the field of entrepreneurship (EC, 2003) allowing the development of 
an adequate curricula (Volkmann et al., 2009). 

 
3. PART II – Ecosystem in higher education 
 

3.1 The Methodology  
In this section it is our intention to characterize the methodological approach and tools used 
in this research, present the mains and specific goals and the propositions of the study. 
This empirical research applies the case study methodology. According with Bell (1997), this 
methodology allows the researcher to focus in one case or specific situation and allows the 
identification of the interactive processes involved. Yin (1994) considers that the case study 
method is most appropriate for the investigation that search questions such as "how" and 
"why" about a contemporary phenomena about which the researcher has little or no control. 
Regarding the main sources of evidence referred to by (Yin, 1994) - documents, interviews, 
archived data, direct observations, participant observations and physical artefacts, it has 
used, the analysis of documents, direct interviews and direct observations. This multiple 
sources of evidence are used in order to allow the triangulation. 
Lakatos and Marconi (2001) describe interviews as conversations, whose purpose is to 
provide the necessary information to the researcher. With an interactive nature, this 
technique allows researchers to study complex subjects that could hardly be investigated in 
depth by means of questionnaires (Mazzotti and Gewandsznajder, 1993). Yin (1994) refers 
the importance of the use of interviews and according to this author it represents an 
important source of evidence for case studies. 

Following this line, semi-structured interviews were carried out with Junior Achievement 
(one of the institutions responsible for extra-curricular entrepreneurship programs), and the 
responsible for OTIC. The interviews took place during March and April of 2008, and last 
for sixty to ninety minutes.  
Also the student’s involvement was quite important because it allowed significant 
contributions. Through focus groups it was possible to explore how points of view are 
constructed as well as how they are expressed (Kitzinger and Barbour, 1999). 

 
3.2 How to improve entrepreneurship in higher education? 
Considering the main question “How to improve entrepreneurship in higher education?”, 
this section presents a case study applied  Setúbal Polytechnic Institute – Portugal. We 
propose to study entrepreneurship education as a whole, considering an entrepreneurship 
ecosystem whose consider tree dimensions:  
 Curricular entrepreneurship subjects; 
 Extra-curricular entrepreneurship programs; 
 Support infrastructures. 

 
3.2.1 Curricular entrepreneurship subjects 
The Polytechnic Institute of Setúbal (SPI) was created in 1979. Since the beginning these 
institutions intend to encourage both professional expertise and scientific knowledge. SPI 
comprises five Colleges covering such areas as Engineering, Technology, Education, Sports, 
Art, Communication, Business Administration and Health Care. Our college, BS (Business 
School) is one of the schools of Public Higher Education of the SPI, and today 
undergraduate, Masters, Post-Graduation, Courses and Technological Specialization in 
science business.  
Created in 1994, with about 2000 students, BS has a significant size and is well recognized 
by businesses and other organizations. The school aims to train professionals in business 
areas, with a flexible and dynamic attitude. Strategically BS is focused on a differentiation 
based on: 
 Satisfaction and employability of graduates - more than 90% of students in BS find 
employment in less than a year after they complete a degree; 
 Linkages to business context – students engage in a compulsory internship for 
completion of the degree; teacher promote open classes and guest lectures by entrepreneurs 
and business people; , visits to companies and organization are common; case study 
methodology are often used in classes, business consultancy and training are offered to 
firms; 
 Pragmatic education - in BS classes are dynamic, pragmatic and oriented towards real 
business and organizational situations; 
 Accessibility of teachers – the relationship between teachers and students is 
characterized by an open door policy; 
 Conditions for study - BS 's facilities are modern; 
 Innovative practices - the use of simulation and technological resources, organization of 
business hours, language laboratories, workshops, personal development, among other 
practices are common in BS. 
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Entrepreneurship is one of the foundation stones of business education in BS. There are 
important reasons that justify this importance. 
The first of all is that entrepreneurship is an important issue for world economy. 
Another important reason is related with the change of the social contract between 
companies and their employees. In the past companies offered long-term security in return 
for loyalty, however from the 1980s, first in America and then in other advanced economies, 
the companies began downsizing their workforces. This made a huge difference to people’s 
experience at the workplace. In the 1960s workers had had an average of four different 
employers by the time they reached 65. Today they have had eight by the time they are 30. 
Consequently people’s attitudes to security and risk also changed. If a job in an organisation 
can so easily disappear, it seems less attractive and the creation of its own job can be an 
attractive option. In this context SPI tried to promote entrepreneurship education and in 
2006 reformulate the curricula of Entrepreneurship, after 8 years course on New Business 
Creation. Besides the name, the methodology was radically changed, to fit Bologna process 
and to accommodate the recommendations of the scientific publications in the field of 
entrepreneurship education. In this vein, learning by doing approach was adopted, 
anchored in the development of a set competences connected to more entrepreneurial 
behaviours.  
The new Entrepreneurship course starts, in 2006 at Technology School of Barreiro (TSB), in 
2007 at BS and in 2008 at Education School (ES). The Entrepreneurship subject is elective for 
Accountancy and Financing, Human Resources Management, Information Systems 
Management, Engineering and Conservation and Rehabilitation, and is a compulsory course 
for Marketing, Logistics and Retailing Management, Construction Management, Cultural 
Animation, Social Communication and Sports and Recreation. In total, per year, there are 
about 500 students engaging Entrepreneurship classes. 
Entrepreneurships subject is supported in the methodology “leaning by doing”, particularly 
at practical classes. The theoretical classes adopted the expositive method combine with the 
organization of open classes and conferences. The methodology “leaning by doing”, allow 
students to reach entrepreneurial competences through group dynamics and team 
experiences (table 1). 
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According with Dominguinhos et al (2008: 9), the results of the evaluation of the 
methodological model applied at Entrepreneurship classes justify the importance of this 
kind of learning, which allows a more efficient apprenticeship when compared with others 
traditional teaching methods. These results revealed that:  
1) “The activities in classroom, based on active pedagogical methodologies, contribute to 
satisfactory results concerning entrepreneurship learning and student’s satisfaction. 
2) Other similar extra class activities also contribute to entrepreneurship learning and student’s 
satisfaction. 
3) The methodology used – learning by doing – is, in students’ perspective, easy and friendly. 
4) The activities developed and resources available were considered by students adequate to the 
methodology applied. 
5) Students express satisfaction with evaluation system, confirming that the curricula unit 
evaluation was well accepted by the students, except concerning with satisfaction and difficulties 
involved with guest events invitation and activities planning. This exception proves that students 
need to improve their competencies related with communication, autonomy and self-confidence in 
their relations with external environment, including stakeholders“.  

 
3.2.2 Extra-curricular entrepreneurship programs 
In addition to curriculum entrepreneurship subjects, SPI propose entrepreneurship 
extracurricular programs whose students could participate voluntarily.  In this section we 
present two entrepreneurship voluntary programs: 
a. Junior Achievement, European Graduate Program  
b. Poliempreende, Polytechnics Institutes National Program 
JA Worldwide is the world’s largest organization dedicated to educating students about 
workforce readiness, entrepreneurship and financial literacy through experiential, hands-on 
programs. Junior Achievement programs help prepares young people for the real world by 
showing them how to generate wealth and effectively manage it, how to create jobs which 
make their communities more robust, and how to apply entrepreneurial thinking to the 
workplace. Students put these lessons into action and learn the value of contributing to their 
communities. JA’s allows volunteers from the community to deliver our curriculum while 
sharing their experiences with students. Embodying the heart of JA, the about 384,925 
classroom volunteers transform the key concepts of the lessons into a message that inspires 
and empowers students to believe in themselves, showing them they can make a difference 
in the world. 
JA has different entrepreneurship programs according the age and degree of education: 
elementary school programs, middle grades programs, high school programs and other 
particular events and specific programs. 
With a range of different programs, Junior Achievement teaches about concepts relating to 
entrepreneurship, financial literacy, and work readiness. The volunteers bring real-life 
business experience and guidance into the classroom at a time that represents an essential 
crossroads for young people. In this chapter we will focus in Junior Achievement's high 
school programs help students make informed, intelligent decisions about their future, and 
foster skills that will be highly useful in the business world. JA Graduate Program analyzes 
and explores personal opportunities and responsibilities within a student-led company and 
is accompanied by a tutor. In Portuguese case the tutors are a senior manager from a 
Portuguese private Bank (Millenium BCP). The group develop a set of concepts in the 

program (Business, Choices, Competition, Division of labor, Entrepreneurship, Expenses, 
Fixed Costs, Goods, Incentive, Income, Liquidation, Management, Marketing, Parliamentary 
procedure, Price, Productivity, Profit, Production, Research and development, Services, 
Stock, Variable costs) and develop  several skills (Assembling products, Consensus-
building, Critical thinking, Estimating, Filling out forms, Interpreting data, Math 
computation, Negotiating, Presenting reports, Problem-solving, Public speaking, Research, 
Selling, Teamwork). SPI participate in JA Post-Graduate Program with two students groups 
from ESCE and TS (Technology School) whose propose to create a company and participate 
in national competition. 
Poliempreende, Polytechnics Institutes National Program is another extracurricular 
program to promote entrepreneurship. This program is a national contest applied only to 
polytechnic institutions and aims improve an entrepreneurial culture and develop student’s 
entrepreneurial skills and promote the creation of innovative firms in each region with 
positive impacts in local development. This project favors the participation of students with 
ideas supported in knowledge from different scientific areas and schools in order to 
mobilize different skills work in multidisciplinary teams and facilitate technology transfer. 
Poliempreende considers two training cycles: Workshops E1 and E2. These workshops occur 
during academic year and include: an ideas competition and a business plan competition.  
The workshop E1 highlights hands on methodology and try to develop new attitudes, 
initiative, decision making, uncertainly management capability, negotiation techniques and 
communication skills. The workshop E2 aims the development of several personal 
competencies (leadership, communication, and valorization of team work, ethics and 
organizational culture) and the development of an entrepreneurial project supported in a 
Business Plan. 
The Business Plan evaluation is made in two steps. Firstly the competitors are evaluated by 
a regional jury in each Polytechnic Institute. The three best business plans won a prize and 
the best team jump to a national competition. The second step consists in national 
competition whose includes national prizes and special support to set up a new firm.  

 
3.2.3 Support infrastructures 
Finally the third dimension describes the support infrastructures created to foster 
entrepreneurship in higher schools and in region (e g. Office of Knowledge transfer and 
information –OTIC; and ACTIVLAB).  
OTIC stimulates and promotes the transfer of ideas and innovative concepts from research 
developed in colleges to firms. Additionally, acts as a forum to match business needs with 
solutions provided in the SPI. In this sense, the establishment of strong ties with business 
organizations becomes the main strategic goal of OTIC.  
OTIC aims to promote the enrichment of scientific portfolio SPI in conjunction with the real 
needs of businesses in the region, based on a rigorous exploration of the market and 
building an environment of cooperation and trust through transfer of technology and 
knowledge in joint projects. The main objectives of the OTIC are:  
 Identify results that transfer, generated by groups of research or product of 
research alone;  
 Detection of unmet needs in the business environment and its transformation into 
innovative projects;  
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make their communities more robust, and how to apply entrepreneurial thinking to the 
workplace. Students put these lessons into action and learn the value of contributing to their 
communities. JA’s allows volunteers from the community to deliver our curriculum while 
sharing their experiences with students. Embodying the heart of JA, the about 384,925 
classroom volunteers transform the key concepts of the lessons into a message that inspires 
and empowers students to believe in themselves, showing them they can make a difference 
in the world. 
JA has different entrepreneurship programs according the age and degree of education: 
elementary school programs, middle grades programs, high school programs and other 
particular events and specific programs. 
With a range of different programs, Junior Achievement teaches about concepts relating to 
entrepreneurship, financial literacy, and work readiness. The volunteers bring real-life 
business experience and guidance into the classroom at a time that represents an essential 
crossroads for young people. In this chapter we will focus in Junior Achievement's high 
school programs help students make informed, intelligent decisions about their future, and 
foster skills that will be highly useful in the business world. JA Graduate Program analyzes 
and explores personal opportunities and responsibilities within a student-led company and 
is accompanied by a tutor. In Portuguese case the tutors are a senior manager from a 
Portuguese private Bank (Millenium BCP). The group develop a set of concepts in the 

program (Business, Choices, Competition, Division of labor, Entrepreneurship, Expenses, 
Fixed Costs, Goods, Incentive, Income, Liquidation, Management, Marketing, Parliamentary 
procedure, Price, Productivity, Profit, Production, Research and development, Services, 
Stock, Variable costs) and develop  several skills (Assembling products, Consensus-
building, Critical thinking, Estimating, Filling out forms, Interpreting data, Math 
computation, Negotiating, Presenting reports, Problem-solving, Public speaking, Research, 
Selling, Teamwork). SPI participate in JA Post-Graduate Program with two students groups 
from ESCE and TS (Technology School) whose propose to create a company and participate 
in national competition. 
Poliempreende, Polytechnics Institutes National Program is another extracurricular 
program to promote entrepreneurship. This program is a national contest applied only to 
polytechnic institutions and aims improve an entrepreneurial culture and develop student’s 
entrepreneurial skills and promote the creation of innovative firms in each region with 
positive impacts in local development. This project favors the participation of students with 
ideas supported in knowledge from different scientific areas and schools in order to 
mobilize different skills work in multidisciplinary teams and facilitate technology transfer. 
Poliempreende considers two training cycles: Workshops E1 and E2. These workshops occur 
during academic year and include: an ideas competition and a business plan competition.  
The workshop E1 highlights hands on methodology and try to develop new attitudes, 
initiative, decision making, uncertainly management capability, negotiation techniques and 
communication skills. The workshop E2 aims the development of several personal 
competencies (leadership, communication, and valorization of team work, ethics and 
organizational culture) and the development of an entrepreneurial project supported in a 
Business Plan. 
The Business Plan evaluation is made in two steps. Firstly the competitors are evaluated by 
a regional jury in each Polytechnic Institute. The three best business plans won a prize and 
the best team jump to a national competition. The second step consists in national 
competition whose includes national prizes and special support to set up a new firm.  

 
3.2.3 Support infrastructures 
Finally the third dimension describes the support infrastructures created to foster 
entrepreneurship in higher schools and in region (e g. Office of Knowledge transfer and 
information –OTIC; and ACTIVLAB).  
OTIC stimulates and promotes the transfer of ideas and innovative concepts from research 
developed in colleges to firms. Additionally, acts as a forum to match business needs with 
solutions provided in the SPI. In this sense, the establishment of strong ties with business 
organizations becomes the main strategic goal of OTIC.  
OTIC aims to promote the enrichment of scientific portfolio SPI in conjunction with the real 
needs of businesses in the region, based on a rigorous exploration of the market and 
building an environment of cooperation and trust through transfer of technology and 
knowledge in joint projects. The main objectives of the OTIC are:  
 Identify results that transfer, generated by groups of research or product of 
research alone;  
 Detection of unmet needs in the business environment and its transformation into 
innovative projects;  
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 Promote the establishment of multidisciplinary teams Polytechnic Enterprise, for 
the resolution of specific problems of companies; 
 Providing an environment of cooperation between the Polytechnic Institute, 
businesses and other organizations in the region;  
 Promoting entrepreneurship and supporting the processes of business creation. 
OTIC promotes:  
1) Scientific and technical support to small and medium sized companies based in the 
region of Setúbal;  
2) Development of R&D projects and activities of technology transfer in partnership 
with business;  
3) Training activities for companies in the region;  
4) Cycle of events devoted to technology transfer and international cooperation 
(workshops, conferences and meetings) as well as those dedicated to promote an 
entrepreneurial culture. 
In 2008 was created a laboratory for entrepreneurship – ACTIVLAB. The main purpose of 
the infrastructure is to allow entrepreneurs to test their ideas and give some logistical 
support in first six months of new ventures.  
It is an open space, for 8 different firms that offer, totally free, a personal computer, fax, and 
telephone, access to internet and to library and data bases. Additionally, teachers offer 
consultancy to young entrepreneurs in management and technical areas. 
ACTIVLAB works in close cooperation with OTIC, and entrepreneurs can benefit from their 
formal and informal contacts. 

 
3.3 The Entrepreneurial Ecosystem 
Wikipedia defines natural ecosystem as a completely independent unit of interdependence 
organisms which share the same habitats. Applying this concept to social sciences, an 
entrepreneurial ecosystem includes a set of tangible and intangible resources and actors 
characterized by an interdependence relationship that creates important synergies.  

 
3.3.1 Results and Barriers 
This section highlights the main results and barriers found in the implementation and 
development of the entrepreneurial ecosystem. The figure bellow resumes activities and 
infrastructures existing in SPI to promote entrepreneurship. 
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Fig. 3. Activities and Infrastructure to Promote Entrepreneurship in SPI 
 
These activities are performed internally but also with the establishment of linkages to 
external organizations across entrepreneurial process. In the figure above, activities and 
initiatives delivered by SPI are considered as well as the infrastructure to support those 
activities across entrepreneurial process.  First stage concerns opportunities and new ideas. 
A set of activities are developed  in entrepreneurship regular courses and in others short 
training courses and  in R&D projects, where new technologies are created.  ACTIVLAB 
becomes the natural place for those ideas grow up and become more mature, after studying 
the market.   
The second stage is where entrepreneurs test the business idea or technological concept 
before set up the new venture.  In this phase, entrepreneurial team prepare the business 
plan to get money from investors. Our experience shows that the vast majority of students’ 
stops here and few start a new venture. 
In third stage, namely going to the market, entrepreneurs got the support of ACTIVLAB, 
particularly logistical facilities, and from OTIC, in soft skills.   
Finally, in fourth stage, SPI provide some consultancy and training courses, as well as the 
development of joint R&D projects. 
Concerning the results OTIC achieved some important indicators that are presented in table 
3.  
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Indicator Number 

Number of R&D projects driven by OTIC 4 
Number  of products / services created / supported by OTIC 6 

Number of partnerships established with OTIC 20 

Number of business created with OTIC support 
Number of business in development of business plan 
Number. of business in idea maturity and development 

4 
3 
4 

Total number  of participants in training programs 
Average number of participants in training programs 

166 
28 

Total number of participants in events 388 

Average number of  participants in events 65 
Source: Designed by the authors 
Table 3. Result Indicators from OTIC 
 
Concerning ACTIVLAB, three projects were installed in its facilities. One entrepreneur, that 
won the first place in the regional completion of ideas, is testing a project in the area of 
alternative energies. Another, a firm created with strong support from OTIC, runs a 
business in information technologies. The third one, from the competition promoted by 
Junior Achievement, is trying to set up a consultancy firm. 
The set of programmes and infrastructures described allows SPI to create a more 
entrepreneurial culture in last three years.  
These statement is supported by some results from a national survey aplyed to students 
from Higher Education Institutions, public and private, as wells from universitiy and 
polytechnics. Three main indicators were measured: % of students who created a firm; % of 
students who created a firm or are doing some steps to do it; and % of student who said that 
will create a firm in the future. The data is shown in Figure 4 
Globally, students from private and polytechcs reveal a higher propension to create firms. In 
the case of SPI, the percentage of students that create a firm is almost twice the average. If 
we consider those who taken some steps toward this goal, in SPI the percentage is 19,1% 
against 11,6% in national terms. But when we consider entrepreneurial intentions, the resuks 
are quite the same in SPI as in national average.  

 

Create a firm Create a firm or took some steps Entreprenurship intents

12,8 %

19,1 %

36,2 %

6,5 %

11,6 %

35,0 %

SPI Mean of all HEI  in Portugal
 

Source: Teixeira and Davey, 2008 
Fig. 4. Entrepreneurship indicators among portuguese higher education students 
 
One can say that the entrepreneurial ecosystem is still in its infancy in Portugal (Redford, 
2009), ans SPI it is not an exception. One can speculate that having the support 
infrastructure allows SPI to transform more ideas in firms. 
In SPI, two different types of events have contributed for the development of 
entrepreneurial ecosystem. In one hand, scientifically and pedagoghicaly, entrepreneurship 
has been boosted by some local champions, above all teachers, based in their PhD 
programmes. They were able to change the goals and methodologies of the courses to create 
a more student oriented approach, based in the results of scientific research. This focussed 
approach, based in Business School and in a small group of teachers, was complemented by 
a transversal project (OTIC), with strong support from top management, applied to all 
schools. At the time, in engineering, education and health schools entrepreneurship was 
seen as an unfamiliar subject, and now more and more degrees have, at least, an course on 
entrepreneurship.  
In last two years the investment was carried out to create a more entrepreneruial culture 
across schools, specially Deans and Scientific Boards, teachers and students. And, despite all 
initiaves taken in classes and by OTIC, to interact with outside community, activites are 
specially executed by SPI, internally, with a mix of theoretical and pratical classes, 
supported in infrastructures to promote business creation and connections to external 
support organizations.  
In next figure, we summarize  activities taken by SPI, based in a framework proposed by 
Engles et al (2008). 
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2009), ans SPI it is not an exception. One can speculate that having the support 
infrastructure allows SPI to transform more ideas in firms. 
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has been boosted by some local champions, above all teachers, based in their PhD 
programmes. They were able to change the goals and methodologies of the courses to create 
a more student oriented approach, based in the results of scientific research. This focussed 
approach, based in Business School and in a small group of teachers, was complemented by 
a transversal project (OTIC), with strong support from top management, applied to all 
schools. At the time, in engineering, education and health schools entrepreneurship was 
seen as an unfamiliar subject, and now more and more degrees have, at least, an course on 
entrepreneurship.  
In last two years the investment was carried out to create a more entrepreneruial culture 
across schools, specially Deans and Scientific Boards, teachers and students. And, despite all 
initiaves taken in classes and by OTIC, to interact with outside community, activites are 
specially executed by SPI, internally, with a mix of theoretical and pratical classes, 
supported in infrastructures to promote business creation and connections to external 
support organizations.  
In next figure, we summarize  activities taken by SPI, based in a framework proposed by 
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New	Achievements	in	Technology,	Education	and	Development12

Indicator Number 

Number of R&D projects driven by OTIC 4 
Number  of products / services created / supported by OTIC 6 

Number of partnerships established with OTIC 20 

Number of business created with OTIC support 
Number of business in development of business plan 
Number. of business in idea maturity and development 

4 
3 
4 

Total number  of participants in training programs 
Average number of participants in training programs 

166 
28 

Total number of participants in events 388 

Average number of  participants in events 65 
Source: Designed by the authors 
Table 3. Result Indicators from OTIC 
 
Concerning ACTIVLAB, three projects were installed in its facilities. One entrepreneur, that 
won the first place in the regional completion of ideas, is testing a project in the area of 
alternative energies. Another, a firm created with strong support from OTIC, runs a 
business in information technologies. The third one, from the competition promoted by 
Junior Achievement, is trying to set up a consultancy firm. 
The set of programmes and infrastructures described allows SPI to create a more 
entrepreneurial culture in last three years.  
These statement is supported by some results from a national survey aplyed to students 
from Higher Education Institutions, public and private, as wells from universitiy and 
polytechnics. Three main indicators were measured: % of students who created a firm; % of 
students who created a firm or are doing some steps to do it; and % of student who said that 
will create a firm in the future. The data is shown in Figure 4 
Globally, students from private and polytechcs reveal a higher propension to create firms. In 
the case of SPI, the percentage of students that create a firm is almost twice the average. If 
we consider those who taken some steps toward this goal, in SPI the percentage is 19,1% 
against 11,6% in national terms. But when we consider entrepreneurial intentions, the resuks 
are quite the same in SPI as in national average.  

 

Create a firm Create a firm or took some steps Entreprenurship intents

12,8 %

19,1 %

36,2 %

6,5 %

11,6 %

35,0 %

SPI Mean of all HEI  in Portugal
 

Source: Teixeira and Davey, 2008 
Fig. 4. Entrepreneurship indicators among portuguese higher education students 
 
One can say that the entrepreneurial ecosystem is still in its infancy in Portugal (Redford, 
2009), ans SPI it is not an exception. One can speculate that having the support 
infrastructure allows SPI to transform more ideas in firms. 
In SPI, two different types of events have contributed for the development of 
entrepreneurial ecosystem. In one hand, scientifically and pedagoghicaly, entrepreneurship 
has been boosted by some local champions, above all teachers, based in their PhD 
programmes. They were able to change the goals and methodologies of the courses to create 
a more student oriented approach, based in the results of scientific research. This focussed 
approach, based in Business School and in a small group of teachers, was complemented by 
a transversal project (OTIC), with strong support from top management, applied to all 
schools. At the time, in engineering, education and health schools entrepreneurship was 
seen as an unfamiliar subject, and now more and more degrees have, at least, an course on 
entrepreneurship.  
In last two years the investment was carried out to create a more entrepreneruial culture 
across schools, specially Deans and Scientific Boards, teachers and students. And, despite all 
initiaves taken in classes and by OTIC, to interact with outside community, activites are 
specially executed by SPI, internally, with a mix of theoretical and pratical classes, 
supported in infrastructures to promote business creation and connections to external 
support organizations.  
In next figure, we summarize  activities taken by SPI, based in a framework proposed by 
Engles et al (2008). 

Creating	an	entrepreneurship	ecosystem	in	higher	education 13

Indicator Number 

Number of R&D projects driven by OTIC 4 
Number  of products / services created / supported by OTIC 6 

Number of partnerships established with OTIC 20 

Number of business created with OTIC support 
Number of business in development of business plan 
Number. of business in idea maturity and development 

4 
3 
4 

Total number  of participants in training programs 
Average number of participants in training programs 

166 
28 

Total number of participants in events 388 

Average number of  participants in events 65 
Source: Designed by the authors 
Table 3. Result Indicators from OTIC 
 
Concerning ACTIVLAB, three projects were installed in its facilities. One entrepreneur, that 
won the first place in the regional completion of ideas, is testing a project in the area of 
alternative energies. Another, a firm created with strong support from OTIC, runs a 
business in information technologies. The third one, from the competition promoted by 
Junior Achievement, is trying to set up a consultancy firm. 
The set of programmes and infrastructures described allows SPI to create a more 
entrepreneurial culture in last three years.  
These statement is supported by some results from a national survey aplyed to students 
from Higher Education Institutions, public and private, as wells from universitiy and 
polytechnics. Three main indicators were measured: % of students who created a firm; % of 
students who created a firm or are doing some steps to do it; and % of student who said that 
will create a firm in the future. The data is shown in Figure 4 
Globally, students from private and polytechcs reveal a higher propension to create firms. In 
the case of SPI, the percentage of students that create a firm is almost twice the average. If 
we consider those who taken some steps toward this goal, in SPI the percentage is 19,1% 
against 11,6% in national terms. But when we consider entrepreneurial intentions, the resuks 
are quite the same in SPI as in national average.  

 

Create a firm Create a firm or took some steps Entreprenurship intents

12,8 %

19,1 %

36,2 %

6,5 %

11,6 %

35,0 %

SPI Mean of all HEI  in Portugal
 

Source: Teixeira and Davey, 2008 
Fig. 4. Entrepreneurship indicators among portuguese higher education students 
 
One can say that the entrepreneurial ecosystem is still in its infancy in Portugal (Redford, 
2009), ans SPI it is not an exception. One can speculate that having the support 
infrastructure allows SPI to transform more ideas in firms. 
In SPI, two different types of events have contributed for the development of 
entrepreneurial ecosystem. In one hand, scientifically and pedagoghicaly, entrepreneurship 
has been boosted by some local champions, above all teachers, based in their PhD 
programmes. They were able to change the goals and methodologies of the courses to create 
a more student oriented approach, based in the results of scientific research. This focussed 
approach, based in Business School and in a small group of teachers, was complemented by 
a transversal project (OTIC), with strong support from top management, applied to all 
schools. At the time, in engineering, education and health schools entrepreneurship was 
seen as an unfamiliar subject, and now more and more degrees have, at least, an course on 
entrepreneurship.  
In last two years the investment was carried out to create a more entrepreneruial culture 
across schools, specially Deans and Scientific Boards, teachers and students. And, despite all 
initiaves taken in classes and by OTIC, to interact with outside community, activites are 
specially executed by SPI, internally, with a mix of theoretical and pratical classes, 
supported in infrastructures to promote business creation and connections to external 
support organizations.  
In next figure, we summarize  activities taken by SPI, based in a framework proposed by 
Engles et al (2008). 



New	Achievements	in	Technology,	Education	and	Development14

 

 
Source: Engles et al (2008), adapted 
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Despite this investment, there are some barriers faced when trying to implement an overall 
strategy to promote entrepreneurship in SPI. First of all, students, teachers and executive 
boards reveal a cultural resistance. Studies show that in Portugal, people show lower 
entrepreneurial intentions and cultural attitudes that not favor entrepreneurship (GEM, 
2004, 2008; Eurobarometer, 2003). In this sense, it is not easy to convince students to apply to 
entrepreneurship courses, especially when they are pushed, by family and society, to get a 
job after the degree. For teachers, there are no real incentives to become an entrepreneur. For 
a full time professor, it is forbidden to accumulate a private activity, and patents and 
business activities are not very worth in academic careers. For scientific boards, because 
only a limited number of teachers are working in the area, it is difficult to accept transversal 
courses in all degree. First of all, because a question of power. Secondly, entrepreneurship 
only recently got its scientific legitimacy and most part of teachers is not familiar with the 
subject. Finally, for executive boards, until recently, there were no real incentives to promote 
entrepreneurship, because all external evaluations do not take into consideration the 
number of firms created by students or teachers, or the number of patens registered, but 
concentrate in professional inclusion of young graduates in labor market. 

 

3.3.2 Recommendations and Concluding Remarks  
Three main dimensions deserve a closer attention to reinforce entrepreneurial ecosystem in 
SPI, anticipated in the next figure. 
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Fig. 6. Projected activities in SPI to promote entrepreneurship 
 
First of all, in a more internal perspective, the dissemination of entrepreneurship courses for 
all five colleges and for all degrees. Less than fifty percent of first cycle degrees offer, at 
least, an elective course on entrepreneurship. This is a cultural change and demands a 
strong commitment from Scientific Boards as well as from Executive Boards. We believe that 
this change can occur for two set of reasons. Firstly, in Portugal, a national movement pro 
entrepreneurship start in last year’s. There is several programs devoted to new firms 
creation and to commercialization of R&D. Secondly, internally, the new legal framework 
and structure, with an Academic Council, facilitates the implementation of transversal 
courses in all schools. This movement should be complemented by a Master in 
Entrepreneurship and Innovation, allowing scientific research between teachers and 
students as well as a strong focus in business creation during two years’ degree, reducing 
the percentage of mortality from those who start a business, according with international 
results (Henry et al, 2005). This Master will allow us to work together with management 
students and those come from sciences and technology, where more innovative ideas can e 
developed.  
A second area is refers to the creation a research centre devoted to entrepreneurship. This 
research centre should act in different areas. First, to reinforce academic research and field 
work, promoting academic legitimacy. At the same time, it is a laboratory for joint projects 
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with external organizations, an area that deserves closer attention and need to be 
emphasizing in SPI. 
Thirdly, there is a need for more involvement of students and outside organizations as well 
as entrepreneurs and business organizations. The creation of a Club of Entrepreneurs could 
overcome this weakness. Such infrastructure can promote workshops and seminars, 
counseling and support novice entrepreneurs, provide financial support, such as seed 
capital or money from some business angels, social capital initiatives opening SPI to the 
community. 
Promoting entrepreneurship in SPI shows how complex and difficult it becomes, 
particularly in a society where entrepreneurship education is still in its infancy (Redford, 
2009). If in early stages the role of local champions becomes essential to generate examples 
and to show that it is possible, advanced stages claims for more ground support, especially 
from Executive and Scientific Boards, to spread out all the activities as well as to put some 
money in the development of all kind of activities.  
Additionally, to promote new ventures, Higher Education Institutions need to invest in 
support infraestrutures, such as logistical facilities and specialized consultancy or establish 
strong partnerships with organizations that offer these services. 
Last but not the least it becomes essential a strong focus in scientific research that push HEI 
to create innovative products and technologies with market orientation. 
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with external organizations, an area that deserves closer attention and need to be 
emphasizing in SPI. 
Thirdly, there is a need for more involvement of students and outside organizations as well 
as entrepreneurs and business organizations. The creation of a Club of Entrepreneurs could 
overcome this weakness. Such infrastructure can promote workshops and seminars, 
counseling and support novice entrepreneurs, provide financial support, such as seed 
capital or money from some business angels, social capital initiatives opening SPI to the 
community. 
Promoting entrepreneurship in SPI shows how complex and difficult it becomes, 
particularly in a society where entrepreneurship education is still in its infancy (Redford, 
2009). If in early stages the role of local champions becomes essential to generate examples 
and to show that it is possible, advanced stages claims for more ground support, especially 
from Executive and Scientific Boards, to spread out all the activities as well as to put some 
money in the development of all kind of activities.  
Additionally, to promote new ventures, Higher Education Institutions need to invest in 
support infraestrutures, such as logistical facilities and specialized consultancy or establish 
strong partnerships with organizations that offer these services. 
Last but not the least it becomes essential a strong focus in scientific research that push HEI 
to create innovative products and technologies with market orientation. 
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counseling and support novice entrepreneurs, provide financial support, such as seed 
capital or money from some business angels, social capital initiatives opening SPI to the 
community. 
Promoting entrepreneurship in SPI shows how complex and difficult it becomes, 
particularly in a society where entrepreneurship education is still in its infancy (Redford, 
2009). If in early stages the role of local champions becomes essential to generate examples 
and to show that it is possible, advanced stages claims for more ground support, especially 
from Executive and Scientific Boards, to spread out all the activities as well as to put some 
money in the development of all kind of activities.  
Additionally, to promote new ventures, Higher Education Institutions need to invest in 
support infraestrutures, such as logistical facilities and specialized consultancy or establish 
strong partnerships with organizations that offer these services. 
Last but not the least it becomes essential a strong focus in scientific research that push HEI 
to create innovative products and technologies with market orientation. 
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1. Introduction 
 

Problem resolution in Engineering and Experimental Sciences, as a research-oriented 
teaching methodology, is useful in cognitive-constructivist environments. This technique is 
reported in this chapter to show to the student the major phases of an Algebra course 
applied to typical situations of the syllabus, which have previously been characterized as 
completely open problems. The world today is characterized by rapid change. A number of 
factors necessitate an educational environment, significantly different. The current trend is 
that we are moving towards a learning society, and this involves a displacement towards a 
learner-centred education. There is also a change in the concept of continuing education, 
where the individual needs to be able to handle knowledge, update, select what is 
appropriate for a given context, to understand what has been learned so that it can be 
adapted to new, and rapidly changing, situations. Likewise, the change must be reflected in 
the assessment to the student, which should be focused on 'declarative knowledge' as a 
dominant reference. This paradigm shift should affect other features such as the approach 
of educational activities and teaching materials, which should lead to a variety of 'teaching 
situations' to encourage the student’s compromise (Savin-Baden, 2000). 
 
Any situation can only be conceived as a problem to the extent that there is a recognition of 
it as such a problem, that is, it is unknown, and to the extent that, a priori, we do not have 
the solution: a situation for which there is no obvious solution. But, it is desirable that 
students learn to solve problems raised at the university level, starting from open, and of 
interest, statements which include aspects from Science, Technology and Society fields. Solving 
a problem is to find a path where there previously was not a known one, finding a way to a 
difficult situation, to overcome an obstacle, to achieve a goal that could not initially be 
reached. This technique is proposed to be applied to address an opened-statement problem, 
which will be the definition of the course project, each student has to raise in a course of 
Linear Algebra with competences in an Industrial Electronics Technical Engineering degree, 
where the aim is to consider the student’s meaningful learning. We analyze the possibilities 
of a course project based on the PBL methodology for teaching problem solving (Barrows, 
2006): its strengths and its weaknesses are emphasized. In other words, we conceive the 
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appropriate for a given context, to understand what has been learned so that it can be 
adapted to new, and rapidly changing, situations. Likewise, the change must be reflected in 
the assessment to the student, which should be focused on 'declarative knowledge' as a 
dominant reference. This paradigm shift should affect other features such as the approach 
of educational activities and teaching materials, which should lead to a variety of 'teaching 
situations' to encourage the student’s compromise (Savin-Baden, 2000). 
 
Any situation can only be conceived as a problem to the extent that there is a recognition of 
it as such a problem, that is, it is unknown, and to the extent that, a priori, we do not have 
the solution: a situation for which there is no obvious solution. But, it is desirable that 
students learn to solve problems raised at the university level, starting from open, and of 
interest, statements which include aspects from Science, Technology and Society fields. Solving 
a problem is to find a path where there previously was not a known one, finding a way to a 
difficult situation, to overcome an obstacle, to achieve a goal that could not initially be 
reached. This technique is proposed to be applied to address an opened-statement problem, 
which will be the definition of the course project, each student has to raise in a course of 
Linear Algebra with competences in an Industrial Electronics Technical Engineering degree, 
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leads to a methodological change in a way that the students arrive to be able to cope more 
successfully open-statement problems. The proposal is not characterized by dramatic 
changes in the structure of the education system but for qualitative changes in the teaching 
strategies used in the classroom, the activities proposed by the students and by the 
sequencing of conceptual and methodological contents. 
 
The problem resolution by students (which are accustomed to implement the proposed 
model) features closely the characteristics of the 'scientific work' and increase its 
effectiveness as resolvents. The procedural knowledge involves declarative knowledge 
specific to the area, and at the same time, the acquisition of the declarative knowledge is a 
process of construction that makes implicit or explicit use of procedural knowledge. It is 
therefore reasonable to expect that a further development of those procedures could lead to 
a more comprehensive learning and greater efficiency in the resolution. 
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expertise in educational programs corresponds to an approach to education primarily focused 
on the student and their ability to learn, requiring to him more prominence and more 
compromise (Albert, 2007). There is also a change in the concept of continuing education, 
where the individual needs to be able to handle knowledge, update, select what is appropriate 
for a given context, to understand what has been learned so that it can be adapted to new, and 
rapidly changing, situations. It will then need to reduce the use of class-present tasks and 
enhance the class-non-present tasks to 'teach to learn' so that the student can 'learning to learn' 
perceiving higher education as a further stage of 'learning over a lifetime' (long-life-learning) 
(Castillo and Polanco, 2007).  
 
Clearly, the changing role of the teacher being the person who structured the learning process, 
the major player in education, as well as supervising the work of the students, whose 
knowledge he evaluated, in the vision centred in  the student, the teacher is now a companion 
in the process of learning, which helps the studying to achieve certain competences. While the 
role of the teacher remains critical, it moves increasingly toward an advisor, guide and 
motivator (i.e., this is the well-known metaphor of the thesis director and the novel researcher) 
(Fig. 1). 
 
Likewise, the change must be reflected in the assessment of the student, which should be 
focused on 'declarative knowledge' as a dominant reference, and often it only happens to 
include an assessment based on the skills, capabilities and processes closely related to work 
and to the activities that lead to the student’s progress (the need for continuous evaluation). 
Therefore, this paradigm shift should affect other aspects such as the approach of educational 
activities and teaching materials, which should lead to a variety of 'teaching situations' to 
encourage the student’s compromise. This leads to the unavoidable conclusion that the 
learning-teaching paradigm is changing (Fullan, 2002). 
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Any situation can only be conceived as a problem to the extent that there is a recognition of it 
as such a problem, that is, it is unknown, and to the extent that, a priori, we do not have the 
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defined as a situation such that there are no obvious solutions. But it is desirable that students 
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problematic situations should be done so as to embody a challenge affordable by the students 
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previously was not a known one, finding a way to a difficult situation, to overcome an 
obstacle, to achieve a goal that could not initially be reached. 
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THEMATIC 
UNIT 

MATHEMATICAL GROUNDS II  (LINEAR ALGEBRA) 
(1st course, 1st semester) (6.0 ECTS) 

WEIGHT 
 (%) 

1 
2 
3 
4 
5 

FINITE DIMENSION VECTOR SPACES 
MATRIX ALGEBRA 

LINEAR EQUATION SYSTEMS 
EUCLIDEAN VECTOR SPACES 

SPECTRAL THEORY 

10.00 
10.00 
15.00 
20.00 
10.00 

65.00 

6 Practical applications in the Mathematica programming 
environment 

by using algebraic and numerical techniques 
(5 two-hour practical sessions) 

 

15.00 

7 Research monographic work (cooperative/collaborative teams)  20.00 
Fig. 2. The syllabus of Mathematical Grounds (tasks-based). 
 
This technique is proposed to be applied to address an opened-statement problem, which will 
be the definition of the course project, each student has to raise in a course of Linear Algebra 
(Figs. 2-3) with competences in an Industrial Electronics Technical Engineering grade, where 
the aim is to consider the student’s meaningful learning. The weight of the research work is 
important in monitoring the formative and additive assessment of the course: this is why 
special attention is devoted (Stake, 2004). To do so, students must apply the scientific method 
and the problem-solving methodology to develop the skills that are inherent. It is not an 
exclusive method, but one more training methodology, while in the strategic resources within 
the daily teaching practice implementation (McKernan, 1999; Fullan, 2002; Michavilla, 2006; 
Castillo and Polanco, 2007). 
 

COMPETENCE MATHEMATICAL GROUNDS II  
(LINEAR ALGEBRA) (6.0 ECTS) 

NUMBER OF 
CRITERIA FOR 
MEASURABLE 

OUTCOMES 

WEIGHT 
 (%) 

1 
Significant knowledge of the mathematical contents 
from an algebraic and numerical approach with 
practical applications from engineering fields 

3 15.00 

2 
Numerical and symbolic modelling of linear 
continuous time-invariant dynamic systems via 
some professional programming environment 

2 10.00 

3 
Obtaining of valid (reasoned and justified) 
conclusions from the results by efficiently managing 
the worked data 

8 40.00 

4 

Design, implementation and management of a 
research project which will be produced in a 
collaborative team; then an scientific report will 
must be presented 

5 30.00 

5 

To establish strategies and mechanisms to improve 
the learning quality through significant trainings 
and NICTs by considering policies such as 
sustainability, thrift, ethics, human rights, diversity, 
… and so on 

3 10.00 

Fig. 3. The syllabus of Mathematical Grounds (competences-based). 
 

 

The learning methodology, that is suggested in the sequel, shows undergraduates develop 
the competences involved (Fig. 3), but a lot care must be considered. 
 

 
 

Fig. 4. Problem solving via the PBL approach. 

 
4. Problem solving 
 

The applied scientific method is based on a cognitive-constructivist (Osborne-Wittrock’s 
approach) concept of the learning environment (figures 4-5) to produce significant learning 
(Phillips, 1995; Wertz et al., 2005): (1) the appropriate definition of the problem under 
consideration, with a discussion of the problem interest raised in connection with the 
descriptors of the course subjects; (2) the adequate knowledge of the physical mechanisms, 
describing the process being worked; (3) the statement of the objectives of the study 
(qualitative analysis stage), as well as the detection of the conditions that define the 
problem; (4) the generation of hypotheses for creative speculation; (5) the search for a 
solution, developing different methodologies and strategies; (6) the contrast interpretation 
of the results obtained; (7) analyzing other possible extensions of the study, and (8) the 
development of the corresponding writing and speech, according to a particular pattern (for 
example, a scientific article). To fix the experience reported in this paper the photoelectric 
effect will be considered. Afterwards, some more examples will be provided as work 
references. 
 
2007´s timing PBL is presented in Fig. 6 (detailed information is provided in figure 8). The 
students´ team carries out the diverse stages of the research coached by the professor. The 
PBL approach application in the Course Project consists of designing and implementing a 
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(1st course, 1st semester) (6.0 ECTS) 

WEIGHT 
 (%) 

1 
2 
3 
4 
5 

FINITE DIMENSION VECTOR SPACES 
MATRIX ALGEBRA 

LINEAR EQUATION SYSTEMS 
EUCLIDEAN VECTOR SPACES 

SPECTRAL THEORY 

10.00 
10.00 
15.00 
20.00 
10.00 

65.00 

6 Practical applications in the Mathematica programming 
environment 

by using algebraic and numerical techniques 
(5 two-hour practical sessions) 

 

15.00 

7 Research monographic work (cooperative/collaborative teams)  20.00 
Fig. 2. The syllabus of Mathematical Grounds (tasks-based). 
 
This technique is proposed to be applied to address an opened-statement problem, which will 
be the definition of the course project, each student has to raise in a course of Linear Algebra 
(Figs. 2-3) with competences in an Industrial Electronics Technical Engineering grade, where 
the aim is to consider the student’s meaningful learning. The weight of the research work is 
important in monitoring the formative and additive assessment of the course: this is why 
special attention is devoted (Stake, 2004). To do so, students must apply the scientific method 
and the problem-solving methodology to develop the skills that are inherent. It is not an 
exclusive method, but one more training methodology, while in the strategic resources within 
the daily teaching practice implementation (McKernan, 1999; Fullan, 2002; Michavilla, 2006; 
Castillo and Polanco, 2007). 
 

COMPETENCE MATHEMATICAL GROUNDS II  
(LINEAR ALGEBRA) (6.0 ECTS) 

NUMBER OF 
CRITERIA FOR 
MEASURABLE 

OUTCOMES 

WEIGHT 
 (%) 

1 
Significant knowledge of the mathematical contents 
from an algebraic and numerical approach with 
practical applications from engineering fields 

3 15.00 

2 
Numerical and symbolic modelling of linear 
continuous time-invariant dynamic systems via 
some professional programming environment 

2 10.00 

3 
Obtaining of valid (reasoned and justified) 
conclusions from the results by efficiently managing 
the worked data 

8 40.00 

4 

Design, implementation and management of a 
research project which will be produced in a 
collaborative team; then an scientific report will 
must be presented 

5 30.00 

5 

To establish strategies and mechanisms to improve 
the learning quality through significant trainings 
and NICTs by considering policies such as 
sustainability, thrift, ethics, human rights, diversity, 
… and so on 

3 10.00 

Fig. 3. The syllabus of Mathematical Grounds (competences-based). 
 

 

The learning methodology, that is suggested in the sequel, shows undergraduates develop 
the competences involved (Fig. 3), but a lot care must be considered. 
 

 
 

Fig. 4. Problem solving via the PBL approach. 

 
4. Problem solving 
 

The applied scientific method is based on a cognitive-constructivist (Osborne-Wittrock’s 
approach) concept of the learning environment (figures 4-5) to produce significant learning 
(Phillips, 1995; Wertz et al., 2005): (1) the appropriate definition of the problem under 
consideration, with a discussion of the problem interest raised in connection with the 
descriptors of the course subjects; (2) the adequate knowledge of the physical mechanisms, 
describing the process being worked; (3) the statement of the objectives of the study 
(qualitative analysis stage), as well as the detection of the conditions that define the 
problem; (4) the generation of hypotheses for creative speculation; (5) the search for a 
solution, developing different methodologies and strategies; (6) the contrast interpretation 
of the results obtained; (7) analyzing other possible extensions of the study, and (8) the 
development of the corresponding writing and speech, according to a particular pattern (for 
example, a scientific article). To fix the experience reported in this paper the photoelectric 
effect will be considered. Afterwards, some more examples will be provided as work 
references. 
 
2007´s timing PBL is presented in Fig. 6 (detailed information is provided in figure 8). The 
students´ team carries out the diverse stages of the research coached by the professor. The 
PBL approach application in the Course Project consists of designing and implementing a 
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Research Project (namely, the photoelectric effect) as an open problem to work in teams, 
using the scientific method: a technological situation must be modelled to focus the 
descriptors, the resources and the algebraic methodologies of the syllabus. Also, the 
relationships with other subjects must be reflected as the competences are evolving while 
using the Deming’s wheel (PDCA; i.e., Plan-Do-Check-Act) work system. As a consequence, 
the following steps are taking into account: 
 

 
Fig. 5. The process oriented research. 
 
S1: The Course Project is enunciated as an open problem by the team: The photoelectric 
effect sets up that the minimum voltage (V) to make an electron to leave a surface is a 
function of the frequency  (Hz) of the incidental radiation and of a certain function , which 
is characteristic of each surface. Looking at the existing literature, one must select several 
experimental data to estimate the values of the constants h (Planck’s constant) and  so as to 
determine which such a surface is (Fig. 8). 
 
S2: To take into account the PBL approach (Figs. 4, 5 and 7). 
 
S3: To pose the problem via a matrix, vector or numerical modelling to establish the 

dependence between the existing variables ( 0eV h    being  > t = 
h

  the 

minimum frequency). At the same time, the work hypotheses are established (Fig. 8). 

 
S4: The theory key points must be revisited to have a good understanding: a concept map 
is usually provided with every unit as an information help. 
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Fig. 6. The Course Project definition. 
 

 
Fig. 7. The PBL approach working concept. 
 

 (Hz x10-3) 56 70 79 83 102 120 

V0 (V) 0.05 1.00 1.40 1.74 2.43 3.00 
Fig. 8. Experimental data for the photoelectric effect. 
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S5: How the student can be coached to reach a true mathematical comprehension in order 
to determine the concept structure and the relationships of the involved mathematical units? 
(Figs. 6, 7 and 9). 
 

ESTIMATED TIME 
(hours) CODE 

PDC TASK TO IMPLEMENT ACTIVITIES TO DEVELOP OUTCOME TO 
MEASURE/OBJECTIVE CLASSROOM NON-

ATTENDANCE 

DIFFICULTIES ENCOUNTERED 

1 

- Presentation of the subject Teaching 
Planning STP  
- Explanation of the teaching method that is 
the base of the Course Project 
- Text  of Course Project as an open problem 
This task is reminded from time to time to 
ensure that students are aware of what it 
really means 

- Statement of competencies involved 
in the Course Pro ject 
- Using simple examples for 
explanation 
- Defin ition of object ives  
- Influence on the assessment  

- Specific questions specific in  
tutoring/facilitation sessions and/or 
classroom 
- Use a daily log as a register diary  
 0.25  

- The student feels that the documentation 
(delivered on the first day of class) is 
excessive 
- The subject guide may be useful to overcome 
this difficulty, if provided that it is very well 
designed 

2 

Finding information in books, magazines, 
specialised articles, reports, encyclopaedias 
and /or the Internet, asking to other teachers 
based on the descriptors of the subject, given 
the first day of class 

The student looked for information on 
the sources suggested 

 0.50 

- It is normal for the pupil to be disoriented as 
he is not accustomed to working under the 
scientific method 
- Student makes reports handwritten 
- It is not anything to be delivered as early 

3 

New reformulation of the search criteria Very specific descriptors are provided 
to generate an appropriate search: 
dynamic system, linear system, linear 
approach, controllability, robustness, 
resonant systems, ... 

0.17 0.50 

4 New reformulation of the search criteria The student is told about the most 
productive topics of the subject 

- The student will deliver the 
statement of the problem, that will 
work, as openly as possible 
- List of used references  given by the 
method of Harvard (examples are 
given in the STP) 
- At a later stage, the student will give 
a complete Problem Resolution (PR) 
approach, using the modelling 
suggested when the solution 
implementation be done 

 0.25 

- At this stage any student needs facilitation to 
be addressed in the right direct ion  
- Real-time corrective feedback must be done 
often, either because students react in a way 
not intended, either because the expected 
progress does not materialize in the expected 
steps/phases  

5 

Open formulat ion of the problem, to be solved 
according to the PR methodology, clearly 
incorporating the relationships linking the 
proposal with other subjects of the Degree 

The student will have to develop the 
theory underlying the model 
presented, linking mathematics and 
that interest area 

- The proposed statement should make 
clear the relationship between 
contents and  descriptors  in the 
subject  
- Analysis of the model: the theory 
must be described succinctly and 
directly 

 2.00 

- The student usually shows difficult ies when 
verbalizing his/her work experience  
- The difficulties that can lead the future 
development of the project ought to be written 
 

6 

Design of way the implementation of the 
solution will be addressed  

- Problem analysis  
- Analysis tools that can be used  
- Locate resources that will be needed  

- List of variables  involved 
- The student will prepare a concept 
map, organigram or similar, where a 
working and calculation strategy 
will be provided, reasoning about its 
key points 

0.50 1.00 

- The student does not have a clear idea of the 
tools to work as a top-down/bottom-up design  
- The student does not adequately link to the 
key concepts of the subject with the 
experience in the Course Pro ject: the concept 
maps of the thematic units of the course must 
be continuously be recalled 

7 Remember the theoretical concepts involved Summary of the descriptors most 
needed to develop the Course Project 

Concept map of the contents 
covered 0.17 0.50 The student must be drawn to study daily 

8 

Deduction of the working model from the 
graphical representation 

Analyze whether the problem is 
discrete or continuous, clarify ing what 
the variables are and the relationship 
between them  

- Deduction of the theoretical model 
- Justified and reasoned statement 
of the working hypotheses , to 
implement the resolution of the 
problem 

 0.50 

- Difficulties in discriminating the data and 
results  
- The variables are not discussed in the right 
way  
- No way are correct Descriptors and 
keywords are not correctly expressed 

9 Refinement of the qualitative analysis Giv ing an overview of the whole 
approach to see if mistakes take place 

Justified listing of the mistakes 
appearing  0.50 The student does devote no time to rev iew and 

reflect 

10 
Analysis of the weaknesses of the approach by 
the teacher 

Monitoring, normally permitted, the 
student 

 
0.50  

The facilitation session must be compulsory; 
otherwise, the student does not come 
voluntarily 

11 
Implementation the solution by solving 
systems of linear equations in the sense of 
least squares 

Calculate the parameters involved in 
the model of the Course Pro ject 

Coherence of the results obtained 
0.17 1.50 

The student often uses only pencil and paper, 
not making use of ICT to enhance their overall 
productivity 

12 
Deduction of conclusions Answer in a way justified the 

questions raised in the Course Project 
discussion 

Results are correct and exp lanations 
are well justified  0.50 

There are numbers, no units are provided, and 
typically the results obtained are not discussed 

13 

Oral presentation and/or written report for the 
Course Project 

Perform a PowerPoint presentation 
that summarizes all the essentials of 
Course Project outcomes 

Quality of the report/presentation 
following the criteria reported in the 
valuation rubrics at the beginning of 
the course 

 1.00 

- There is not too much interest to generate a 
document with enough presence to the 
university level  
- There is no autonomy when generating the 
report of the Course Pro ject 

14 
Evolution of the student’s evolution and 
progress in mastering the techniques involved 
in the Course Pro ject 

Interview (3 sessions of 10 minutes) 
with the teacher of the course on an 
individual basis and with other group 
members 

Daily records 

0.50  

It is quite difficult to verbalize  feelings and 
emotions in front of a teacher, and more if 
other students are there, albeit in a  small group 

15 
Final evaluation of the work done with the 
Course Project 

Personal interview 
Team interview 
Analysis of team data and student’s 
data 

Summative assessment of the Course 
Project with the student’s follow-up, 
and the opinion of each group member 0.25  

Initially, the student is reluctant to assess their 
colleagues, provided that there is no group 
mentality 

16 
Following the REDER philosophy the 
learning-teaching process of the Course 
Project is reviewed on an ongoing basis, which 
has the corresponding control mechanisms 

Quality of the Course Pro ject report  
Oral presentation of the Course 
Project  
Student’s self-evaluation 

Lejk’s method to evaluate the team 
guided work, that has done the 
Course Project   

Students need to comment the assessment 
results to them as immediate or mediate 
feedback 

  
Fig. 9. Flow diagram of the Course Project implementation (formative and additive 
assessment in blue colour). 
 
S6: Which are the student’s main difficulties? The PBL approach is an adequate tool to 
develop the problems, the algebraic descriptors usually pose: the vector space idea, different 
algebraic tools for numerical computation, situations where high dimensionality appears, 
systems with overdetermined data, the spectral theory to summarize systems up, the 
analysis of the physical systems response, … 
 

 

S7: To establish the connections with other units of the syllabus or with other subjects of 
the degree: a good tutoring (namely, facilitation) is basic to adequately coach the team. 
 
S8: The problem solving is made by a using a computer to emphasize the results discussion 
and to look for the appropriate explanations. Here, several problems can be detected which 
are related to the team/student’s working way. Consequently, additional objectives must be 
defined and the corresponding activities implemented to solve these difficulties (Fig. 13). 
 
S9: The team should look for other technical situations to compare with: electronic, 
mechanical, chemical, economic, biological, hydraulic, neurophysiological … models. 
 
S10: The solution is reported as a scientific article and an oral presentation is compulsory.  
The report includes: (1) a graphical plot, (2) the data preparation, (3) the mathematical 
model of the information, (4) a solving proposal, (5) the algebraic and numerical methods 
that have been used, (6) the results preparation, (7) the results obtaining, (8) the results 
interpretation and discussions and (9) the coherence of the supplied data and the analysis of 
the errors achieved. A help template is provided to do it. 
 
S11: The student’s opinion is essential: so that the team must write a short essay over the 
experience and each student must fulfil an opinion poll on the learning-teaching process. 
The following questions are suggested as a guide: 
 
 Is the student satisfied? 
 The student, gets a significant training in an efficient manner in order to acquire new 

competences, skills and/or procedural knowledge? 
 Does he/she apply these new strategies in his/her curriculum in an appropriate way? 
 The changes that succeed in the student’s learning-teaching process, do they improve the 

considered teaching system? 
 
S12: The evaluation is inner and outer: at the beginning of the course the evaluation criteria 
are discussed with the students and some consensus is reached. Then, each team evaluates 
its work which is discussed with the professor in an interview (inner evaluation) and the 
remaining teams do evaluate the oral presentation, which must be given (outer evaluation) 
(see Figs. 9, 10 and 13). 
 
There are many examples that can be used to develop the PBL approach to work in a Course 
Project at the University in a first course. Some examples (that can be coordinated with other 
subjects) are: the vibration analysis, the phase plane study, the approximation theory in a lot 
of environments –for instance, when tendencies are important, non-linear systems 
linearization, the discussion of the algebraic properties of (continuous time and discrete 
time) linear systems, … Those examples allow to follow the student’s progress (formative 
evaluation) and also to discuss his/her development (in the sense of evolution) (additive 
evaluation) from the measurable outcomes (Wolf, 1994; Stake, 2004). 
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often, either because students react in a way 
not intended, either because the expected 
progress does not materialize in the expected 
steps/phases  

5 

Open formulat ion of the problem, to be solved 
according to the PR methodology, clearly 
incorporating the relationships linking the 
proposal with other subjects of the Degree 

The student will have to develop the 
theory underlying the model 
presented, linking mathematics and 
that interest area 

- The proposed statement should make 
clear the relationship between 
contents and  descriptors  in the 
subject  
- Analysis of the model: the theory 
must be described succinctly and 
directly 

 2.00 

- The student usually shows difficult ies when 
verbalizing his/her work experience  
- The difficulties that can lead the future 
development of the project ought to be written 
 

6 

Design of way the implementation of the 
solution will be addressed  

- Problem analysis  
- Analysis tools that can be used  
- Locate resources that will be needed  

- List of variables  involved 
- The student will prepare a concept 
map, organigram or similar, where a 
working and calculation strategy 
will be provided, reasoning about its 
key points 

0.50 1.00 

- The student does not have a clear idea of the 
tools to work as a top-down/bottom-up design  
- The student does not adequately link to the 
key concepts of the subject with the 
experience in the Course Pro ject: the concept 
maps of the thematic units of the course must 
be continuously be recalled 

7 Remember the theoretical concepts involved Summary of the descriptors most 
needed to develop the Course Project 

Concept map of the contents 
covered 0.17 0.50 The student must be drawn to study daily 

8 

Deduction of the working model from the 
graphical representation 

Analyze whether the problem is 
discrete or continuous, clarify ing what 
the variables are and the relationship 
between them  

- Deduction of the theoretical model 
- Justified and reasoned statement 
of the working hypotheses , to 
implement the resolution of the 
problem 

 0.50 

- Difficulties in discriminating the data and 
results  
- The variables are not discussed in the right 
way  
- No way are correct Descriptors and 
keywords are not correctly expressed 

9 Refinement of the qualitative analysis Giv ing an overview of the whole 
approach to see if mistakes take place 

Justified listing of the mistakes 
appearing  0.50 The student does devote no time to rev iew and 

reflect 

10 
Analysis of the weaknesses of the approach by 
the teacher 

Monitoring, normally permitted, the 
student 

 
0.50  

The facilitation session must be compulsory; 
otherwise, the student does not come 
voluntarily 

11 
Implementation the solution by solving 
systems of linear equations in the sense of 
least squares 

Calculate the parameters involved in 
the model of the Course Pro ject 

Coherence of the results obtained 
0.17 1.50 

The student often uses only pencil and paper, 
not making use of ICT to enhance their overall 
productivity 

12 
Deduction of conclusions Answer in a way justified the 

questions raised in the Course Project 
discussion 

Results are correct and exp lanations 
are well justified  0.50 

There are numbers, no units are provided, and 
typically the results obtained are not discussed 

13 

Oral presentation and/or written report for the 
Course Project 

Perform a PowerPoint presentation 
that summarizes all the essentials of 
Course Project outcomes 

Quality of the report/presentation 
following the criteria reported in the 
valuation rubrics at the beginning of 
the course 

 1.00 

- There is not too much interest to generate a 
document with enough presence to the 
university level  
- There is no autonomy when generating the 
report of the Course Pro ject 

14 
Evolution of the student’s evolution and 
progress in mastering the techniques involved 
in the Course Pro ject 

Interview (3 sessions of 10 minutes) 
with the teacher of the course on an 
individual basis and with other group 
members 

Daily records 

0.50  

It is quite difficult to verbalize  feelings and 
emotions in front of a teacher, and more if 
other students are there, albeit in a  small group 

15 
Final evaluation of the work done with the 
Course Project 

Personal interview 
Team interview 
Analysis of team data and student’s 
data 

Summative assessment of the Course 
Project with the student’s follow-up, 
and the opinion of each group member 0.25  

Initially, the student is reluctant to assess their 
colleagues, provided that there is no group 
mentality 

16 
Following the REDER philosophy the 
learning-teaching process of the Course 
Project is reviewed on an ongoing basis, which 
has the corresponding control mechanisms 

Quality of the Course Pro ject report  
Oral presentation of the Course 
Project  
Student’s self-evaluation 

Lejk’s method to evaluate the team 
guided work, that has done the 
Course Project   

Students need to comment the assessment 
results to them as immediate or mediate 
feedback 

  
Fig. 9. Flow diagram of the Course Project implementation (formative and additive 
assessment in blue colour). 
 
S6: Which are the student’s main difficulties? The PBL approach is an adequate tool to 
develop the problems, the algebraic descriptors usually pose: the vector space idea, different 
algebraic tools for numerical computation, situations where high dimensionality appears, 
systems with overdetermined data, the spectral theory to summarize systems up, the 
analysis of the physical systems response, … 
 

 

S7: To establish the connections with other units of the syllabus or with other subjects of 
the degree: a good tutoring (namely, facilitation) is basic to adequately coach the team. 
 
S8: The problem solving is made by a using a computer to emphasize the results discussion 
and to look for the appropriate explanations. Here, several problems can be detected which 
are related to the team/student’s working way. Consequently, additional objectives must be 
defined and the corresponding activities implemented to solve these difficulties (Fig. 13). 
 
S9: The team should look for other technical situations to compare with: electronic, 
mechanical, chemical, economic, biological, hydraulic, neurophysiological … models. 
 
S10: The solution is reported as a scientific article and an oral presentation is compulsory.  
The report includes: (1) a graphical plot, (2) the data preparation, (3) the mathematical 
model of the information, (4) a solving proposal, (5) the algebraic and numerical methods 
that have been used, (6) the results preparation, (7) the results obtaining, (8) the results 
interpretation and discussions and (9) the coherence of the supplied data and the analysis of 
the errors achieved. A help template is provided to do it. 
 
S11: The student’s opinion is essential: so that the team must write a short essay over the 
experience and each student must fulfil an opinion poll on the learning-teaching process. 
The following questions are suggested as a guide: 
 
 Is the student satisfied? 
 The student, gets a significant training in an efficient manner in order to acquire new 

competences, skills and/or procedural knowledge? 
 Does he/she apply these new strategies in his/her curriculum in an appropriate way? 
 The changes that succeed in the student’s learning-teaching process, do they improve the 

considered teaching system? 
 
S12: The evaluation is inner and outer: at the beginning of the course the evaluation criteria 
are discussed with the students and some consensus is reached. Then, each team evaluates 
its work which is discussed with the professor in an interview (inner evaluation) and the 
remaining teams do evaluate the oral presentation, which must be given (outer evaluation) 
(see Figs. 9, 10 and 13). 
 
There are many examples that can be used to develop the PBL approach to work in a Course 
Project at the University in a first course. Some examples (that can be coordinated with other 
subjects) are: the vibration analysis, the phase plane study, the approximation theory in a lot 
of environments –for instance, when tendencies are important, non-linear systems 
linearization, the discussion of the algebraic properties of (continuous time and discrete 
time) linear systems, … Those examples allow to follow the student’s progress (formative 
evaluation) and also to discuss his/her development (in the sense of evolution) (additive 
evaluation) from the measurable outcomes (Wolf, 1994; Stake, 2004). 
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S5: How the student can be coached to reach a true mathematical comprehension in order 
to determine the concept structure and the relationships of the involved mathematical units? 
(Figs. 6, 7 and 9). 
 

ESTIMATED TIME 
(hours) CODE 

PDC TASK TO IMPLEMENT ACTIVITIES TO DEVELOP OUTCOME TO 
MEASURE/OBJECTIVE CLASSROOM NON-

ATTENDANCE 

DIFFICULTIES ENCOUNTERED 

1 

- Presentation of the subject Teaching 
Planning STP  
- Explanation of the teaching method that is 
the base of the Course Project 
- Text  of Course Project as an open problem 
This task is reminded from time to time to 
ensure that students are aware of what it 
really means 

- Statement of competencies involved 
in the Course Pro ject 
- Using simple examples for 
explanation 
- Defin ition of object ives  
- Influence on the assessment  

- Specific questions specific in  
tutoring/facilitation sessions and/or 
classroom 
- Use a daily log as a register diary  
 0.25  

- The student feels that the documentation 
(delivered on the first day of class) is 
excessive 
- The subject guide may be useful to overcome 
this difficulty, if provided that it is very well 
designed 

2 

Finding information in books, magazines, 
specialised articles, reports, encyclopaedias 
and /or the Internet, asking to other teachers 
based on the descriptors of the subject, given 
the first day of class 

The student looked for information on 
the sources suggested 

 0.50 

- It is normal for the pupil to be disoriented as 
he is not accustomed to working under the 
scientific method 
- Student makes reports handwritten 
- It is not anything to be delivered as early 

3 

New reformulation of the search criteria Very specific descriptors are provided 
to generate an appropriate search: 
dynamic system, linear system, linear 
approach, controllability, robustness, 
resonant systems, ... 

0.17 0.50 

4 New reformulation of the search criteria The student is told about the most 
productive topics of the subject 

- The student will deliver the 
statement of the problem, that will 
work, as openly as possible 
- List of used references  given by the 
method of Harvard (examples are 
given in the STP) 
- At a later stage, the student will give 
a complete Problem Resolution (PR) 
approach, using the modelling 
suggested when the solution 
implementation be done 

 0.25 

- At this stage any student needs facilitation to 
be addressed in the right direct ion  
- Real-time corrective feedback must be done 
often, either because students react in a way 
not intended, either because the expected 
progress does not materialize in the expected 
steps/phases  

5 

Open formulat ion of the problem, to be solved 
according to the PR methodology, clearly 
incorporating the relationships linking the 
proposal with other subjects of the Degree 

The student will have to develop the 
theory underlying the model 
presented, linking mathematics and 
that interest area 

- The proposed statement should make 
clear the relationship between 
contents and  descriptors  in the 
subject  
- Analysis of the model: the theory 
must be described succinctly and 
directly 

 2.00 

- The student usually shows difficult ies when 
verbalizing his/her work experience  
- The difficulties that can lead the future 
development of the project ought to be written 
 

6 

Design of way the implementation of the 
solution will be addressed  

- Problem analysis  
- Analysis tools that can be used  
- Locate resources that will be needed  

- List of variables  involved 
- The student will prepare a concept 
map, organigram or similar, where a 
working and calculation strategy 
will be provided, reasoning about its 
key points 

0.50 1.00 

- The student does not have a clear idea of the 
tools to work as a top-down/bottom-up design  
- The student does not adequately link to the 
key concepts of the subject with the 
experience in the Course Pro ject: the concept 
maps of the thematic units of the course must 
be continuously be recalled 

7 Remember the theoretical concepts involved Summary of the descriptors most 
needed to develop the Course Project 

Concept map of the contents 
covered 0.17 0.50 The student must be drawn to study daily 

8 

Deduction of the working model from the 
graphical representation 

Analyze whether the problem is 
discrete or continuous, clarify ing what 
the variables are and the relationship 
between them  

- Deduction of the theoretical model 
- Justified and reasoned statement 
of the working hypotheses , to 
implement the resolution of the 
problem 

 0.50 

- Difficulties in discriminating the data and 
results  
- The variables are not discussed in the right 
way  
- No way are correct Descriptors and 
keywords are not correctly expressed 

9 Refinement of the qualitative analysis Giv ing an overview of the whole 
approach to see if mistakes take place 

Justified listing of the mistakes 
appearing  0.50 The student does devote no time to rev iew and 

reflect 

10 
Analysis of the weaknesses of the approach by 
the teacher 

Monitoring, normally permitted, the 
student 

 
0.50  

The facilitation session must be compulsory; 
otherwise, the student does not come 
voluntarily 

11 
Implementation the solution by solving 
systems of linear equations in the sense of 
least squares 

Calculate the parameters involved in 
the model of the Course Pro ject 

Coherence of the results obtained 
0.17 1.50 

The student often uses only pencil and paper, 
not making use of ICT to enhance their overall 
productivity 

12 
Deduction of conclusions Answer in a way justified the 

questions raised in the Course Project 
discussion 

Results are correct and exp lanations 
are well justified  0.50 

There are numbers, no units are provided, and 
typically the results obtained are not discussed 

13 

Oral presentation and/or written report for the 
Course Project 

Perform a PowerPoint presentation 
that summarizes all the essentials of 
Course Project outcomes 

Quality of the report/presentation 
following the criteria reported in the 
valuation rubrics at the beginning of 
the course 

 1.00 

- There is not too much interest to generate a 
document with enough presence to the 
university level  
- There is no autonomy when generating the 
report of the Course Pro ject 

14 
Evolution of the student’s evolution and 
progress in mastering the techniques involved 
in the Course Pro ject 

Interview (3 sessions of 10 minutes) 
with the teacher of the course on an 
individual basis and with other group 
members 

Daily records 

0.50  

It is quite difficult to verbalize  feelings and 
emotions in front of a teacher, and more if 
other students are there, albeit in a  small group 

15 
Final evaluation of the work done with the 
Course Project 

Personal interview 
Team interview 
Analysis of team data and student’s 
data 

Summative assessment of the Course 
Project with the student’s follow-up, 
and the opinion of each group member 0.25  

Initially, the student is reluctant to assess their 
colleagues, provided that there is no group 
mentality 

16 
Following the REDER philosophy the 
learning-teaching process of the Course 
Project is reviewed on an ongoing basis, which 
has the corresponding control mechanisms 

Quality of the Course Pro ject report  
Oral presentation of the Course 
Project  
Student’s self-evaluation 

Lejk’s method to evaluate the team 
guided work, that has done the 
Course Project   

Students need to comment the assessment 
results to them as immediate or mediate 
feedback 

  
Fig. 9. Flow diagram of the Course Project implementation (formative and additive 
assessment in blue colour). 
 
S6: Which are the student’s main difficulties? The PBL approach is an adequate tool to 
develop the problems, the algebraic descriptors usually pose: the vector space idea, different 
algebraic tools for numerical computation, situations where high dimensionality appears, 
systems with overdetermined data, the spectral theory to summarize systems up, the 
analysis of the physical systems response, … 
 

 

S7: To establish the connections with other units of the syllabus or with other subjects of 
the degree: a good tutoring (namely, facilitation) is basic to adequately coach the team. 
 
S8: The problem solving is made by a using a computer to emphasize the results discussion 
and to look for the appropriate explanations. Here, several problems can be detected which 
are related to the team/student’s working way. Consequently, additional objectives must be 
defined and the corresponding activities implemented to solve these difficulties (Fig. 13). 
 
S9: The team should look for other technical situations to compare with: electronic, 
mechanical, chemical, economic, biological, hydraulic, neurophysiological … models. 
 
S10: The solution is reported as a scientific article and an oral presentation is compulsory.  
The report includes: (1) a graphical plot, (2) the data preparation, (3) the mathematical 
model of the information, (4) a solving proposal, (5) the algebraic and numerical methods 
that have been used, (6) the results preparation, (7) the results obtaining, (8) the results 
interpretation and discussions and (9) the coherence of the supplied data and the analysis of 
the errors achieved. A help template is provided to do it. 
 
S11: The student’s opinion is essential: so that the team must write a short essay over the 
experience and each student must fulfil an opinion poll on the learning-teaching process. 
The following questions are suggested as a guide: 
 
 Is the student satisfied? 
 The student, gets a significant training in an efficient manner in order to acquire new 

competences, skills and/or procedural knowledge? 
 Does he/she apply these new strategies in his/her curriculum in an appropriate way? 
 The changes that succeed in the student’s learning-teaching process, do they improve the 

considered teaching system? 
 
S12: The evaluation is inner and outer: at the beginning of the course the evaluation criteria 
are discussed with the students and some consensus is reached. Then, each team evaluates 
its work which is discussed with the professor in an interview (inner evaluation) and the 
remaining teams do evaluate the oral presentation, which must be given (outer evaluation) 
(see Figs. 9, 10 and 13). 
 
There are many examples that can be used to develop the PBL approach to work in a Course 
Project at the University in a first course. Some examples (that can be coordinated with other 
subjects) are: the vibration analysis, the phase plane study, the approximation theory in a lot 
of environments –for instance, when tendencies are important, non-linear systems 
linearization, the discussion of the algebraic properties of (continuous time and discrete 
time) linear systems, … Those examples allow to follow the student’s progress (formative 
evaluation) and also to discuss his/her development (in the sense of evolution) (additive 
evaluation) from the measurable outcomes (Wolf, 1994; Stake, 2004). 
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S5: How the student can be coached to reach a true mathematical comprehension in order 
to determine the concept structure and the relationships of the involved mathematical units? 
(Figs. 6, 7 and 9). 
 

ESTIMATED TIME 
(hours) CODE 

PDC TASK TO IMPLEMENT ACTIVITIES TO DEVELOP OUTCOME TO 
MEASURE/OBJECTIVE CLASSROOM NON-

ATTENDANCE 

DIFFICULTIES ENCOUNTERED 

1 

- Presentation of the subject Teaching 
Planning STP  
- Explanation of the teaching method that is 
the base of the Course Project 
- Text  of Course Project as an open problem 
This task is reminded from time to time to 
ensure that students are aware of what it 
really means 

- Statement of competencies involved 
in the Course Pro ject 
- Using simple examples for 
explanation 
- Defin ition of object ives  
- Influence on the assessment  

- Specific questions specific in  
tutoring/facilitation sessions and/or 
classroom 
- Use a daily log as a register diary  
 0.25  

- The student feels that the documentation 
(delivered on the first day of class) is 
excessive 
- The subject guide may be useful to overcome 
this difficulty, if provided that it is very well 
designed 

2 

Finding information in books, magazines, 
specialised articles, reports, encyclopaedias 
and /or the Internet, asking to other teachers 
based on the descriptors of the subject, given 
the first day of class 

The student looked for information on 
the sources suggested 

 0.50 

- It is normal for the pupil to be disoriented as 
he is not accustomed to working under the 
scientific method 
- Student makes reports handwritten 
- It is not anything to be delivered as early 

3 

New reformulation of the search criteria Very specific descriptors are provided 
to generate an appropriate search: 
dynamic system, linear system, linear 
approach, controllability, robustness, 
resonant systems, ... 

0.17 0.50 

4 New reformulation of the search criteria The student is told about the most 
productive topics of the subject 

- The student will deliver the 
statement of the problem, that will 
work, as openly as possible 
- List of used references  given by the 
method of Harvard (examples are 
given in the STP) 
- At a later stage, the student will give 
a complete Problem Resolution (PR) 
approach, using the modelling 
suggested when the solution 
implementation be done 

 0.25 

- At this stage any student needs facilitation to 
be addressed in the right direct ion  
- Real-time corrective feedback must be done 
often, either because students react in a way 
not intended, either because the expected 
progress does not materialize in the expected 
steps/phases  

5 

Open formulat ion of the problem, to be solved 
according to the PR methodology, clearly 
incorporating the relationships linking the 
proposal with other subjects of the Degree 

The student will have to develop the 
theory underlying the model 
presented, linking mathematics and 
that interest area 

- The proposed statement should make 
clear the relationship between 
contents and  descriptors  in the 
subject  
- Analysis of the model: the theory 
must be described succinctly and 
directly 

 2.00 

- The student usually shows difficult ies when 
verbalizing his/her work experience  
- The difficulties that can lead the future 
development of the project ought to be written 
 

6 

Design of way the implementation of the 
solution will be addressed  

- Problem analysis  
- Analysis tools that can be used  
- Locate resources that will be needed  

- List of variables  involved 
- The student will prepare a concept 
map, organigram or similar, where a 
working and calculation strategy 
will be provided, reasoning about its 
key points 

0.50 1.00 

- The student does not have a clear idea of the 
tools to work as a top-down/bottom-up design  
- The student does not adequately link to the 
key concepts of the subject with the 
experience in the Course Pro ject: the concept 
maps of the thematic units of the course must 
be continuously be recalled 

7 Remember the theoretical concepts involved Summary of the descriptors most 
needed to develop the Course Project 

Concept map of the contents 
covered 0.17 0.50 The student must be drawn to study daily 

8 

Deduction of the working model from the 
graphical representation 

Analyze whether the problem is 
discrete or continuous, clarify ing what 
the variables are and the relationship 
between them  

- Deduction of the theoretical model 
- Justified and reasoned statement 
of the working hypotheses , to 
implement the resolution of the 
problem 

 0.50 

- Difficulties in discriminating the data and 
results  
- The variables are not discussed in the right 
way  
- No way are correct Descriptors and 
keywords are not correctly expressed 

9 Refinement of the qualitative analysis Giv ing an overview of the whole 
approach to see if mistakes take place 

Justified listing of the mistakes 
appearing  0.50 The student does devote no time to rev iew and 

reflect 

10 
Analysis of the weaknesses of the approach by 
the teacher 

Monitoring, normally permitted, the 
student 

 
0.50  

The facilitation session must be compulsory; 
otherwise, the student does not come 
voluntarily 

11 
Implementation the solution by solving 
systems of linear equations in the sense of 
least squares 

Calculate the parameters involved in 
the model of the Course Pro ject 

Coherence of the results obtained 
0.17 1.50 

The student often uses only pencil and paper, 
not making use of ICT to enhance their overall 
productivity 

12 
Deduction of conclusions Answer in a way justified the 

questions raised in the Course Project 
discussion 

Results are correct and exp lanations 
are well justified  0.50 

There are numbers, no units are provided, and 
typically the results obtained are not discussed 

13 

Oral presentation and/or written report for the 
Course Project 

Perform a PowerPoint presentation 
that summarizes all the essentials of 
Course Project outcomes 

Quality of the report/presentation 
following the criteria reported in the 
valuation rubrics at the beginning of 
the course 

 1.00 

- There is not too much interest to generate a 
document with enough presence to the 
university level  
- There is no autonomy when generating the 
report of the Course Pro ject 

14 
Evolution of the student’s evolution and 
progress in mastering the techniques involved 
in the Course Pro ject 

Interview (3 sessions of 10 minutes) 
with the teacher of the course on an 
individual basis and with other group 
members 

Daily records 

0.50  

It is quite difficult to verbalize  feelings and 
emotions in front of a teacher, and more if 
other students are there, albeit in a  small group 

15 
Final evaluation of the work done with the 
Course Project 

Personal interview 
Team interview 
Analysis of team data and student’s 
data 

Summative assessment of the Course 
Project with the student’s follow-up, 
and the opinion of each group member 0.25  

Initially, the student is reluctant to assess their 
colleagues, provided that there is no group 
mentality 

16 
Following the REDER philosophy the 
learning-teaching process of the Course 
Project is reviewed on an ongoing basis, which 
has the corresponding control mechanisms 

Quality of the Course Pro ject report  
Oral presentation of the Course 
Project  
Student’s self-evaluation 

Lejk’s method to evaluate the team 
guided work, that has done the 
Course Project   

Students need to comment the assessment 
results to them as immediate or mediate 
feedback 

  
Fig. 9. Flow diagram of the Course Project implementation (formative and additive 
assessment in blue colour). 
 
S6: Which are the student’s main difficulties? The PBL approach is an adequate tool to 
develop the problems, the algebraic descriptors usually pose: the vector space idea, different 
algebraic tools for numerical computation, situations where high dimensionality appears, 
systems with overdetermined data, the spectral theory to summarize systems up, the 
analysis of the physical systems response, … 
 

 

S7: To establish the connections with other units of the syllabus or with other subjects of 
the degree: a good tutoring (namely, facilitation) is basic to adequately coach the team. 
 
S8: The problem solving is made by a using a computer to emphasize the results discussion 
and to look for the appropriate explanations. Here, several problems can be detected which 
are related to the team/student’s working way. Consequently, additional objectives must be 
defined and the corresponding activities implemented to solve these difficulties (Fig. 13). 
 
S9: The team should look for other technical situations to compare with: electronic, 
mechanical, chemical, economic, biological, hydraulic, neurophysiological … models. 
 
S10: The solution is reported as a scientific article and an oral presentation is compulsory.  
The report includes: (1) a graphical plot, (2) the data preparation, (3) the mathematical 
model of the information, (4) a solving proposal, (5) the algebraic and numerical methods 
that have been used, (6) the results preparation, (7) the results obtaining, (8) the results 
interpretation and discussions and (9) the coherence of the supplied data and the analysis of 
the errors achieved. A help template is provided to do it. 
 
S11: The student’s opinion is essential: so that the team must write a short essay over the 
experience and each student must fulfil an opinion poll on the learning-teaching process. 
The following questions are suggested as a guide: 
 
 Is the student satisfied? 
 The student, gets a significant training in an efficient manner in order to acquire new 

competences, skills and/or procedural knowledge? 
 Does he/she apply these new strategies in his/her curriculum in an appropriate way? 
 The changes that succeed in the student’s learning-teaching process, do they improve the 

considered teaching system? 
 
S12: The evaluation is inner and outer: at the beginning of the course the evaluation criteria 
are discussed with the students and some consensus is reached. Then, each team evaluates 
its work which is discussed with the professor in an interview (inner evaluation) and the 
remaining teams do evaluate the oral presentation, which must be given (outer evaluation) 
(see Figs. 9, 10 and 13). 
 
There are many examples that can be used to develop the PBL approach to work in a Course 
Project at the University in a first course. Some examples (that can be coordinated with other 
subjects) are: the vibration analysis, the phase plane study, the approximation theory in a lot 
of environments –for instance, when tendencies are important, non-linear systems 
linearization, the discussion of the algebraic properties of (continuous time and discrete 
time) linear systems, … Those examples allow to follow the student’s progress (formative 
evaluation) and also to discuss his/her development (in the sense of evolution) (additive 
evaluation) from the measurable outcomes (Wolf, 1994; Stake, 2004). 
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5. Result discussion 
 

If nothing is said, the results provided are for the 2007/08’s course. The mean time that a 
student has employed in the Project has been 12.30 (12%)PFCt hours  (in class has been 

3.55 (30%)pt hours  and the self-work 8.75 (70%)npt hours ) (Fig. 9). Fig. 10 is the 

Gantt’s diagram of the Course Project timing during the semester (see Fig. 6). The students 
suggest in the individual reports that the initial project objectives are quite demanding, but 
the final questionnaire show great agreement. 
 
PBL STAGE DOC
SCIENTIFIC METHOD STAGE DOC

OPERATIONAL OBJECTIVE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Presentation of the RCP in the Teacning Planning of the subject
Statement of RCP 1
Information search to find the working model 2
First reorientation of the searching criteria 3
Second reorientation of the searching criteria 4
Definition of the project according to the RCP conditions 5
Designing the solution to be implemented 6 7
Search for a series of experimental data
Analysis of the functional relationship existing between the variables 8
Completing the qualitative analysis of the RCP 9
Anticipation of potential difficulties that may arise 10
Provision of working tools
Solving the problem of RCP 11
Analysis of the consistency of the results 12
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During this time period each student has done 1.24 (2004/05), 2.38 (2005/06) and 1.98 hours 
(2007/08) of help session. The 96.34 % has said that the tutoring session is an important task 
but only the 63 % of the students has used it as a regular activity. 
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Evaluation results are quite interesting (Fig. 11).  A lot of students take the Course Project with 
quite good results, although teams are not big (3 or 4 people per group) and many students 
don’t take the continuous evaluation (the causes are very diverse). There exist significant 
differences in 2004/05 and 2006/07 versus 2005/06 and 2007/08: the first ones correspond to 

 

morning courses (more academic) and the second ones to evening courses (students usually 
are working and they require a more practical treatment).  
 
The students’ opinion is going increasing every year. Results are quite good (Fig. 12) and they 
invite to use the PBL approach. However, these results can be improved, and the students can 
help in such a task. 
 

ITEM POSITIVE ANSWER
OBJECTIVES EXPLANATION 76%
FORMATIVE PROGRAM UNDERSTANDING 68%
COURSE PROJECT COMPETENCES 87%
SUPPLIED INFORMATION 78%
PROFESSOR'S HELP 89%
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GENERAL QUALIFICATION OF THE COURSE PROJECT 88%
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Fig. 12. Results of the 2007/08 student’s opinion questionnaire. 

 
6. Facilitation 
 

When developing a PBL Project course great care must be devoted to the tutoring task, above 
all in the first courses (namely, this is the case where strengthening work in basic sciences is 
called for (Shuman et al., 2005)); namely, focusing on improving the student’s communication 
(Hansen and Jensen, 2004). In this sense, facilitation must develop daily reflection: pre-session 
(to present a focus concerning group dynamics so that facilitative questions should be used to 
start reflection), ordinary supervision session (with timeouts to discuss focus and to play 
diverse roles) and post-session (to facilitate reflections on the focus). Furthermore, facilitation 
implies tutoring and supervision (sometimes, even control –see Figs. 9 and 10) to respond to 
student’s problems in terms of meta-skills.  Several dimensions are taken into account: the 
intellectual dimension, the personal dimension, the social dimension, the practical dimension 
(with several viewpoints: providing support, encouraging independence, developing the 
interpersonal) and assessing research (formative assessment, creativity and originality, 
reliability and validity) (Light and Cox, 2001).  
 
However, the teacher’s role must also be considered from a leadership point of view: from 
hierarchy/autocratic/consultative to autonomy/functional/contractual via cooperation/ 
negotiation/consultative. This implies that the student/teacher relationships ought to include 
six dimensions: the planning dimension (goal-oriented, aims, ends and means), the meaning 
dimension (cognitive understanding of experience), the confronting dimension (raising 
awareness to individual and group resistance), the feeling dimension (addressing emotional 
competence and incompetence), the structuring dimension (methodology of structuring 
experiences) and the valuing dimension (creating a support climate that celebrates 
individuals) (Gregory, 2002; Savin-Baden, 2003; Tosey and Gregory, 2001). Fig. 13 reports some 
of the tasks that are considered during the facilitation process of the Project Course. 
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 ACTIVITY TO ASSESS COMPETENCE APTITUDE FOCUSED QUESTION TO POSE/ 
APPROACH COVERED 

Looking for the best 
information in an 
optimum way  

FA C4 The individualization of the 
LTP: task assignment  

References looked up and 
constructed used 
Time used to do the seeking 

Definition of the open 
problem based on the 
given standards 

AA C4 Student’s proactive 
participation and  implication 

Rigour and precision of the 
approach proposed 
The way in which is declared 
the future implementation of the 
Course Project 
Adequate justification of the 
choice posed 

Role playing in the 
team/group FA C5 

Contribution to the 
cooperative spirit of the 
team/group 

Reasoning about the given role 
playing proposal in the group 
How the group worktable has 
been accomplished? 
Has the group productivity been 
followed? How? Which tools 
have been employed? 

Forecasting of the 
difficulties which could 
come up/arise 

FA C5 Qualitative analysis of the 
solution found out 

How can be interpreted the 
resolution of any linear system 
equation in an approximate 
manner? 
Can be a qualitative analysis of 
the problem made? 

Look for values to settle 
the numeric problem 
down 

FA C4  
Coordination and linking 
with other subjects of the 
degree 

How the chosen data can be 
disposed in order to apply the 
algebraic theory of the syllabus? 

Resolution approach 
and formulation FA C5 Task arrangement 

Which methodology type is 
applied? 
How the work is distributed 
among the group members? 
Is there any concept map about 
the implementation developed? 
A Gannt’s diagram about times 
and role playing has been 
presented? 

Result contrast related 
to the planned outcomes AA C4 

Coherence between the 
obtained results and the 
theory applied 

The results looked for have been 
attained? 
The values obtained, can be 
justified? 

Analysis of the 
difficulties that have 
been encountered 

FA C4 Interesting contributions 

How have been solved the 
encountered difficulties? 
How the resources used have 
been managed? 
A problematic situation will be 
suggested (it will be a direct 
consequence of the project his/ 
her group has worked 

Implementation 
computational costs FA C5 Result contrast 

How the used method cost has 
been measured? 
Is there any cost study? 

Teamwork applied 
methods AA C5 Self-assessment skills 

Quality of the self-assessment 
report presented 
Which values are pointed out by 
his/her group-mates? 

Scientific report of the 
project experience AA C4 

Helping the use of an 
appropriate structure for the 
project approach of the group 

How is used the mathematical 
language and the formal 
relations? How is it reasoned? 

Oral presentation of the 
report AA C5 Coherence of the defence 

presented 
Reasoned justification of the 
report presentation carried out 

Last interview for 
assessment FA C5 

Use of the procedural 
knowledge related to the 
subject 

How does the student answer 
the questions that have been 
posed? 

Attitude in the 
facilitation  and 
tutoring times 

FA C4 

A more emphatic 
relationship between 
undergraduates/students and 
the teaching staff 

Is there a positive attitude in the 
group structure running? 
The group, does it appear open-
minded, active, productive, 
efficient, effective, …? 
A given student, which is the 
position that shows in the 
presence of his/her group-
mates?  

Fig. 13. Some questions that are posed to students along the help/tutoring sessions (FA means 
formative assessment; AA stands for additive assessment). 

 

7. Conclusions 
 

An application tour to a Problem-Based Learning approach has been reported. In contrast to 
other approaches, PBL not only emphasizes the work on the case study, self study and 
knowledge transfer among group members, but also the process of team work and the 
quality of the solution found by the students. With PBL an elaborate concept is presented; 
from the learning targets for our students to the marking all elements are well-coordinated. 
The aim of all the pedagogical efforts is to provide our students with decision-making and 
responsibility for their future vocational field. We analyze the possibilities of a course 
project based on the PBL methodology for teaching problem solving: its strengths and its 
weaknesses are emphasized. In other words, we conceive the possibility of proposing a 
vision for overcoming the teaching methods of problem solving in Science and Engineering, 
which in line with the model of learning as a research-oriented, leads to a methodological 
change in a way that the students arrive to be able to cope more successfully open-statement 
problems, for their educational level. The proposal is not characterized by dramatic changes 
in the structure of the education system but for qualitative changes in the teaching strategies 
used in the classroom, the activities proposed by the students and by the sequencing of 
conceptual and methodological contents. All this involves a series of changes at three levels: 
a) changes in the task, b) changes in the structure of the class, and c) changes in its 
operation. 
 
The resolutions of problems by students accustomed to implement the proposed model, 
features closely the characteristics of the 'scientific work' and increase its effectiveness as 
resolvents. The procedural knowledge involves declarative knowledge specific to the area, 
and at the same time, the acquisition of the declarative knowledge is a process of 
construction that makes implicit or explicit use of procedural knowledge. It is therefore 
reasonable to expect that the further development of those procedures could lead to a more 
comprehensive learning and greater efficiency in the resolution. Since 2002 we have been 
working quite successfully with this student-centered method in our regular curricula and 
the enhancement is everyday in progress:  
 

 Taking on personal responsibility for the learning process, 
 Identifying the significance of previous knowledge, 
 Cross-linking and integrating of learning and teaching contents, 
 Dealing with literature and information, 
 Experiencing, testing and internalizing a method to solve problems, 
 Learning and working in teams, 
 Experiencing and understanding team processes, 
 Reflecting own behaviour in a team, 
 Leading discussions on a high level, and so on. 

 
8. Acknowledgements 
 

The authors are very grateful to the University of the Basque Country for the partial support 
of this work through Project EHU 06/46. 

 

A	Course	Project:	An	Overview	from	the	PBL	“as-Research-Oriented”	Viewpoint 31

 

 ACTIVITY TO ASSESS COMPETENCE APTITUDE FOCUSED QUESTION TO POSE/ 
APPROACH COVERED 

Looking for the best 
information in an 
optimum way  

FA C4 The individualization of the 
LTP: task assignment  

References looked up and 
constructed used 
Time used to do the seeking 

Definition of the open 
problem based on the 
given standards 

AA C4 Student’s proactive 
participation and  implication 

Rigour and precision of the 
approach proposed 
The way in which is declared 
the future implementation of the 
Course Project 
Adequate justification of the 
choice posed 

Role playing in the 
team/group FA C5 

Contribution to the 
cooperative spirit of the 
team/group 

Reasoning about the given role 
playing proposal in the group 
How the group worktable has 
been accomplished? 
Has the group productivity been 
followed? How? Which tools 
have been employed? 

Forecasting of the 
difficulties which could 
come up/arise 

FA C5 Qualitative analysis of the 
solution found out 

How can be interpreted the 
resolution of any linear system 
equation in an approximate 
manner? 
Can be a qualitative analysis of 
the problem made? 

Look for values to settle 
the numeric problem 
down 

FA C4  
Coordination and linking 
with other subjects of the 
degree 

How the chosen data can be 
disposed in order to apply the 
algebraic theory of the syllabus? 

Resolution approach 
and formulation FA C5 Task arrangement 

Which methodology type is 
applied? 
How the work is distributed 
among the group members? 
Is there any concept map about 
the implementation developed? 
A Gannt’s diagram about times 
and role playing has been 
presented? 

Result contrast related 
to the planned outcomes AA C4 

Coherence between the 
obtained results and the 
theory applied 

The results looked for have been 
attained? 
The values obtained, can be 
justified? 

Analysis of the 
difficulties that have 
been encountered 

FA C4 Interesting contributions 

How have been solved the 
encountered difficulties? 
How the resources used have 
been managed? 
A problematic situation will be 
suggested (it will be a direct 
consequence of the project his/ 
her group has worked 

Implementation 
computational costs FA C5 Result contrast 

How the used method cost has 
been measured? 
Is there any cost study? 

Teamwork applied 
methods AA C5 Self-assessment skills 

Quality of the self-assessment 
report presented 
Which values are pointed out by 
his/her group-mates? 

Scientific report of the 
project experience AA C4 

Helping the use of an 
appropriate structure for the 
project approach of the group 

How is used the mathematical 
language and the formal 
relations? How is it reasoned? 

Oral presentation of the 
report AA C5 Coherence of the defence 

presented 
Reasoned justification of the 
report presentation carried out 

Last interview for 
assessment FA C5 

Use of the procedural 
knowledge related to the 
subject 

How does the student answer 
the questions that have been 
posed? 

Attitude in the 
facilitation  and 
tutoring times 

FA C4 

A more emphatic 
relationship between 
undergraduates/students and 
the teaching staff 

Is there a positive attitude in the 
group structure running? 
The group, does it appear open-
minded, active, productive, 
efficient, effective, …? 
A given student, which is the 
position that shows in the 
presence of his/her group-
mates?  

Fig. 13. Some questions that are posed to students along the help/tutoring sessions (FA means 
formative assessment; AA stands for additive assessment). 

 

7. Conclusions 
 

An application tour to a Problem-Based Learning approach has been reported. In contrast to 
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the enhancement is everyday in progress:  
 

 Taking on personal responsibility for the learning process, 
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1. Introduction 
 

The present study was triggered by the alarming decline in the number of students 
interested in scientific or engineering professions evidenced in the past years in Romania 
and throughout Europe. At a time when a technical background becomes very important for 
succeeding in the envisaged knowledge based society, the downward tendency in 
enrolments in Science, Engineering and Technology (SET) programs needs to be addressed 
by extensive studies (Lickl, E., 2007).  
This chapter is an overview of the career choice motivations and of the factors that can be 
beneficial for increasing the future highly qualified and innovative personnel in a dynamic 
economic competition. After a brief overview of the Romanian National Curriculum that 
establishes the educational background, it reports correlation analyses performed on the 
results of a quantitative and qualitative study, aiming to determine the motivating and 
deterring factors for the young generation in choosing a career in science or technology, 
pointing out various factors affecting the decision making regarding professions. As school 
has the most significant influence in framing one’s formation, the curriculum in secondary 
and high schools is linked and analyzed with respect to other important dimensions. This 
research was supported by the European Commission within the FP6 UPDATE project. 
Previous studies have revealed the existence of a "glass ceiling" that prevents women from 
attaining further education and certain positions, even if they are qualified (Etzkowitz, 
Kemelgor and Uzzi, 2002; Götzfried A., 2004). European women researchers are 
underpinning the low-expenditure areas of R&D but are not exercising their fair share of 
control in the high-expenditure area. As a result, there are fewer female players in the fields 
of technology, mathematics, engineering and science (Smith-Doerr, L., 2004; McLoughlin, L. 
2005). European Commission provides recommendations as to „how the talent pool of 
women could be employed more equitably and resourcefully” (EU Commission staff 
working document, 2005). These recommendations include attracting more girls to science 
and engineering to widen the recruitment base. Many reports (EU Commission staff 
working document, 2005; EU report, 2003) point out that SET becomes more and more a 
dedicated territory with sharp gender and age issues. Attracting and retaining qualified 
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students is central, as SET provides essential expertise in the development of the European 
welfare and competitiveness.  
A nowadays society paradox is the obvious fact that the increasing life dependence on 
technologies is followed by an obvious decreasing of young people’s interest for SET. 
Moreover, the feminine component of the potential pool of students and future specialists 
does not match the population structure and society demands (Zoli C., Bhatia S., Davidson 
V.; Rusch K., 2008). Although girls outperform boys at school and more women enter the 
labour market with a university degree than men do, there is overwhelming evidence that 
the education process for girls and young women is a „leaking pipe” in almost each stage 
(EU Commission staff working document, 2005; Götzfried August, 2004). As a result, 
women graduates are significantly under-represented in scientific and engineering 
disciplines (EU report IP/03/110, 2003): although in EU25 half of the tertiary education 
graduates are women, there are more men graduating in S&E than women in every EU 
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in 2002, at the European Council held in Barcelona, as well as the decisions made at the 
European level in the “Bologna process” triggered the reform of the education system in 
Romania (European Training Foundation, 2003).  

 

The current structure of education and initial training system aims at ensuring flexibility 
and openness of individual educational routes (Ranga, L et. al., 2006). The current 
educational model provides for students the opportunity either to attend higher levels of 
education or to enter the labor market (after the 10th grade). 
The Romanian National Curriculum contains (Romanian Ministry of Education and 
research, 2004) a core curriculum (the common set of concepts, principles, course of 
knowledge) comprising the compulsory courses (a 70% weight), and an elective curriculum 
(which differentiates one school from another, since they have complete autonomy in 
choosing classes - a 30% weight). Its courses (the compulsory ones and the elective ones) are 
grouped in 7 curriculum areas, which can be consistently found from the 1st grade until the 
12th grade: Language and communication, Mathematics and natural sciences, Humanities 
and society, Arts, Sports, Technology, Counseling and guidance (Romanian Ministry of 
Education and Research, 2001). 
In the National Curriculum, Technology Education has the following features:  

 It is a part of the curricular area „Technology”, 
 It is a compulsory course, 
 It can be an optional discipline in two cases: either as new curriculum themes from 

the Curriculum compulsory part, either when a new curriculum is developed, 
 It has a multidisciplinary nature: technology education is designed as an integrated 

curriculum (it integrates various concepts from various disciplines, it involves 
various aspects of reality), 

 Its objectives are accomplished primarily through the Technology Education 
course, as well as through other classes, such as physics, mathematics, chemistry, 
biology, 

 It is structured in modules, 
 It advocates a balanced relationship between theory and practice, science and 

technology 
 It does not limit itself just to practical training or early professional choices. 

At the secondary school level, there are 4 general objectives that must be accomplished 
throughout the gymnasium: 1. to understand the implications of technological progress for 
the people, the environment and the society, 2. to develop skills for the design, execution, 
evaluation, use and capitalization of products, 3. to exploit into communication the terms 
and symbols specific to technologies, 4. to develop entrepreneurship and the ability for 
professional orientation. 
The passing from the 5 and 6th grades towards the 7th and 8th grades carries a growth in 
content complexity. New themes are introduced regarding the quality of products and 
services, the entrepreneurial behavior, the environmental and consumer protection. This 
way is supported the next step for the students heading for the technological high schools or 
the arts and crafts schools. 
At the high school level, Technology Education is adapted to the mission and structure of 
the high school, allowing a diversification of the student evolution, in accordance with their 
interests and skills 
The recent restructuring of the pre-university education system, namely the extension from 
8 to 10 years of the compulsory education, includes within the last two years of the 
mandatory schooling one pathway dedicated to the achievement of vocational 
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V.; Rusch K., 2008). Although girls outperform boys at school and more women enter the 
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route, which allows students to continue their studies up to ISCED 3 (International Standard 
Classification of Education) – upper secondary education. The School of Arts and Crafts is 
an alternative to the first two years of high school recently introduced in the structure of the 
compulsory education, which is preparing students for jobs that are based on manual or 
practical activities.   
A consequence of this diversified structure is the existence of a large number of Technology 
Education programs – 25 programs for the year 2007 (as part of the mandatory curriculum). 
If we also take into account the elective curriculum, the number of programs increases 
tremendously. We note the weight that the „Informatics” or „Information and 
Communication Technology” has in all types of high schools. The focus relies especially on 
computer proficiency, image processing techniques, computer assisted documentation, and 
database maintenance systems.  
Analyzing the SET curriculum (Romanian Ministry of Education and research, 2003; 2004) 
and the methodology used in most of the schools, at every educational stage, we were able 
to draw the following conclusions regarding the Sciences and Technology education in 
Romania: 

 The theoretical approach is still dominant despite the official emphasis on the 
practical training; achieving practical skills and building attitude for the 
technological domain are only weakly supported. 

 Technology education contains modules with very heterogeneous themes. This can 
vouch for its advantage to correspond to everyday life’s variety and to form 
practical life skills. The disadvantage of this heterogeneity would be that it can not 
fulfill its interdisciplinary approach, as it develops a kind of a hybrid feature. 

 The specific objectives for these modules require a longer time for 
teaching/learning than the time set by the current curriculum; these modules seem 
to be designed for the stimulus-response learning approach. The quantity of 
knowledge is more important than the formative effects of learning. 

 The psycho-pedagogical component and the technical or science content are not 
truly integrated and are not fully compatible. Regarding the psycho-pedagogical 
part we find a prolix language, with verbal structures that ignore the student age 
and learning features. Some teachers seem to believe that simply using this 
language guarantees the success of learning. Concerning the technical/science 
content, the curriculum proposes boring, obsolete or highly complex topics. It does 
not take advantage of the student experience, it fails to take into account their age 
and interests. The students notice a gap between what they learn and how they 
could actually apply that knowledge in everyday life (how does it help me and 
where can I use it?). 

 The teaching strategies frequently pledge for a linear model of communicating the 
knowledge. These are „doping strategies,” which deliver knowledge as a product, 
creating a passive attitude from the students and which require less effort from the 
trainer. The knowledge as a process approach is less often used. We believe that 
more skills and effort are required from the teachers to increase the student 
participation in the learning process 

 Teachers with very different backgrounds teach technology education during 
gymnasium and high school. An improvement requires coherent training of the 
instructors and an integrated approach based on educational psychology concepts, 

 

in accordance with stage theories of cognitive development and the modern 
methodologies of teaching technical and scientific topics. 

 
3. Fact finding: what is keeping the enrolments in SET low? 
 

The specific Romanian socioeconomic and cultural background requires a distinct, 
personalized approach, based on a rigorous fact finding strategy. A country with an 
interesting intellectual potential (4% of Romanian children are qualified as gifted, with 
respect to an European average of 2% - IRSCA Gifted Education, 2008), Romania still carries 
the historical burden of an excessive and invasive industrialization during the communist 
period, which induced a reticent, even aversive attitude towards „industry and engineers“. 
Under these circumstances, attracting young people for SET studies is a challenge. In the 
same time, failing to recognize and remedy the severe under-representation of women in 
SET, in terms of both access and leadership, has limited the ability to advance of the 
Romanian society. Romania is still lagging, although it has been convincingly argued that 
the SET background allows women increased participation in political, social, and economic 
arenas and supports empowerment for themselves, their families, and their communities 
(Phipps Alison, 2002). 
Supported within the FP6 UPDATE project frame, a complex study was set-up in order to 
point out the occurrence of gender stereotypes that might discourage girls from entering 
science and technology courses and careers.  Starting at early stages, our study searched for 
the factors determining the career choice decision within the family, at school, in the media, 
and in society at large. Our three fold approach, aimed at finding the barriers that might 
prevent the girls from pursuing studies in SET and consisted of an on-line extensive 
questionnaire, semi structured interviews and mix team experimental activities. 

 
3.1 Setting of the study and sampling 
The study took place at the Ovidius University and the “Energetic” Technical High School 
in Constanta, Romania. The first research endeavor, aimed at finding the main factors that 
draw young people towards SET studies, was performed using as research instruments a 38 
item online questionnaire and semi-structured interviews, enhanced with direct 
observations. The survey was addressed both to university students with their major in SET 
fields and to high school students. The two variants of the questionnaire were posted on the 
Ovidius University web site (http://www.dentomis.ro/update/update_eng.php). A 
sample of 257 university students was carefully selected with respect to age, gender, and 
field of study. They were offered laboratory conditions, a friendly web site form and a tutor 
able to offer explanations and help during the completion of the questionnaire. A number of 
106 high school students completed the printed questionnaire under the supervision of a 
member of the UPDATE team together with their class tutor, the responses being 
subsequently entered into the data base for further analysis. In this manner, shallow or 
incorrect answers were reduced to minimum, with a response rate of 92.5 % and an 
estimated error of 5%. 
The two variants of the questionnaire were built in order to fit both target groups in the 
sample: the freshman and sophomore students enrolled at Ovidius University of Constanta 
(in Biosciences, Engineering and Technology major studies) and the seniors enrolled in the 
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database maintenance systems.  
Analyzing the SET curriculum (Romanian Ministry of Education and research, 2003; 2004) 
and the methodology used in most of the schools, at every educational stage, we were able 
to draw the following conclusions regarding the Sciences and Technology education in 
Romania: 

 The theoretical approach is still dominant despite the official emphasis on the 
practical training; achieving practical skills and building attitude for the 
technological domain are only weakly supported. 

 Technology education contains modules with very heterogeneous themes. This can 
vouch for its advantage to correspond to everyday life’s variety and to form 
practical life skills. The disadvantage of this heterogeneity would be that it can not 
fulfill its interdisciplinary approach, as it develops a kind of a hybrid feature. 

 The specific objectives for these modules require a longer time for 
teaching/learning than the time set by the current curriculum; these modules seem 
to be designed for the stimulus-response learning approach. The quantity of 
knowledge is more important than the formative effects of learning. 

 The psycho-pedagogical component and the technical or science content are not 
truly integrated and are not fully compatible. Regarding the psycho-pedagogical 
part we find a prolix language, with verbal structures that ignore the student age 
and learning features. Some teachers seem to believe that simply using this 
language guarantees the success of learning. Concerning the technical/science 
content, the curriculum proposes boring, obsolete or highly complex topics. It does 
not take advantage of the student experience, it fails to take into account their age 
and interests. The students notice a gap between what they learn and how they 
could actually apply that knowledge in everyday life (how does it help me and 
where can I use it?). 

 The teaching strategies frequently pledge for a linear model of communicating the 
knowledge. These are „doping strategies,” which deliver knowledge as a product, 
creating a passive attitude from the students and which require less effort from the 
trainer. The knowledge as a process approach is less often used. We believe that 
more skills and effort are required from the teachers to increase the student 
participation in the learning process 

 Teachers with very different backgrounds teach technology education during 
gymnasium and high school. An improvement requires coherent training of the 
instructors and an integrated approach based on educational psychology concepts, 

 

in accordance with stage theories of cognitive development and the modern 
methodologies of teaching technical and scientific topics. 

 
3. Fact finding: what is keeping the enrolments in SET low? 
 

The specific Romanian socioeconomic and cultural background requires a distinct, 
personalized approach, based on a rigorous fact finding strategy. A country with an 
interesting intellectual potential (4% of Romanian children are qualified as gifted, with 
respect to an European average of 2% - IRSCA Gifted Education, 2008), Romania still carries 
the historical burden of an excessive and invasive industrialization during the communist 
period, which induced a reticent, even aversive attitude towards „industry and engineers“. 
Under these circumstances, attracting young people for SET studies is a challenge. In the 
same time, failing to recognize and remedy the severe under-representation of women in 
SET, in terms of both access and leadership, has limited the ability to advance of the 
Romanian society. Romania is still lagging, although it has been convincingly argued that 
the SET background allows women increased participation in political, social, and economic 
arenas and supports empowerment for themselves, their families, and their communities 
(Phipps Alison, 2002). 
Supported within the FP6 UPDATE project frame, a complex study was set-up in order to 
point out the occurrence of gender stereotypes that might discourage girls from entering 
science and technology courses and careers.  Starting at early stages, our study searched for 
the factors determining the career choice decision within the family, at school, in the media, 
and in society at large. Our three fold approach, aimed at finding the barriers that might 
prevent the girls from pursuing studies in SET and consisted of an on-line extensive 
questionnaire, semi structured interviews and mix team experimental activities. 

 
3.1 Setting of the study and sampling 
The study took place at the Ovidius University and the “Energetic” Technical High School 
in Constanta, Romania. The first research endeavor, aimed at finding the main factors that 
draw young people towards SET studies, was performed using as research instruments a 38 
item online questionnaire and semi-structured interviews, enhanced with direct 
observations. The survey was addressed both to university students with their major in SET 
fields and to high school students. The two variants of the questionnaire were posted on the 
Ovidius University web site (http://www.dentomis.ro/update/update_eng.php). A 
sample of 257 university students was carefully selected with respect to age, gender, and 
field of study. They were offered laboratory conditions, a friendly web site form and a tutor 
able to offer explanations and help during the completion of the questionnaire. A number of 
106 high school students completed the printed questionnaire under the supervision of a 
member of the UPDATE team together with their class tutor, the responses being 
subsequently entered into the data base for further analysis. In this manner, shallow or 
incorrect answers were reduced to minimum, with a response rate of 92.5 % and an 
estimated error of 5%. 
The two variants of the questionnaire were built in order to fit both target groups in the 
sample: the freshman and sophomore students enrolled at Ovidius University of Constanta 
(in Biosciences, Engineering and Technology major studies) and the seniors enrolled in the 
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technical high school.  The descriptive parameters of the university students and the high 
school seniors are (figures 2- 5): 
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231; 89,88%

26; 10,12%
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Fig. 2. Sampling: Provenience of the university students. 
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Fig. 5. Sampling - specialization chosen/targeted by the sample of university students 
 
The questionnaire used mostly the Likert scale, the respondents being asked to indicate the 
amount of agreement or disagreement on a five-point scale. However, the rank-order scale 
was also used. The survey was built on the following psychological dimensions (table 1): 
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was also used. The survey was built on the following psychological dimensions (table 1): 
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The questionnaire used mostly the Likert scale, the respondents being asked to indicate the 
amount of agreement or disagreement on a five-point scale. However, the rank-order scale 
was also used. The survey was built on the following psychological dimensions (table 1): 



New	Achievements	in	Technology,	Education	and	Development40

 

tradition in family intelligence connected to the objects/ persons 
early gender segregation Primary education/ teacher’s attitude 
mentorship and role models the manuals 

self-efficacy middle and secondary education 
the support of significant others time budget 
cognitive styles Changed hierarchies within the choice 
images of science/ engineering intergenerational differences 

Table 1. Psychological dimensions of the quantitative questionnaire. 
We focus here on the analysis of the „middle and secondary education” dimension.   

 
3.2 Data analysis 
With respect to the didactic methodology, the respondents obviously preferred the practical 
exercises. The registry of these methods underlines the students orientation towards the 
active-participative methods and the rejection of too much theory and theoretical exercises 
or passive methods (“preaching”). 
The responses regarding Technical Subjects in gymnasium and high school studied are, in 
general, similar to the previous item, but with lower means. Significant is the fact that, for 
the Technical Subjects, the respondents consider that they benefited from practical 
instruction and mixed team applications/ projects. 
In Technical Subjects the active participative learning methods prevail and „learning by 
doing” is preferred to the passive and excessive theoretical methods. In other words, the 
procedural/ declarative knowledge is well balanced in the curriculum. 
The respondents do not report gender discrimination regarding the didactic methodology 
during their own education (table 2). The issue that emerges and persists after other items 
analysis is the fact that the students are not/ less content with the visits at industrial sites. At 
high education level the subjects realize more and more that the link between the school, 
academic knowledge and „real life” environment is crucial for their professional 
performance. 
 

Analyzed Items (ST) T p Differences 

Male - Male Items 
 
Female - Female Items 

1.447 
 
-1,723 

0,149 
 
0,114 

No 
 
No 

Table 2. T test applied for male/ female on the items referring to the evaluative attitude 
towards knowledge assimilation, problem solving, and interest for SET subjects. 
 
The general curriculum evaluation received good marks, revealed by the close values for the 
means. The Technical Subjects area receives means rounded to/ over 3: IT (M=3, 59), 
technical/ technological (M=3, 44), math (M=3, 35), biology (M=3, 08) and physics (M=2, 
98)/ chemistry (M=2, 95). For the social sciences and humanities the mean scores are lower: 
economy (M=2, 44), psychology (M=2, 60), history (M=2, 78), arts (M=2, 60). The responses 
respect the “real” versus “humanities” paradigm, an enriched paradigm since the subjects 
give better marks for foreign languages (M=3, 74) and physical condition/ sports (M=3, 48). 

 

These seem to be appreciated for the abilities integrated in their future professions 
(communication and kinetic skills). When comes to appreciate the importance and the utility 
of the same disciplines for the formation in the Technical Subjects domains, the SET marks 
are upgraded, while the social sciences and humanities are downgraded. The curriculum 
components correlation in the SET choice for higher education studies are presented in table 
3. 
 

Analyzed Items r p Correlated 

the teaching 
methods used in 
high school and 
gymnasium 

overall contribution of 
secondary education/ the 
gained abilities 

0.5696 <0.0001 Yes 

choosing SET for 
major at high 
education stage 

overall contribution of 
secondary education/ the 
gained abilities 

0.4503 <0.0001 Yes 

choosing SET for 
major at high 
education stage 

analytical thinking said to be 
gained in school 

0.3903 <0.0001 Yes 

Table 3.  Correlation analysis between curriculum components 
 
One of the items required a retrospective evaluation of the Technical Subjects regarding: the 
accessibility/ difficulty, utility, theory/ practice ratio, education facilities, didactic 
methodology, learning time and activity distribution, teaching styles. All the evaluations 
provided relative high means and revealed the importance and the synergy of these aspects 
with the learning environment and curriculum components. A certain discontent is related 
with the excessive theoretical content of the information and with the fact that the „teacher 
encourage mostly the reproductive thinking”. 
The opinions regarding the improvements that may help the Technical Subjects 
learning/apprenticing are conclusive: the students consider that up-to-day lab facilities are a 
must (M=4.26), and would appreciate more practicalities and applications (M=3.97) and 
changes in the teacher-student relationship (M=3.82). 
The students seem to be more content with the scientific rather than pedagogical skills of 
their teachers. In addition, they consider that a broader range of activities (contacts with the 
local economical agents/specialists) would be wholesome (M=3.96 respectively M=3.83, 
which correlates with the 14th item evaluation). Thematic and fun science activities are high 
scored with means 3.76 and 3.60. Of special interest is that the students do not reclaim the 
information overload and consider that the restraint of the thematic is less or not necessary. 
The retrospective evaluation of the learning cycles, with respect of personal formation, gives 
the following hierarchy: primary education (M=3.27), gymnasium (M=3.52), high school 
(M=3.95). The distribution of the answers has a certain gender component.  
The students appreciate the high school studies with its significant subjects for their 
professional formation, while the primary education is the apprentship period, when the 
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Female - Female Items 

1.447 
 
-1,723 

0,149 
 
0,114 

No 
 
No 

Table 2. T test applied for male/ female on the items referring to the evaluative attitude 
towards knowledge assimilation, problem solving, and interest for SET subjects. 
 
The general curriculum evaluation received good marks, revealed by the close values for the 
means. The Technical Subjects area receives means rounded to/ over 3: IT (M=3, 59), 
technical/ technological (M=3, 44), math (M=3, 35), biology (M=3, 08) and physics (M=2, 
98)/ chemistry (M=2, 95). For the social sciences and humanities the mean scores are lower: 
economy (M=2, 44), psychology (M=2, 60), history (M=2, 78), arts (M=2, 60). The responses 
respect the “real” versus “humanities” paradigm, an enriched paradigm since the subjects 
give better marks for foreign languages (M=3, 74) and physical condition/ sports (M=3, 48). 

 

These seem to be appreciated for the abilities integrated in their future professions 
(communication and kinetic skills). When comes to appreciate the importance and the utility 
of the same disciplines for the formation in the Technical Subjects domains, the SET marks 
are upgraded, while the social sciences and humanities are downgraded. The curriculum 
components correlation in the SET choice for higher education studies are presented in table 
3. 
 

Analyzed Items r p Correlated 

the teaching 
methods used in 
high school and 
gymnasium 

overall contribution of 
secondary education/ the 
gained abilities 

0.5696 <0.0001 Yes 

choosing SET for 
major at high 
education stage 

overall contribution of 
secondary education/ the 
gained abilities 

0.4503 <0.0001 Yes 

choosing SET for 
major at high 
education stage 

analytical thinking said to be 
gained in school 

0.3903 <0.0001 Yes 

Table 3.  Correlation analysis between curriculum components 
 
One of the items required a retrospective evaluation of the Technical Subjects regarding: the 
accessibility/ difficulty, utility, theory/ practice ratio, education facilities, didactic 
methodology, learning time and activity distribution, teaching styles. All the evaluations 
provided relative high means and revealed the importance and the synergy of these aspects 
with the learning environment and curriculum components. A certain discontent is related 
with the excessive theoretical content of the information and with the fact that the „teacher 
encourage mostly the reproductive thinking”. 
The opinions regarding the improvements that may help the Technical Subjects 
learning/apprenticing are conclusive: the students consider that up-to-day lab facilities are a 
must (M=4.26), and would appreciate more practicalities and applications (M=3.97) and 
changes in the teacher-student relationship (M=3.82). 
The students seem to be more content with the scientific rather than pedagogical skills of 
their teachers. In addition, they consider that a broader range of activities (contacts with the 
local economical agents/specialists) would be wholesome (M=3.96 respectively M=3.83, 
which correlates with the 14th item evaluation). Thematic and fun science activities are high 
scored with means 3.76 and 3.60. Of special interest is that the students do not reclaim the 
information overload and consider that the restraint of the thematic is less or not necessary. 
The retrospective evaluation of the learning cycles, with respect of personal formation, gives 
the following hierarchy: primary education (M=3.27), gymnasium (M=3.52), high school 
(M=3.95). The distribution of the answers has a certain gender component.  
The students appreciate the high school studies with its significant subjects for their 
professional formation, while the primary education is the apprentship period, when the 
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high education level the subjects realize more and more that the link between the school, 
academic knowledge and „real life” environment is crucial for their professional 
performance. 
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respect the “real” versus “humanities” paradigm, an enriched paradigm since the subjects 
give better marks for foreign languages (M=3, 74) and physical condition/ sports (M=3, 48). 

 

These seem to be appreciated for the abilities integrated in their future professions 
(communication and kinetic skills). When comes to appreciate the importance and the utility 
of the same disciplines for the formation in the Technical Subjects domains, the SET marks 
are upgraded, while the social sciences and humanities are downgraded. The curriculum 
components correlation in the SET choice for higher education studies are presented in table 
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accessibility/ difficulty, utility, theory/ practice ratio, education facilities, didactic 
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provided relative high means and revealed the importance and the synergy of these aspects 
with the learning environment and curriculum components. A certain discontent is related 
with the excessive theoretical content of the information and with the fact that the „teacher 
encourage mostly the reproductive thinking”. 
The opinions regarding the improvements that may help the Technical Subjects 
learning/apprenticing are conclusive: the students consider that up-to-day lab facilities are a 
must (M=4.26), and would appreciate more practicalities and applications (M=3.97) and 
changes in the teacher-student relationship (M=3.82). 
The students seem to be more content with the scientific rather than pedagogical skills of 
their teachers. In addition, they consider that a broader range of activities (contacts with the 
local economical agents/specialists) would be wholesome (M=3.96 respectively M=3.83, 
which correlates with the 14th item evaluation). Thematic and fun science activities are high 
scored with means 3.76 and 3.60. Of special interest is that the students do not reclaim the 
information overload and consider that the restraint of the thematic is less or not necessary. 
The retrospective evaluation of the learning cycles, with respect of personal formation, gives 
the following hierarchy: primary education (M=3.27), gymnasium (M=3.52), high school 
(M=3.95). The distribution of the answers has a certain gender component.  
The students appreciate the high school studies with its significant subjects for their 
professional formation, while the primary education is the apprentship period, when the 
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basic instrumental skills are gained. The contribution of the gymnasium and high school 
disciplines is perceived with the following means, in terms of abilities gained: 
Analytical thinking – M=2,98; Critical thinking – M=2,88; Creative thinking – M=3,33; 
Mathematical/ calculus abilities – M=3,21; Technical abilities – M =3,28; Communication 
abilities – M=3,42; Practical abilities – M=3,41; General knowledge – M=3, 49; Team working 
– M=3,46; Leading abilities – M=2,96; Planning, organizing abilities - M=3,18; The capacity 
to get a job/be employed – M=3,18. 
Overall, there is a favorable perception towards the formative character of the education 
(figure 6). The perception of general knowledge synchronizes with the specialist’s analysis 
of the National Curriculum. The critical thinking score reflects the novelty of this objective 
within the Romanian curriculum. No gender differences were revealed in the evaluative 
attitude, when they were asked to compare themselves with the same group, confirming 
other research results (Bain C. and Rice M., 2007). The motivation for choosing SET 
disciplines as major in high education is intrinsic. The students consider that SET will 
provide them employment.  
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Fig. 6. Education cycles favorable perception within the sample 
 
The overall contribution of secondary education, when comes to the gained abilities, is also 
related to the teaching methods used in high school and gymnasium (r = 0.5696, P<0.0001). 
Comparing the means for male/female samples (t test), no gender differences were revealed 
in the evaluative attitude, when they were asked to compare themselves with the same 
group and the opposite group. The two items (22 and 23) point out the lack of significant 
gender differences regarding the knowledge assimilation and abilities formation for SET (t = 
1,447; p = 0,149   α = 0.01). The motivation for choosing SET disciplines as major in high 
education is intrinsic - „passion for technique and technology” (M=3.42) and vocational - „I 
have aptitudes in the field” (M=3, 57). This item (choosing SET for major at high education 
stage) has significant correlation at the 0.01 level (2-tailed), with the abilities item (r = 0.4503, 
P<0.0001). The analytical thinking said to be gained in school is obvious correlated to this 
choice (r = 0.3903, P<0.0001). 

 

The students also considered that SET will provide them employment. They seem to be well 
informed regarding SET careers (M=3.46), having the Internet as main information source 
(M=3, 47). 

 
3.3 Case studies and interviews (enhanced with the direct observations) 
Two extensive case studies were conducted in order to capture the motivation of the choice 
and deterring factors for choosing a carrier in Science, Engineering or Technology. One 
targeted a young female engineer, successfully integrated in her field of specialization, the 
other a young male accountant. The questions focused on the significant moments in the 
professional evolution, motifs for the career choice, the perception of choice by the close 
entourage and family, university life influence on one’s choice, the studies, personal opinion 
on barriers and future career perception. The respondents were asked to emphasize if there 
were moments when they prioritized other aspects/options of their life against their 
formation as a specialist. In addition, they were required to consider if being a woman/man 
induces a certain behavior attitude towards them and if there are any differences between 
the ways their team mates are treated. 
Four respondents (a female engineer, successful entrepreneur and … potential employer for 
future young specialists, two members of the university teaching staff and one young 
specialist) were interviewed regarding the motivating and discouraging factors influencing 
an SET carrier choice 
The answers revealed that the strong will, hard work and positive attitude for study 
sciences, make a sure recipe for choosing SET as a way of living. The family support is very 
important but not decisive, while the teaching style and methods experienced during 
secondary school and college are crucial for establishing life long relationships with science 
or technology. The teacher’s model is so important that, it can even detract and generate 
repulsive reactions in some students, who often report that they were tempted to quit the 
field due to the extreme preaching style and apparent incapacity of the teachers to sustain a 
vivid scientific debate or to present relevant case studies. Moreover, the lack of 
instrumentation in the labs and the poor correlation between the practical training and the 
skills needed for proper employment have also a strong negative impact on engineering 
career choices. This is why, the respondents who did not choose SET as their field associate 
these areas with a lack of creativity, comparing them with social sciences, which are seen as 
holding a more „tender,“ human load. 
The lack of practical knowledge is one of the most important barriers that prevent a 
manager to employ young specialists, especially girls. Even though they do not make 
arbitrary assessments regarding the aptitudes of female engineers, they do express 
discontent with an observed reluctance towards practical, factory related problems.  

 
3.4 Mix Team Project 
The third research endeavor in the fact-finding quest has been an interactive hands-on 
laboratory activity with high-school students. A group of 10th grade high school students 
enrolled in the “Traian” Theoretical High School were invited to perform team project 
experiments in a Physics Lab of Ovidius University of Constanta, under the supervision of 
senior Ovidius University students in engineering and physics. They conducted attractive 
applicative experiments on alternative energy resources using special experimental kits 
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basic instrumental skills are gained. The contribution of the gymnasium and high school 
disciplines is perceived with the following means, in terms of abilities gained: 
Analytical thinking – M=2,98; Critical thinking – M=2,88; Creative thinking – M=3,33; 
Mathematical/ calculus abilities – M=3,21; Technical abilities – M =3,28; Communication 
abilities – M=3,42; Practical abilities – M=3,41; General knowledge – M=3, 49; Team working 
– M=3,46; Leading abilities – M=2,96; Planning, organizing abilities - M=3,18; The capacity 
to get a job/be employed – M=3,18. 
Overall, there is a favorable perception towards the formative character of the education 
(figure 6). The perception of general knowledge synchronizes with the specialist’s analysis 
of the National Curriculum. The critical thinking score reflects the novelty of this objective 
within the Romanian curriculum. No gender differences were revealed in the evaluative 
attitude, when they were asked to compare themselves with the same group, confirming 
other research results (Bain C. and Rice M., 2007). The motivation for choosing SET 
disciplines as major in high education is intrinsic. The students consider that SET will 
provide them employment.  
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Fig. 6. Education cycles favorable perception within the sample 
 
The overall contribution of secondary education, when comes to the gained abilities, is also 
related to the teaching methods used in high school and gymnasium (r = 0.5696, P<0.0001). 
Comparing the means for male/female samples (t test), no gender differences were revealed 
in the evaluative attitude, when they were asked to compare themselves with the same 
group and the opposite group. The two items (22 and 23) point out the lack of significant 
gender differences regarding the knowledge assimilation and abilities formation for SET (t = 
1,447; p = 0,149   α = 0.01). The motivation for choosing SET disciplines as major in high 
education is intrinsic - „passion for technique and technology” (M=3.42) and vocational - „I 
have aptitudes in the field” (M=3, 57). This item (choosing SET for major at high education 
stage) has significant correlation at the 0.01 level (2-tailed), with the abilities item (r = 0.4503, 
P<0.0001). The analytical thinking said to be gained in school is obvious correlated to this 
choice (r = 0.3903, P<0.0001). 

 

The students also considered that SET will provide them employment. They seem to be well 
informed regarding SET careers (M=3.46), having the Internet as main information source 
(M=3, 47). 

 
3.3 Case studies and interviews (enhanced with the direct observations) 
Two extensive case studies were conducted in order to capture the motivation of the choice 
and deterring factors for choosing a carrier in Science, Engineering or Technology. One 
targeted a young female engineer, successfully integrated in her field of specialization, the 
other a young male accountant. The questions focused on the significant moments in the 
professional evolution, motifs for the career choice, the perception of choice by the close 
entourage and family, university life influence on one’s choice, the studies, personal opinion 
on barriers and future career perception. The respondents were asked to emphasize if there 
were moments when they prioritized other aspects/options of their life against their 
formation as a specialist. In addition, they were required to consider if being a woman/man 
induces a certain behavior attitude towards them and if there are any differences between 
the ways their team mates are treated. 
Four respondents (a female engineer, successful entrepreneur and … potential employer for 
future young specialists, two members of the university teaching staff and one young 
specialist) were interviewed regarding the motivating and discouraging factors influencing 
an SET carrier choice 
The answers revealed that the strong will, hard work and positive attitude for study 
sciences, make a sure recipe for choosing SET as a way of living. The family support is very 
important but not decisive, while the teaching style and methods experienced during 
secondary school and college are crucial for establishing life long relationships with science 
or technology. The teacher’s model is so important that, it can even detract and generate 
repulsive reactions in some students, who often report that they were tempted to quit the 
field due to the extreme preaching style and apparent incapacity of the teachers to sustain a 
vivid scientific debate or to present relevant case studies. Moreover, the lack of 
instrumentation in the labs and the poor correlation between the practical training and the 
skills needed for proper employment have also a strong negative impact on engineering 
career choices. This is why, the respondents who did not choose SET as their field associate 
these areas with a lack of creativity, comparing them with social sciences, which are seen as 
holding a more „tender,“ human load. 
The lack of practical knowledge is one of the most important barriers that prevent a 
manager to employ young specialists, especially girls. Even though they do not make 
arbitrary assessments regarding the aptitudes of female engineers, they do express 
discontent with an observed reluctance towards practical, factory related problems.  

 
3.4 Mix Team Project 
The third research endeavor in the fact-finding quest has been an interactive hands-on 
laboratory activity with high-school students. A group of 10th grade high school students 
enrolled in the “Traian” Theoretical High School were invited to perform team project 
experiments in a Physics Lab of Ovidius University of Constanta, under the supervision of 
senior Ovidius University students in engineering and physics. They conducted attractive 
applicative experiments on alternative energy resources using special experimental kits 
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basic instrumental skills are gained. The contribution of the gymnasium and high school 
disciplines is perceived with the following means, in terms of abilities gained: 
Analytical thinking – M=2,98; Critical thinking – M=2,88; Creative thinking – M=3,33; 
Mathematical/ calculus abilities – M=3,21; Technical abilities – M =3,28; Communication 
abilities – M=3,42; Practical abilities – M=3,41; General knowledge – M=3, 49; Team working 
– M=3,46; Leading abilities – M=2,96; Planning, organizing abilities - M=3,18; The capacity 
to get a job/be employed – M=3,18. 
Overall, there is a favorable perception towards the formative character of the education 
(figure 6). The perception of general knowledge synchronizes with the specialist’s analysis 
of the National Curriculum. The critical thinking score reflects the novelty of this objective 
within the Romanian curriculum. No gender differences were revealed in the evaluative 
attitude, when they were asked to compare themselves with the same group, confirming 
other research results (Bain C. and Rice M., 2007). The motivation for choosing SET 
disciplines as major in high education is intrinsic. The students consider that SET will 
provide them employment.  
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The overall contribution of secondary education, when comes to the gained abilities, is also 
related to the teaching methods used in high school and gymnasium (r = 0.5696, P<0.0001). 
Comparing the means for male/female samples (t test), no gender differences were revealed 
in the evaluative attitude, when they were asked to compare themselves with the same 
group and the opposite group. The two items (22 and 23) point out the lack of significant 
gender differences regarding the knowledge assimilation and abilities formation for SET (t = 
1,447; p = 0,149   α = 0.01). The motivation for choosing SET disciplines as major in high 
education is intrinsic - „passion for technique and technology” (M=3.42) and vocational - „I 
have aptitudes in the field” (M=3, 57). This item (choosing SET for major at high education 
stage) has significant correlation at the 0.01 level (2-tailed), with the abilities item (r = 0.4503, 
P<0.0001). The analytical thinking said to be gained in school is obvious correlated to this 
choice (r = 0.3903, P<0.0001). 

 

The students also considered that SET will provide them employment. They seem to be well 
informed regarding SET careers (M=3.46), having the Internet as main information source 
(M=3, 47). 

 
3.3 Case studies and interviews (enhanced with the direct observations) 
Two extensive case studies were conducted in order to capture the motivation of the choice 
and deterring factors for choosing a carrier in Science, Engineering or Technology. One 
targeted a young female engineer, successfully integrated in her field of specialization, the 
other a young male accountant. The questions focused on the significant moments in the 
professional evolution, motifs for the career choice, the perception of choice by the close 
entourage and family, university life influence on one’s choice, the studies, personal opinion 
on barriers and future career perception. The respondents were asked to emphasize if there 
were moments when they prioritized other aspects/options of their life against their 
formation as a specialist. In addition, they were required to consider if being a woman/man 
induces a certain behavior attitude towards them and if there are any differences between 
the ways their team mates are treated. 
Four respondents (a female engineer, successful entrepreneur and … potential employer for 
future young specialists, two members of the university teaching staff and one young 
specialist) were interviewed regarding the motivating and discouraging factors influencing 
an SET carrier choice 
The answers revealed that the strong will, hard work and positive attitude for study 
sciences, make a sure recipe for choosing SET as a way of living. The family support is very 
important but not decisive, while the teaching style and methods experienced during 
secondary school and college are crucial for establishing life long relationships with science 
or technology. The teacher’s model is so important that, it can even detract and generate 
repulsive reactions in some students, who often report that they were tempted to quit the 
field due to the extreme preaching style and apparent incapacity of the teachers to sustain a 
vivid scientific debate or to present relevant case studies. Moreover, the lack of 
instrumentation in the labs and the poor correlation between the practical training and the 
skills needed for proper employment have also a strong negative impact on engineering 
career choices. This is why, the respondents who did not choose SET as their field associate 
these areas with a lack of creativity, comparing them with social sciences, which are seen as 
holding a more „tender,“ human load. 
The lack of practical knowledge is one of the most important barriers that prevent a 
manager to employ young specialists, especially girls. Even though they do not make 
arbitrary assessments regarding the aptitudes of female engineers, they do express 
discontent with an observed reluctance towards practical, factory related problems.  

 
3.4 Mix Team Project 
The third research endeavor in the fact-finding quest has been an interactive hands-on 
laboratory activity with high-school students. A group of 10th grade high school students 
enrolled in the “Traian” Theoretical High School were invited to perform team project 
experiments in a Physics Lab of Ovidius University of Constanta, under the supervision of 
senior Ovidius University students in engineering and physics. They conducted attractive 
applicative experiments on alternative energy resources using special experimental kits 
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basic instrumental skills are gained. The contribution of the gymnasium and high school 
disciplines is perceived with the following means, in terms of abilities gained: 
Analytical thinking – M=2,98; Critical thinking – M=2,88; Creative thinking – M=3,33; 
Mathematical/ calculus abilities – M=3,21; Technical abilities – M =3,28; Communication 
abilities – M=3,42; Practical abilities – M=3,41; General knowledge – M=3, 49; Team working 
– M=3,46; Leading abilities – M=2,96; Planning, organizing abilities - M=3,18; The capacity 
to get a job/be employed – M=3,18. 
Overall, there is a favorable perception towards the formative character of the education 
(figure 6). The perception of general knowledge synchronizes with the specialist’s analysis 
of the National Curriculum. The critical thinking score reflects the novelty of this objective 
within the Romanian curriculum. No gender differences were revealed in the evaluative 
attitude, when they were asked to compare themselves with the same group, confirming 
other research results (Bain C. and Rice M., 2007). The motivation for choosing SET 
disciplines as major in high education is intrinsic. The students consider that SET will 
provide them employment.  
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Fig. 6. Education cycles favorable perception within the sample 
 
The overall contribution of secondary education, when comes to the gained abilities, is also 
related to the teaching methods used in high school and gymnasium (r = 0.5696, P<0.0001). 
Comparing the means for male/female samples (t test), no gender differences were revealed 
in the evaluative attitude, when they were asked to compare themselves with the same 
group and the opposite group. The two items (22 and 23) point out the lack of significant 
gender differences regarding the knowledge assimilation and abilities formation for SET (t = 
1,447; p = 0,149   α = 0.01). The motivation for choosing SET disciplines as major in high 
education is intrinsic - „passion for technique and technology” (M=3.42) and vocational - „I 
have aptitudes in the field” (M=3, 57). This item (choosing SET for major at high education 
stage) has significant correlation at the 0.01 level (2-tailed), with the abilities item (r = 0.4503, 
P<0.0001). The analytical thinking said to be gained in school is obvious correlated to this 
choice (r = 0.3903, P<0.0001). 

 

The students also considered that SET will provide them employment. They seem to be well 
informed regarding SET careers (M=3.46), having the Internet as main information source 
(M=3, 47). 

 
3.3 Case studies and interviews (enhanced with the direct observations) 
Two extensive case studies were conducted in order to capture the motivation of the choice 
and deterring factors for choosing a carrier in Science, Engineering or Technology. One 
targeted a young female engineer, successfully integrated in her field of specialization, the 
other a young male accountant. The questions focused on the significant moments in the 
professional evolution, motifs for the career choice, the perception of choice by the close 
entourage and family, university life influence on one’s choice, the studies, personal opinion 
on barriers and future career perception. The respondents were asked to emphasize if there 
were moments when they prioritized other aspects/options of their life against their 
formation as a specialist. In addition, they were required to consider if being a woman/man 
induces a certain behavior attitude towards them and if there are any differences between 
the ways their team mates are treated. 
Four respondents (a female engineer, successful entrepreneur and … potential employer for 
future young specialists, two members of the university teaching staff and one young 
specialist) were interviewed regarding the motivating and discouraging factors influencing 
an SET carrier choice 
The answers revealed that the strong will, hard work and positive attitude for study 
sciences, make a sure recipe for choosing SET as a way of living. The family support is very 
important but not decisive, while the teaching style and methods experienced during 
secondary school and college are crucial for establishing life long relationships with science 
or technology. The teacher’s model is so important that, it can even detract and generate 
repulsive reactions in some students, who often report that they were tempted to quit the 
field due to the extreme preaching style and apparent incapacity of the teachers to sustain a 
vivid scientific debate or to present relevant case studies. Moreover, the lack of 
instrumentation in the labs and the poor correlation between the practical training and the 
skills needed for proper employment have also a strong negative impact on engineering 
career choices. This is why, the respondents who did not choose SET as their field associate 
these areas with a lack of creativity, comparing them with social sciences, which are seen as 
holding a more „tender,“ human load. 
The lack of practical knowledge is one of the most important barriers that prevent a 
manager to employ young specialists, especially girls. Even though they do not make 
arbitrary assessments regarding the aptitudes of female engineers, they do express 
discontent with an observed reluctance towards practical, factory related problems.  

 
3.4 Mix Team Project 
The third research endeavor in the fact-finding quest has been an interactive hands-on 
laboratory activity with high-school students. A group of 10th grade high school students 
enrolled in the “Traian” Theoretical High School were invited to perform team project 
experiments in a Physics Lab of Ovidius University of Constanta, under the supervision of 
senior Ovidius University students in engineering and physics. They conducted attractive 
applicative experiments on alternative energy resources using special experimental kits 
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offered by the UPDATE project. The aim of this activity was to detect the primary attitude 
versus since and technology in order to identify motivating and deterring factors for 
choosing further studies or careers in these fields.  
The answers on short surveys offered by the high school students and by the university 
students acting as team leaders, offered a valuable feed back on the actual theoretical 
knowledge and interest towards SET of the participating teenagers. 
The following aspects were thoroughly taken into account for the activity preparation: 

 The high school staff: was approached 6 months prior, in order to build the 
fundamentals of the activity. The level and content of the activity were established, 
in line with the current pupil’s knowledge on the subject. 

 The materials: lab kits on energy and additional supplies, school supplies, were 
prepared for each team. Additionally, each pupil received a portfolio with the 
printed short presentation of the activity, description of the experiments and 
expected result, pretest and final test, basic school supplies. 

 The 5 team leaders: were carefully chosen, out of a group of volunteers having 
some previous teaching experience, based on their pedagogical skills and their 
ability to detect and monitor the psychological responses of the students. They 
prepared the written material, tested the equipment, and structured the short 
presentations/sequence of tasks for each experiment. The student team benefited 
from a prior preparation of the activity, analyzing the learning sequences and their 
succession during the experiment. Their role was to guide the pupils in their group 
before and during the experimental work, providing explanations, answering 
questions, and offering various suggestions, while encouraging critical, 
imaginative thinking among the high school students. 

 The theme: was selected from the physics curriculum at 10th grade „Energy 
sources and conversion”. The topic was structured at a general level, using the 
basic knowledge of energy concepts, energy resources, and conversion principles 
between mechanical, electromagnetic, and electrochemical forms of energy. Static, 
kinetic, transformation representations were expected to be built and used during 
the experiment. Pupils were asked to build wind miniturbines, solar energy 
conversion systems with electrical circuits able to light a bulb. 

The operational objectives were set according to the fact that physics concepts stay at 
different abstractedness level. The generalization process is applied not to singular cases 
but to structures with gradually increasing abstractive level (Piaget, J., 2001 defined it with 
the classic term of reflecting abstractedness). 
One of the main objective was to keep the knowledge and the promotion of cooperative at 
the applicative, experimental level, as the tasks needed the positive interdependency 
between the group member (Pavel Andres et. al., 2007; Melezinek Adolf, 2001). The 
operational objectives in the frame of the theme were set in order to permit connections 
between concepts and representations:  

1. Build a small turbine, turn the palettes with the hair dryer and light a light emitting 
diode (LED), measure the currents. 

2. Turn a small turbine using a small motor and some batteries. 
3. Build a small circuit with a photocell and a LED.  Light the LED using an external 

source of light (sun or lamp). Measure the dependence of the current on the 
distance between the light source and the solar cell, light a LED using some Zn, Cu 

 

bars, wires and lemons. Answer what happens in case of serial connections 
between the lemons?  

The experimental data were recorded by the UPDATE team through direct observations and 
by means of four questionnaires as additional instruments collected from the participants: 

 Two questionnaires were applied to the high school students: Q1 - prior to the 
activity (to collect information on their representation of the profession of 
scientist/engineer and on their prior knowledge in the area).  It included 10 items 
distributed in 3 psychological dimensions: the perception of and attitude towards 
the theoretical knowledge gained in school in the SET area (items 1-4), pre-existing 
representations of some scientific concepts (energy forms and energy conversion) 
(items 5-6), and the representation of the SET professions (items 7-10). Q2, taken 
after the activity, collected data on the general information gained, on the opinion 
regarding experimental activities in general as well as this activity in particular. 

 One questionnaire (Q3) was applied to the university students (the team leaders), 
in order to determine their view of the experiment, of the high school student 
preparation, attitude, involvement and response. 

 One questionnaire (Q4) was given to the SET academic staff and high ranking 
faculty management. 

The analysis of the Q1 data revealed that 82% of the subjects benefited from encouragement 
and positive attitude in the family (through simple practical activities such as toy repair-
88%, bicycle repair -82%, domestic appliances repair -11%). We observed that the chance for 
the teenagers to display their abilities to perform practical tasks increases with their 
integration at the appropriate age specific interest zone.  It is surprising that only 42% of the 
subjects admit that, when they are involved in repairing or other practical activities, they 
actually apply some of the theoretical knowledge acquired in school. This low degree of 
consciousness of the interconnection between practical activities and theoretical concepts 
illustrates the insular character of representations for different knowledge categories in the 
SET curricular area, the gap between notional and procedural knowledge. 
Often, the students limit the causalities to a unidirectional scheme, operate with sequential 
thinking patterns; they don’t manage to take into account several elements and, mostly, 
neglect the interaction effects. All these must be considered as learning obstacles and must 
be addressed with suitable didactically approaches. The learning process in sciences cannot 
be limited to simply providing information and even less to merely transmitting savant 
notions. The issue is to transform the spontaneous connections in a scientifically validated 
direction. In this context it is no surprise that all the teenagers expressed their will to be 
involved in practical activities and applications. 
Prior to any formal education in science, the pupils gain an important amount of 
representations and notions from the direct contact with the environment. Consequently, 
concepts such as force, mass, velocity, energy appear as intrinsic qualities of the objects, 
generating serious distortions in the formation of a correct and coherent system of scientific 
concepts. Therefore, the sources currently easier to be identified in the environment received 
higher frequencies. 
Understanding some of the energy transfer and the energy consumption activities was 
surprisingly difficult for the pupils. Their answers reflect the presence of thinking 
stereotypes. Understanding these notions entails the plan of transformative representations, 
i.e. the specific coordination of images and operations which mutually support. The answers 
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offered by the UPDATE project. The aim of this activity was to detect the primary attitude 
versus since and technology in order to identify motivating and deterring factors for 
choosing further studies or careers in these fields.  
The answers on short surveys offered by the high school students and by the university 
students acting as team leaders, offered a valuable feed back on the actual theoretical 
knowledge and interest towards SET of the participating teenagers. 
The following aspects were thoroughly taken into account for the activity preparation: 

 The high school staff: was approached 6 months prior, in order to build the 
fundamentals of the activity. The level and content of the activity were established, 
in line with the current pupil’s knowledge on the subject. 

 The materials: lab kits on energy and additional supplies, school supplies, were 
prepared for each team. Additionally, each pupil received a portfolio with the 
printed short presentation of the activity, description of the experiments and 
expected result, pretest and final test, basic school supplies. 

 The 5 team leaders: were carefully chosen, out of a group of volunteers having 
some previous teaching experience, based on their pedagogical skills and their 
ability to detect and monitor the psychological responses of the students. They 
prepared the written material, tested the equipment, and structured the short 
presentations/sequence of tasks for each experiment. The student team benefited 
from a prior preparation of the activity, analyzing the learning sequences and their 
succession during the experiment. Their role was to guide the pupils in their group 
before and during the experimental work, providing explanations, answering 
questions, and offering various suggestions, while encouraging critical, 
imaginative thinking among the high school students. 

 The theme: was selected from the physics curriculum at 10th grade „Energy 
sources and conversion”. The topic was structured at a general level, using the 
basic knowledge of energy concepts, energy resources, and conversion principles 
between mechanical, electromagnetic, and electrochemical forms of energy. Static, 
kinetic, transformation representations were expected to be built and used during 
the experiment. Pupils were asked to build wind miniturbines, solar energy 
conversion systems with electrical circuits able to light a bulb. 

The operational objectives were set according to the fact that physics concepts stay at 
different abstractedness level. The generalization process is applied not to singular cases 
but to structures with gradually increasing abstractive level (Piaget, J., 2001 defined it with 
the classic term of reflecting abstractedness). 
One of the main objective was to keep the knowledge and the promotion of cooperative at 
the applicative, experimental level, as the tasks needed the positive interdependency 
between the group member (Pavel Andres et. al., 2007; Melezinek Adolf, 2001). The 
operational objectives in the frame of the theme were set in order to permit connections 
between concepts and representations:  

1. Build a small turbine, turn the palettes with the hair dryer and light a light emitting 
diode (LED), measure the currents. 

2. Turn a small turbine using a small motor and some batteries. 
3. Build a small circuit with a photocell and a LED.  Light the LED using an external 

source of light (sun or lamp). Measure the dependence of the current on the 
distance between the light source and the solar cell, light a LED using some Zn, Cu 

 

bars, wires and lemons. Answer what happens in case of serial connections 
between the lemons?  

The experimental data were recorded by the UPDATE team through direct observations and 
by means of four questionnaires as additional instruments collected from the participants: 

 Two questionnaires were applied to the high school students: Q1 - prior to the 
activity (to collect information on their representation of the profession of 
scientist/engineer and on their prior knowledge in the area).  It included 10 items 
distributed in 3 psychological dimensions: the perception of and attitude towards 
the theoretical knowledge gained in school in the SET area (items 1-4), pre-existing 
representations of some scientific concepts (energy forms and energy conversion) 
(items 5-6), and the representation of the SET professions (items 7-10). Q2, taken 
after the activity, collected data on the general information gained, on the opinion 
regarding experimental activities in general as well as this activity in particular. 

 One questionnaire (Q3) was applied to the university students (the team leaders), 
in order to determine their view of the experiment, of the high school student 
preparation, attitude, involvement and response. 

 One questionnaire (Q4) was given to the SET academic staff and high ranking 
faculty management. 

The analysis of the Q1 data revealed that 82% of the subjects benefited from encouragement 
and positive attitude in the family (through simple practical activities such as toy repair-
88%, bicycle repair -82%, domestic appliances repair -11%). We observed that the chance for 
the teenagers to display their abilities to perform practical tasks increases with their 
integration at the appropriate age specific interest zone.  It is surprising that only 42% of the 
subjects admit that, when they are involved in repairing or other practical activities, they 
actually apply some of the theoretical knowledge acquired in school. This low degree of 
consciousness of the interconnection between practical activities and theoretical concepts 
illustrates the insular character of representations for different knowledge categories in the 
SET curricular area, the gap between notional and procedural knowledge. 
Often, the students limit the causalities to a unidirectional scheme, operate with sequential 
thinking patterns; they don’t manage to take into account several elements and, mostly, 
neglect the interaction effects. All these must be considered as learning obstacles and must 
be addressed with suitable didactically approaches. The learning process in sciences cannot 
be limited to simply providing information and even less to merely transmitting savant 
notions. The issue is to transform the spontaneous connections in a scientifically validated 
direction. In this context it is no surprise that all the teenagers expressed their will to be 
involved in practical activities and applications. 
Prior to any formal education in science, the pupils gain an important amount of 
representations and notions from the direct contact with the environment. Consequently, 
concepts such as force, mass, velocity, energy appear as intrinsic qualities of the objects, 
generating serious distortions in the formation of a correct and coherent system of scientific 
concepts. Therefore, the sources currently easier to be identified in the environment received 
higher frequencies. 
Understanding some of the energy transfer and the energy consumption activities was 
surprisingly difficult for the pupils. Their answers reflect the presence of thinking 
stereotypes. Understanding these notions entails the plan of transformative representations, 
i.e. the specific coordination of images and operations which mutually support. The answers 
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offered by the UPDATE project. The aim of this activity was to detect the primary attitude 
versus since and technology in order to identify motivating and deterring factors for 
choosing further studies or careers in these fields.  
The answers on short surveys offered by the high school students and by the university 
students acting as team leaders, offered a valuable feed back on the actual theoretical 
knowledge and interest towards SET of the participating teenagers. 
The following aspects were thoroughly taken into account for the activity preparation: 

 The high school staff: was approached 6 months prior, in order to build the 
fundamentals of the activity. The level and content of the activity were established, 
in line with the current pupil’s knowledge on the subject. 

 The materials: lab kits on energy and additional supplies, school supplies, were 
prepared for each team. Additionally, each pupil received a portfolio with the 
printed short presentation of the activity, description of the experiments and 
expected result, pretest and final test, basic school supplies. 

 The 5 team leaders: were carefully chosen, out of a group of volunteers having 
some previous teaching experience, based on their pedagogical skills and their 
ability to detect and monitor the psychological responses of the students. They 
prepared the written material, tested the equipment, and structured the short 
presentations/sequence of tasks for each experiment. The student team benefited 
from a prior preparation of the activity, analyzing the learning sequences and their 
succession during the experiment. Their role was to guide the pupils in their group 
before and during the experimental work, providing explanations, answering 
questions, and offering various suggestions, while encouraging critical, 
imaginative thinking among the high school students. 

 The theme: was selected from the physics curriculum at 10th grade „Energy 
sources and conversion”. The topic was structured at a general level, using the 
basic knowledge of energy concepts, energy resources, and conversion principles 
between mechanical, electromagnetic, and electrochemical forms of energy. Static, 
kinetic, transformation representations were expected to be built and used during 
the experiment. Pupils were asked to build wind miniturbines, solar energy 
conversion systems with electrical circuits able to light a bulb. 

The operational objectives were set according to the fact that physics concepts stay at 
different abstractedness level. The generalization process is applied not to singular cases 
but to structures with gradually increasing abstractive level (Piaget, J., 2001 defined it with 
the classic term of reflecting abstractedness). 
One of the main objective was to keep the knowledge and the promotion of cooperative at 
the applicative, experimental level, as the tasks needed the positive interdependency 
between the group member (Pavel Andres et. al., 2007; Melezinek Adolf, 2001). The 
operational objectives in the frame of the theme were set in order to permit connections 
between concepts and representations:  

1. Build a small turbine, turn the palettes with the hair dryer and light a light emitting 
diode (LED), measure the currents. 

2. Turn a small turbine using a small motor and some batteries. 
3. Build a small circuit with a photocell and a LED.  Light the LED using an external 

source of light (sun or lamp). Measure the dependence of the current on the 
distance between the light source and the solar cell, light a LED using some Zn, Cu 

 

bars, wires and lemons. Answer what happens in case of serial connections 
between the lemons?  

The experimental data were recorded by the UPDATE team through direct observations and 
by means of four questionnaires as additional instruments collected from the participants: 

 Two questionnaires were applied to the high school students: Q1 - prior to the 
activity (to collect information on their representation of the profession of 
scientist/engineer and on their prior knowledge in the area).  It included 10 items 
distributed in 3 psychological dimensions: the perception of and attitude towards 
the theoretical knowledge gained in school in the SET area (items 1-4), pre-existing 
representations of some scientific concepts (energy forms and energy conversion) 
(items 5-6), and the representation of the SET professions (items 7-10). Q2, taken 
after the activity, collected data on the general information gained, on the opinion 
regarding experimental activities in general as well as this activity in particular. 

 One questionnaire (Q3) was applied to the university students (the team leaders), 
in order to determine their view of the experiment, of the high school student 
preparation, attitude, involvement and response. 

 One questionnaire (Q4) was given to the SET academic staff and high ranking 
faculty management. 

The analysis of the Q1 data revealed that 82% of the subjects benefited from encouragement 
and positive attitude in the family (through simple practical activities such as toy repair-
88%, bicycle repair -82%, domestic appliances repair -11%). We observed that the chance for 
the teenagers to display their abilities to perform practical tasks increases with their 
integration at the appropriate age specific interest zone.  It is surprising that only 42% of the 
subjects admit that, when they are involved in repairing or other practical activities, they 
actually apply some of the theoretical knowledge acquired in school. This low degree of 
consciousness of the interconnection between practical activities and theoretical concepts 
illustrates the insular character of representations for different knowledge categories in the 
SET curricular area, the gap between notional and procedural knowledge. 
Often, the students limit the causalities to a unidirectional scheme, operate with sequential 
thinking patterns; they don’t manage to take into account several elements and, mostly, 
neglect the interaction effects. All these must be considered as learning obstacles and must 
be addressed with suitable didactically approaches. The learning process in sciences cannot 
be limited to simply providing information and even less to merely transmitting savant 
notions. The issue is to transform the spontaneous connections in a scientifically validated 
direction. In this context it is no surprise that all the teenagers expressed their will to be 
involved in practical activities and applications. 
Prior to any formal education in science, the pupils gain an important amount of 
representations and notions from the direct contact with the environment. Consequently, 
concepts such as force, mass, velocity, energy appear as intrinsic qualities of the objects, 
generating serious distortions in the formation of a correct and coherent system of scientific 
concepts. Therefore, the sources currently easier to be identified in the environment received 
higher frequencies. 
Understanding some of the energy transfer and the energy consumption activities was 
surprisingly difficult for the pupils. Their answers reflect the presence of thinking 
stereotypes. Understanding these notions entails the plan of transformative representations, 
i.e. the specific coordination of images and operations which mutually support. The answers 
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offered by the UPDATE project. The aim of this activity was to detect the primary attitude 
versus since and technology in order to identify motivating and deterring factors for 
choosing further studies or careers in these fields.  
The answers on short surveys offered by the high school students and by the university 
students acting as team leaders, offered a valuable feed back on the actual theoretical 
knowledge and interest towards SET of the participating teenagers. 
The following aspects were thoroughly taken into account for the activity preparation: 

 The high school staff: was approached 6 months prior, in order to build the 
fundamentals of the activity. The level and content of the activity were established, 
in line with the current pupil’s knowledge on the subject. 

 The materials: lab kits on energy and additional supplies, school supplies, were 
prepared for each team. Additionally, each pupil received a portfolio with the 
printed short presentation of the activity, description of the experiments and 
expected result, pretest and final test, basic school supplies. 

 The 5 team leaders: were carefully chosen, out of a group of volunteers having 
some previous teaching experience, based on their pedagogical skills and their 
ability to detect and monitor the psychological responses of the students. They 
prepared the written material, tested the equipment, and structured the short 
presentations/sequence of tasks for each experiment. The student team benefited 
from a prior preparation of the activity, analyzing the learning sequences and their 
succession during the experiment. Their role was to guide the pupils in their group 
before and during the experimental work, providing explanations, answering 
questions, and offering various suggestions, while encouraging critical, 
imaginative thinking among the high school students. 

 The theme: was selected from the physics curriculum at 10th grade „Energy 
sources and conversion”. The topic was structured at a general level, using the 
basic knowledge of energy concepts, energy resources, and conversion principles 
between mechanical, electromagnetic, and electrochemical forms of energy. Static, 
kinetic, transformation representations were expected to be built and used during 
the experiment. Pupils were asked to build wind miniturbines, solar energy 
conversion systems with electrical circuits able to light a bulb. 

The operational objectives were set according to the fact that physics concepts stay at 
different abstractedness level. The generalization process is applied not to singular cases 
but to structures with gradually increasing abstractive level (Piaget, J., 2001 defined it with 
the classic term of reflecting abstractedness). 
One of the main objective was to keep the knowledge and the promotion of cooperative at 
the applicative, experimental level, as the tasks needed the positive interdependency 
between the group member (Pavel Andres et. al., 2007; Melezinek Adolf, 2001). The 
operational objectives in the frame of the theme were set in order to permit connections 
between concepts and representations:  

1. Build a small turbine, turn the palettes with the hair dryer and light a light emitting 
diode (LED), measure the currents. 

2. Turn a small turbine using a small motor and some batteries. 
3. Build a small circuit with a photocell and a LED.  Light the LED using an external 

source of light (sun or lamp). Measure the dependence of the current on the 
distance between the light source and the solar cell, light a LED using some Zn, Cu 

 

bars, wires and lemons. Answer what happens in case of serial connections 
between the lemons?  

The experimental data were recorded by the UPDATE team through direct observations and 
by means of four questionnaires as additional instruments collected from the participants: 

 Two questionnaires were applied to the high school students: Q1 - prior to the 
activity (to collect information on their representation of the profession of 
scientist/engineer and on their prior knowledge in the area).  It included 10 items 
distributed in 3 psychological dimensions: the perception of and attitude towards 
the theoretical knowledge gained in school in the SET area (items 1-4), pre-existing 
representations of some scientific concepts (energy forms and energy conversion) 
(items 5-6), and the representation of the SET professions (items 7-10). Q2, taken 
after the activity, collected data on the general information gained, on the opinion 
regarding experimental activities in general as well as this activity in particular. 

 One questionnaire (Q3) was applied to the university students (the team leaders), 
in order to determine their view of the experiment, of the high school student 
preparation, attitude, involvement and response. 

 One questionnaire (Q4) was given to the SET academic staff and high ranking 
faculty management. 

The analysis of the Q1 data revealed that 82% of the subjects benefited from encouragement 
and positive attitude in the family (through simple practical activities such as toy repair-
88%, bicycle repair -82%, domestic appliances repair -11%). We observed that the chance for 
the teenagers to display their abilities to perform practical tasks increases with their 
integration at the appropriate age specific interest zone.  It is surprising that only 42% of the 
subjects admit that, when they are involved in repairing or other practical activities, they 
actually apply some of the theoretical knowledge acquired in school. This low degree of 
consciousness of the interconnection between practical activities and theoretical concepts 
illustrates the insular character of representations for different knowledge categories in the 
SET curricular area, the gap between notional and procedural knowledge. 
Often, the students limit the causalities to a unidirectional scheme, operate with sequential 
thinking patterns; they don’t manage to take into account several elements and, mostly, 
neglect the interaction effects. All these must be considered as learning obstacles and must 
be addressed with suitable didactically approaches. The learning process in sciences cannot 
be limited to simply providing information and even less to merely transmitting savant 
notions. The issue is to transform the spontaneous connections in a scientifically validated 
direction. In this context it is no surprise that all the teenagers expressed their will to be 
involved in practical activities and applications. 
Prior to any formal education in science, the pupils gain an important amount of 
representations and notions from the direct contact with the environment. Consequently, 
concepts such as force, mass, velocity, energy appear as intrinsic qualities of the objects, 
generating serious distortions in the formation of a correct and coherent system of scientific 
concepts. Therefore, the sources currently easier to be identified in the environment received 
higher frequencies. 
Understanding some of the energy transfer and the energy consumption activities was 
surprisingly difficult for the pupils. Their answers reflect the presence of thinking 
stereotypes. Understanding these notions entails the plan of transformative representations, 
i.e. the specific coordination of images and operations which mutually support. The answers 
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proved that the pupil’s thinking stays within the frame of images, which are unable to 
express the continuity of the transformation. Although images are indispensable, the 
meaning of the transformations and their effects cannot be expressed solely with their help, 
but mostly by using verbal operators. 
The answers to the question „what does, in your opinion, the work of an engineer consist 
of?” reflect that the teenager thinking stays attached to the concrete dimension of living, and 
seldom, to the specific engineering field (IT, chemical, mechanical, electrical, or civil 
engineering, etc.). Engineering is perceived as a wide opening to various other domains, 
viewed mostly as a „verbal tag”: 52% of the pupils consider that an engineer can substitute 
an economist or legal expert but 88% consider that the reverse is not possible. The popular 
belief is that the engineer and the economist hold more chances to accede to key managerial 
positions (52% and 47% respectively). 
Q2 included 5 items and returned larger scores for the attractiveness of the activity, but 
lower for the attitude and professional orientation. This kind of exploration needs more 
time, and is more complex  as the attitude change is a slow process, in numerous stages 
during which many factors need to crystallize. 
Q2 also asked the respondent to formulate a question regarding the theme of the activity 
performed. A rather shy attitude towards inducing/challenging knowledge was revealed by 
the 76% of non-answers and the poor quality of the other 24%. As the comprehension 
validation comes mostly from formulating questions based on the newly acquired 
knowledge, these results may indicate some communication difficulties and understanding 
gaps. 
The question regarding the subjects that might be of interest to the high school students for 
future activities in their school or various other locations, brought a sad truth: the pupils are 
eager to perform practical experiments, they are aware of their value for learning and 
apprehension but this type of activity has almost vanished from the actual syllabus of their 
classes. The young people are aware of some of the current challenges for science and 
engineering and want to know more about them but lack adequate opportunities and 
support to find the answers. 
The question regarding the practical home applications of the phenomena observed during 
the activity revealed the lack of confidence in using acquired knowledge and even the gaps 
in mastering basic science principles. 
Based on the student overall response to the experimental activity we can summarize the 
following positive effects: 

 Positive effects in socio-affective plane: i) the creation of a relaxed learning 
environment, where inhibitions and emotivity can be over passed, the anxiety 
diminished, the fear to fail lowered, ii) the acceptance of other opinions, even if 
they disagree with one’s own, iii) the stimulation of communication and 
interactions, of socialization, iv) the developement of solidarity and team spirit as 
well as of a feeling of emotional security, v) the encouraging of negotiating and 
decision making abilities, vi) the development of positive personality attributes, 
motivation and emulation. 

 Positive effects in the cognitive plane: i) the activation of cognitive and thinking 
capacities, ii) the multiplication of knowledge, iii) the familiarization with various 
thinking patterns, iv) the enhancement of learning abilities due to the 

 

argumentations and „pleading” situations which occurred, v) the raising awareness 
regarding one’s level of understanding with respect to others. 

Q3 was conceived for the team leaders and addressed the evaluation of the high school 
students (in terms of knowledge, abilities, qualities and attitudes) as well as their own 
personal experience. 
The novelty of the experimental activity and the relaxed and friendly working environment 
surprised the high school students, who were initially impressed by the university 
ambience. The good chemistry of the groups, which were allowed to form voluntarily, the 
statements of the students who suggested that the activity would be retained as a positive 
event in their affective memory generated the high scores given by the team leaders when 
judging team-working abilities. 
The team leaders found difficult to capture and keep awake the attention of the students.  
They considered challenging to determine the real level of knowledge in physics of their 
group members and to deal with the knowledge disparities among the teenage participants. 
It was demanding to adapt themselves to the age characteristics and to formulate 
explanations in accessible terms. 
The team leaders complained that the background in applied science of the students is 
vague and imprecise, but reported that the experiments were far more attractive for the 
pupils than abstract theoretical lectures.  The interest of the students in the experiments was 
reported to increase during the activity, as they gradually discovered the fun in making new 
things and finding answers to new, puzzling questions.  The initial reluctance of the 
teenagers was attributed to the insufficient experience in performing practical activities 
during the regular school classes. 
Regarding their personal experience the team leaders mentioned that they had the sentiment 
of responsibility as guides, when interacting with the younger generation, and trying to 
share their knowledge in an appropriate way. 
Q4 aimed to grasp the opinion of university teaching staff regarding the motivating as well 
as deterring factors in choosing SET education paths and careers.  Members of the academic 
staff, of the University Senate and of the managerial boards of various colleges were 
approached and asked the following questions:  
1. What trend do you see in the young generation with respect to choosing a career in 
science, engineering and technology?  2. What do you think are the causes of this trend?  3. 
At what level of the education one must act to stimulate the interest of young people for an 
education or a career in SET? 4. Do you think that there are differences in the way girls and 
boys could be approached when one wants to offer or describe the alternative to study in 
SET? If yes, how can be these differences surpassed?  5. What are, in your opinion, the 
barriers and motivations which make the young people hesitate about choosing to pursue 
an education/a career in SET?  6. What can be done, in your opinion, to stimulate the young 
people to consider further education/ careers in SET?  
Most of the professors considered that the 7th and 8th grades are a good start to promote 
science, but the time for more concentrated efforts is around 10th and 11th grade. All 
noticed the difficult recruiting of SET students and specialists and most attributed the trend 
to the sensitivity of the teenagers to the artificial success models promoted by the Romanian 
media and to the amount of hard work required by such studies. The respondents seemed to 
agree that the society does not encourage enough the SET studies, which continue to bear a 
poor “return to investment” ratio as the rewards in terms of salary and social position 
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proved that the pupil’s thinking stays within the frame of images, which are unable to 
express the continuity of the transformation. Although images are indispensable, the 
meaning of the transformations and their effects cannot be expressed solely with their help, 
but mostly by using verbal operators. 
The answers to the question „what does, in your opinion, the work of an engineer consist 
of?” reflect that the teenager thinking stays attached to the concrete dimension of living, and 
seldom, to the specific engineering field (IT, chemical, mechanical, electrical, or civil 
engineering, etc.). Engineering is perceived as a wide opening to various other domains, 
viewed mostly as a „verbal tag”: 52% of the pupils consider that an engineer can substitute 
an economist or legal expert but 88% consider that the reverse is not possible. The popular 
belief is that the engineer and the economist hold more chances to accede to key managerial 
positions (52% and 47% respectively). 
Q2 included 5 items and returned larger scores for the attractiveness of the activity, but 
lower for the attitude and professional orientation. This kind of exploration needs more 
time, and is more complex  as the attitude change is a slow process, in numerous stages 
during which many factors need to crystallize. 
Q2 also asked the respondent to formulate a question regarding the theme of the activity 
performed. A rather shy attitude towards inducing/challenging knowledge was revealed by 
the 76% of non-answers and the poor quality of the other 24%. As the comprehension 
validation comes mostly from formulating questions based on the newly acquired 
knowledge, these results may indicate some communication difficulties and understanding 
gaps. 
The question regarding the subjects that might be of interest to the high school students for 
future activities in their school or various other locations, brought a sad truth: the pupils are 
eager to perform practical experiments, they are aware of their value for learning and 
apprehension but this type of activity has almost vanished from the actual syllabus of their 
classes. The young people are aware of some of the current challenges for science and 
engineering and want to know more about them but lack adequate opportunities and 
support to find the answers. 
The question regarding the practical home applications of the phenomena observed during 
the activity revealed the lack of confidence in using acquired knowledge and even the gaps 
in mastering basic science principles. 
Based on the student overall response to the experimental activity we can summarize the 
following positive effects: 

 Positive effects in socio-affective plane: i) the creation of a relaxed learning 
environment, where inhibitions and emotivity can be over passed, the anxiety 
diminished, the fear to fail lowered, ii) the acceptance of other opinions, even if 
they disagree with one’s own, iii) the stimulation of communication and 
interactions, of socialization, iv) the developement of solidarity and team spirit as 
well as of a feeling of emotional security, v) the encouraging of negotiating and 
decision making abilities, vi) the development of positive personality attributes, 
motivation and emulation. 

 Positive effects in the cognitive plane: i) the activation of cognitive and thinking 
capacities, ii) the multiplication of knowledge, iii) the familiarization with various 
thinking patterns, iv) the enhancement of learning abilities due to the 

 

argumentations and „pleading” situations which occurred, v) the raising awareness 
regarding one’s level of understanding with respect to others. 

Q3 was conceived for the team leaders and addressed the evaluation of the high school 
students (in terms of knowledge, abilities, qualities and attitudes) as well as their own 
personal experience. 
The novelty of the experimental activity and the relaxed and friendly working environment 
surprised the high school students, who were initially impressed by the university 
ambience. The good chemistry of the groups, which were allowed to form voluntarily, the 
statements of the students who suggested that the activity would be retained as a positive 
event in their affective memory generated the high scores given by the team leaders when 
judging team-working abilities. 
The team leaders found difficult to capture and keep awake the attention of the students.  
They considered challenging to determine the real level of knowledge in physics of their 
group members and to deal with the knowledge disparities among the teenage participants. 
It was demanding to adapt themselves to the age characteristics and to formulate 
explanations in accessible terms. 
The team leaders complained that the background in applied science of the students is 
vague and imprecise, but reported that the experiments were far more attractive for the 
pupils than abstract theoretical lectures.  The interest of the students in the experiments was 
reported to increase during the activity, as they gradually discovered the fun in making new 
things and finding answers to new, puzzling questions.  The initial reluctance of the 
teenagers was attributed to the insufficient experience in performing practical activities 
during the regular school classes. 
Regarding their personal experience the team leaders mentioned that they had the sentiment 
of responsibility as guides, when interacting with the younger generation, and trying to 
share their knowledge in an appropriate way. 
Q4 aimed to grasp the opinion of university teaching staff regarding the motivating as well 
as deterring factors in choosing SET education paths and careers.  Members of the academic 
staff, of the University Senate and of the managerial boards of various colleges were 
approached and asked the following questions:  
1. What trend do you see in the young generation with respect to choosing a career in 
science, engineering and technology?  2. What do you think are the causes of this trend?  3. 
At what level of the education one must act to stimulate the interest of young people for an 
education or a career in SET? 4. Do you think that there are differences in the way girls and 
boys could be approached when one wants to offer or describe the alternative to study in 
SET? If yes, how can be these differences surpassed?  5. What are, in your opinion, the 
barriers and motivations which make the young people hesitate about choosing to pursue 
an education/a career in SET?  6. What can be done, in your opinion, to stimulate the young 
people to consider further education/ careers in SET?  
Most of the professors considered that the 7th and 8th grades are a good start to promote 
science, but the time for more concentrated efforts is around 10th and 11th grade. All 
noticed the difficult recruiting of SET students and specialists and most attributed the trend 
to the sensitivity of the teenagers to the artificial success models promoted by the Romanian 
media and to the amount of hard work required by such studies. The respondents seemed to 
agree that the society does not encourage enough the SET studies, which continue to bear a 
poor “return to investment” ratio as the rewards in terms of salary and social position 
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proved that the pupil’s thinking stays within the frame of images, which are unable to 
express the continuity of the transformation. Although images are indispensable, the 
meaning of the transformations and their effects cannot be expressed solely with their help, 
but mostly by using verbal operators. 
The answers to the question „what does, in your opinion, the work of an engineer consist 
of?” reflect that the teenager thinking stays attached to the concrete dimension of living, and 
seldom, to the specific engineering field (IT, chemical, mechanical, electrical, or civil 
engineering, etc.). Engineering is perceived as a wide opening to various other domains, 
viewed mostly as a „verbal tag”: 52% of the pupils consider that an engineer can substitute 
an economist or legal expert but 88% consider that the reverse is not possible. The popular 
belief is that the engineer and the economist hold more chances to accede to key managerial 
positions (52% and 47% respectively). 
Q2 included 5 items and returned larger scores for the attractiveness of the activity, but 
lower for the attitude and professional orientation. This kind of exploration needs more 
time, and is more complex  as the attitude change is a slow process, in numerous stages 
during which many factors need to crystallize. 
Q2 also asked the respondent to formulate a question regarding the theme of the activity 
performed. A rather shy attitude towards inducing/challenging knowledge was revealed by 
the 76% of non-answers and the poor quality of the other 24%. As the comprehension 
validation comes mostly from formulating questions based on the newly acquired 
knowledge, these results may indicate some communication difficulties and understanding 
gaps. 
The question regarding the subjects that might be of interest to the high school students for 
future activities in their school or various other locations, brought a sad truth: the pupils are 
eager to perform practical experiments, they are aware of their value for learning and 
apprehension but this type of activity has almost vanished from the actual syllabus of their 
classes. The young people are aware of some of the current challenges for science and 
engineering and want to know more about them but lack adequate opportunities and 
support to find the answers. 
The question regarding the practical home applications of the phenomena observed during 
the activity revealed the lack of confidence in using acquired knowledge and even the gaps 
in mastering basic science principles. 
Based on the student overall response to the experimental activity we can summarize the 
following positive effects: 

 Positive effects in socio-affective plane: i) the creation of a relaxed learning 
environment, where inhibitions and emotivity can be over passed, the anxiety 
diminished, the fear to fail lowered, ii) the acceptance of other opinions, even if 
they disagree with one’s own, iii) the stimulation of communication and 
interactions, of socialization, iv) the developement of solidarity and team spirit as 
well as of a feeling of emotional security, v) the encouraging of negotiating and 
decision making abilities, vi) the development of positive personality attributes, 
motivation and emulation. 

 Positive effects in the cognitive plane: i) the activation of cognitive and thinking 
capacities, ii) the multiplication of knowledge, iii) the familiarization with various 
thinking patterns, iv) the enhancement of learning abilities due to the 

 

argumentations and „pleading” situations which occurred, v) the raising awareness 
regarding one’s level of understanding with respect to others. 

Q3 was conceived for the team leaders and addressed the evaluation of the high school 
students (in terms of knowledge, abilities, qualities and attitudes) as well as their own 
personal experience. 
The novelty of the experimental activity and the relaxed and friendly working environment 
surprised the high school students, who were initially impressed by the university 
ambience. The good chemistry of the groups, which were allowed to form voluntarily, the 
statements of the students who suggested that the activity would be retained as a positive 
event in their affective memory generated the high scores given by the team leaders when 
judging team-working abilities. 
The team leaders found difficult to capture and keep awake the attention of the students.  
They considered challenging to determine the real level of knowledge in physics of their 
group members and to deal with the knowledge disparities among the teenage participants. 
It was demanding to adapt themselves to the age characteristics and to formulate 
explanations in accessible terms. 
The team leaders complained that the background in applied science of the students is 
vague and imprecise, but reported that the experiments were far more attractive for the 
pupils than abstract theoretical lectures.  The interest of the students in the experiments was 
reported to increase during the activity, as they gradually discovered the fun in making new 
things and finding answers to new, puzzling questions.  The initial reluctance of the 
teenagers was attributed to the insufficient experience in performing practical activities 
during the regular school classes. 
Regarding their personal experience the team leaders mentioned that they had the sentiment 
of responsibility as guides, when interacting with the younger generation, and trying to 
share their knowledge in an appropriate way. 
Q4 aimed to grasp the opinion of university teaching staff regarding the motivating as well 
as deterring factors in choosing SET education paths and careers.  Members of the academic 
staff, of the University Senate and of the managerial boards of various colleges were 
approached and asked the following questions:  
1. What trend do you see in the young generation with respect to choosing a career in 
science, engineering and technology?  2. What do you think are the causes of this trend?  3. 
At what level of the education one must act to stimulate the interest of young people for an 
education or a career in SET? 4. Do you think that there are differences in the way girls and 
boys could be approached when one wants to offer or describe the alternative to study in 
SET? If yes, how can be these differences surpassed?  5. What are, in your opinion, the 
barriers and motivations which make the young people hesitate about choosing to pursue 
an education/a career in SET?  6. What can be done, in your opinion, to stimulate the young 
people to consider further education/ careers in SET?  
Most of the professors considered that the 7th and 8th grades are a good start to promote 
science, but the time for more concentrated efforts is around 10th and 11th grade. All 
noticed the difficult recruiting of SET students and specialists and most attributed the trend 
to the sensitivity of the teenagers to the artificial success models promoted by the Romanian 
media and to the amount of hard work required by such studies. The respondents seemed to 
agree that the society does not encourage enough the SET studies, which continue to bear a 
poor “return to investment” ratio as the rewards in terms of salary and social position 
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proved that the pupil’s thinking stays within the frame of images, which are unable to 
express the continuity of the transformation. Although images are indispensable, the 
meaning of the transformations and their effects cannot be expressed solely with their help, 
but mostly by using verbal operators. 
The answers to the question „what does, in your opinion, the work of an engineer consist 
of?” reflect that the teenager thinking stays attached to the concrete dimension of living, and 
seldom, to the specific engineering field (IT, chemical, mechanical, electrical, or civil 
engineering, etc.). Engineering is perceived as a wide opening to various other domains, 
viewed mostly as a „verbal tag”: 52% of the pupils consider that an engineer can substitute 
an economist or legal expert but 88% consider that the reverse is not possible. The popular 
belief is that the engineer and the economist hold more chances to accede to key managerial 
positions (52% and 47% respectively). 
Q2 included 5 items and returned larger scores for the attractiveness of the activity, but 
lower for the attitude and professional orientation. This kind of exploration needs more 
time, and is more complex  as the attitude change is a slow process, in numerous stages 
during which many factors need to crystallize. 
Q2 also asked the respondent to formulate a question regarding the theme of the activity 
performed. A rather shy attitude towards inducing/challenging knowledge was revealed by 
the 76% of non-answers and the poor quality of the other 24%. As the comprehension 
validation comes mostly from formulating questions based on the newly acquired 
knowledge, these results may indicate some communication difficulties and understanding 
gaps. 
The question regarding the subjects that might be of interest to the high school students for 
future activities in their school or various other locations, brought a sad truth: the pupils are 
eager to perform practical experiments, they are aware of their value for learning and 
apprehension but this type of activity has almost vanished from the actual syllabus of their 
classes. The young people are aware of some of the current challenges for science and 
engineering and want to know more about them but lack adequate opportunities and 
support to find the answers. 
The question regarding the practical home applications of the phenomena observed during 
the activity revealed the lack of confidence in using acquired knowledge and even the gaps 
in mastering basic science principles. 
Based on the student overall response to the experimental activity we can summarize the 
following positive effects: 

 Positive effects in socio-affective plane: i) the creation of a relaxed learning 
environment, where inhibitions and emotivity can be over passed, the anxiety 
diminished, the fear to fail lowered, ii) the acceptance of other opinions, even if 
they disagree with one’s own, iii) the stimulation of communication and 
interactions, of socialization, iv) the developement of solidarity and team spirit as 
well as of a feeling of emotional security, v) the encouraging of negotiating and 
decision making abilities, vi) the development of positive personality attributes, 
motivation and emulation. 

 Positive effects in the cognitive plane: i) the activation of cognitive and thinking 
capacities, ii) the multiplication of knowledge, iii) the familiarization with various 
thinking patterns, iv) the enhancement of learning abilities due to the 

 

argumentations and „pleading” situations which occurred, v) the raising awareness 
regarding one’s level of understanding with respect to others. 

Q3 was conceived for the team leaders and addressed the evaluation of the high school 
students (in terms of knowledge, abilities, qualities and attitudes) as well as their own 
personal experience. 
The novelty of the experimental activity and the relaxed and friendly working environment 
surprised the high school students, who were initially impressed by the university 
ambience. The good chemistry of the groups, which were allowed to form voluntarily, the 
statements of the students who suggested that the activity would be retained as a positive 
event in their affective memory generated the high scores given by the team leaders when 
judging team-working abilities. 
The team leaders found difficult to capture and keep awake the attention of the students.  
They considered challenging to determine the real level of knowledge in physics of their 
group members and to deal with the knowledge disparities among the teenage participants. 
It was demanding to adapt themselves to the age characteristics and to formulate 
explanations in accessible terms. 
The team leaders complained that the background in applied science of the students is 
vague and imprecise, but reported that the experiments were far more attractive for the 
pupils than abstract theoretical lectures.  The interest of the students in the experiments was 
reported to increase during the activity, as they gradually discovered the fun in making new 
things and finding answers to new, puzzling questions.  The initial reluctance of the 
teenagers was attributed to the insufficient experience in performing practical activities 
during the regular school classes. 
Regarding their personal experience the team leaders mentioned that they had the sentiment 
of responsibility as guides, when interacting with the younger generation, and trying to 
share their knowledge in an appropriate way. 
Q4 aimed to grasp the opinion of university teaching staff regarding the motivating as well 
as deterring factors in choosing SET education paths and careers.  Members of the academic 
staff, of the University Senate and of the managerial boards of various colleges were 
approached and asked the following questions:  
1. What trend do you see in the young generation with respect to choosing a career in 
science, engineering and technology?  2. What do you think are the causes of this trend?  3. 
At what level of the education one must act to stimulate the interest of young people for an 
education or a career in SET? 4. Do you think that there are differences in the way girls and 
boys could be approached when one wants to offer or describe the alternative to study in 
SET? If yes, how can be these differences surpassed?  5. What are, in your opinion, the 
barriers and motivations which make the young people hesitate about choosing to pursue 
an education/a career in SET?  6. What can be done, in your opinion, to stimulate the young 
people to consider further education/ careers in SET?  
Most of the professors considered that the 7th and 8th grades are a good start to promote 
science, but the time for more concentrated efforts is around 10th and 11th grade. All 
noticed the difficult recruiting of SET students and specialists and most attributed the trend 
to the sensitivity of the teenagers to the artificial success models promoted by the Romanian 
media and to the amount of hard work required by such studies. The respondents seemed to 
agree that the society does not encourage enough the SET studies, which continue to bear a 
poor “return to investment” ratio as the rewards in terms of salary and social position 
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hardly match the time and effort consumed. They proposed that a new curricular approach, 
more adapted to the continuous evolution of the society, with more attractive syllabi, 
designed together with potential employers are crucial for improving SET perception. The 
respondents were in agreement that very few young students are aware of the real content 
of the scientific work, and that inappropriate teaching style during the early secondary 
school and throughout high school and even college discourage teenagers from embracing 
scientific or technical careers. A major responsibility lies not just with academia but also 
with the industrial players, who can be more efficient in communicating to the public the 
strong need for well trained specialists in SET. The partnerships between universities and 
employers and between universities and secondary schools are the key for a long needed 
change in the way society perceives scientists and engineers.  

 
4. Conclusions 
 

The extensive study performed in the frame of UPDATE FP6 project permitted to set statistic 
correlations between the dominant factors identified within dimensions. It was emphasized 
that there are important gender differences in the curriculum perception but not in to the self 
perception and attitudes versus SET in secondary education. This reveals that the so called 
gender stereotypes are rather induced and cultivated from outside the SET domain, which 
confirms other research findings (Jenkins Maura; Keim, G., 2004; Sevgi L.  2006). “Protection 
wall” mechanisms and a tendency to “demote” the SET field occur after, in order to justify 
one’s non-SET choices (Maccoby, E., Jacklin, C., 1974). Students that report lower impressions 
of engineering, despite a certain enjoyment of math and science courses, and confidence in 
basic engineering knowledge and skills, usually do not choose SET for further studies and 
carriers. Dropout is induced by a loss of interest in science, feel overloaded by curriculum, and 
perceive the teaching quality as low (confirmed also by OECD workshop summary, 2006 
findings). Students most likely to choose and complete SET degree requirements have success 
in high school math and science, a persistent interest in science, and positive perceptions of 
SET and of the curriculum components, despite the researchers expectation for some strong 
criticism towards the education route (Pavel Andres et. Al. 2007). 
The correlations revealed a strong liaison between the SET methodology and technical abilities 
formation. The results presented pleads that there are still SET clichés  induced by the 
curriculum, that must change, in order to fulfill the different gender expectations, leading to a 
benefic perception of a career in SET arias. Significant is the favorable perception towards the 
curriculum in primary and secondary education stages correlated with the intrinsic motivation 
for the careers in SET. This brings into attention the need to encourage for SET children and 
young people beginning from early stages of their education. 
Overall, the respondents do not report gender discrimination regarding the didactic 
methodology during their own education. They consider that they benefited from practical 
instruction and mix team applications/ projects and that up-to-day lab facilities are a must. 
More practicalities and applications and a broader range of activities (contacts with the local 
economical agents/specialists), attractive thematic and fun science activities are considered 
beneficial, while the pupils would prefer changes in the teacher-student relationship. It is of 
crucial importance to foster inquiry-based science teaching and learning strategies and 
increase science interest and learning. 

 

The mix team projects activity had three folded remarkable effect: (1) Scholar performances: all 
the pupils were interested to succeed; their implication, constant working rhythm, general 
satisfaction concurred for gaining a superior level of work results. (2) The interpersonal 
relationships: profound and more sincere relation among the mates due to the team spirit, 
more flexible communication, acceptance of team leader role in learning process, development 
of more tolerant attitude versus other person’s ideas and behavior. (3) Personal identity plan: 
strengthening the self and self identity, social competences development, efficient 
communication and improving the self image. 
The answers at the questionnaires given suggested that pupils know very few things about 
what science and technology mean, have a distorted idea about some basic knowledge on 
energy but were eager to learn and even proved themselves quick learners when faced with 
the practicalities of their assignments. They declared that they understood better the concepts 
and the content of a scientific experiment and were willing to give more chances to SET 
domain among their further studies choices.  
The conclusions to be drawn are not new (Terry, R. E. and Harb, J. N., 1993): make the science 
classes more attractive, with more illustrative applications! This will bring the science closer to 
the pupil. He/ she will become familiar with the application of "a hard to understand theory" 
and will bring his/her own creativity in practical applications.  
The scientific theories are not built by successive addition of new facts but rather by focusing 
the instructor’s activity on cognitive obstacles that must be overcome. This can be achieved 
during the continuous restructuring of the assimilative schemes and their integration in more 
and more advanced cognitive structures. Too often the students are regarded as “knowledge 
consumers”, and their knowledge are inert, since it is used only to obtain a passing grade, not 
for problem solving. This is to be achieved by recognizing the students “knowledge builder” 
status. The mix team activity engaged a cognitive effort in a stimulating relational, cooperative 
climate.  
It appears that changing the one’s aptitudes, the attitude towards science and technology will 
be as well changed. This will be in the benefit of Science, Engineering or Technology enrolled 
students number. 
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hardly match the time and effort consumed. They proposed that a new curricular approach, 
more adapted to the continuous evolution of the society, with more attractive syllabi, 
designed together with potential employers are crucial for improving SET perception. The 
respondents were in agreement that very few young students are aware of the real content 
of the scientific work, and that inappropriate teaching style during the early secondary 
school and throughout high school and even college discourage teenagers from embracing 
scientific or technical careers. A major responsibility lies not just with academia but also 
with the industrial players, who can be more efficient in communicating to the public the 
strong need for well trained specialists in SET. The partnerships between universities and 
employers and between universities and secondary schools are the key for a long needed 
change in the way society perceives scientists and engineers.  

 
4. Conclusions 
 

The extensive study performed in the frame of UPDATE FP6 project permitted to set statistic 
correlations between the dominant factors identified within dimensions. It was emphasized 
that there are important gender differences in the curriculum perception but not in to the self 
perception and attitudes versus SET in secondary education. This reveals that the so called 
gender stereotypes are rather induced and cultivated from outside the SET domain, which 
confirms other research findings (Jenkins Maura; Keim, G., 2004; Sevgi L.  2006). “Protection 
wall” mechanisms and a tendency to “demote” the SET field occur after, in order to justify 
one’s non-SET choices (Maccoby, E., Jacklin, C., 1974). Students that report lower impressions 
of engineering, despite a certain enjoyment of math and science courses, and confidence in 
basic engineering knowledge and skills, usually do not choose SET for further studies and 
carriers. Dropout is induced by a loss of interest in science, feel overloaded by curriculum, and 
perceive the teaching quality as low (confirmed also by OECD workshop summary, 2006 
findings). Students most likely to choose and complete SET degree requirements have success 
in high school math and science, a persistent interest in science, and positive perceptions of 
SET and of the curriculum components, despite the researchers expectation for some strong 
criticism towards the education route (Pavel Andres et. Al. 2007). 
The correlations revealed a strong liaison between the SET methodology and technical abilities 
formation. The results presented pleads that there are still SET clichés  induced by the 
curriculum, that must change, in order to fulfill the different gender expectations, leading to a 
benefic perception of a career in SET arias. Significant is the favorable perception towards the 
curriculum in primary and secondary education stages correlated with the intrinsic motivation 
for the careers in SET. This brings into attention the need to encourage for SET children and 
young people beginning from early stages of their education. 
Overall, the respondents do not report gender discrimination regarding the didactic 
methodology during their own education. They consider that they benefited from practical 
instruction and mix team applications/ projects and that up-to-day lab facilities are a must. 
More practicalities and applications and a broader range of activities (contacts with the local 
economical agents/specialists), attractive thematic and fun science activities are considered 
beneficial, while the pupils would prefer changes in the teacher-student relationship. It is of 
crucial importance to foster inquiry-based science teaching and learning strategies and 
increase science interest and learning. 

 

The mix team projects activity had three folded remarkable effect: (1) Scholar performances: all 
the pupils were interested to succeed; their implication, constant working rhythm, general 
satisfaction concurred for gaining a superior level of work results. (2) The interpersonal 
relationships: profound and more sincere relation among the mates due to the team spirit, 
more flexible communication, acceptance of team leader role in learning process, development 
of more tolerant attitude versus other person’s ideas and behavior. (3) Personal identity plan: 
strengthening the self and self identity, social competences development, efficient 
communication and improving the self image. 
The answers at the questionnaires given suggested that pupils know very few things about 
what science and technology mean, have a distorted idea about some basic knowledge on 
energy but were eager to learn and even proved themselves quick learners when faced with 
the practicalities of their assignments. They declared that they understood better the concepts 
and the content of a scientific experiment and were willing to give more chances to SET 
domain among their further studies choices.  
The conclusions to be drawn are not new (Terry, R. E. and Harb, J. N., 1993): make the science 
classes more attractive, with more illustrative applications! This will bring the science closer to 
the pupil. He/ she will become familiar with the application of "a hard to understand theory" 
and will bring his/her own creativity in practical applications.  
The scientific theories are not built by successive addition of new facts but rather by focusing 
the instructor’s activity on cognitive obstacles that must be overcome. This can be achieved 
during the continuous restructuring of the assimilative schemes and their integration in more 
and more advanced cognitive structures. Too often the students are regarded as “knowledge 
consumers”, and their knowledge are inert, since it is used only to obtain a passing grade, not 
for problem solving. This is to be achieved by recognizing the students “knowledge builder” 
status. The mix team activity engaged a cognitive effort in a stimulating relational, cooperative 
climate.  
It appears that changing the one’s aptitudes, the attitude towards science and technology will 
be as well changed. This will be in the benefit of Science, Engineering or Technology enrolled 
students number. 
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hardly match the time and effort consumed. They proposed that a new curricular approach, 
more adapted to the continuous evolution of the society, with more attractive syllabi, 
designed together with potential employers are crucial for improving SET perception. The 
respondents were in agreement that very few young students are aware of the real content 
of the scientific work, and that inappropriate teaching style during the early secondary 
school and throughout high school and even college discourage teenagers from embracing 
scientific or technical careers. A major responsibility lies not just with academia but also 
with the industrial players, who can be more efficient in communicating to the public the 
strong need for well trained specialists in SET. The partnerships between universities and 
employers and between universities and secondary schools are the key for a long needed 
change in the way society perceives scientists and engineers.  

 
4. Conclusions 
 

The extensive study performed in the frame of UPDATE FP6 project permitted to set statistic 
correlations between the dominant factors identified within dimensions. It was emphasized 
that there are important gender differences in the curriculum perception but not in to the self 
perception and attitudes versus SET in secondary education. This reveals that the so called 
gender stereotypes are rather induced and cultivated from outside the SET domain, which 
confirms other research findings (Jenkins Maura; Keim, G., 2004; Sevgi L.  2006). “Protection 
wall” mechanisms and a tendency to “demote” the SET field occur after, in order to justify 
one’s non-SET choices (Maccoby, E., Jacklin, C., 1974). Students that report lower impressions 
of engineering, despite a certain enjoyment of math and science courses, and confidence in 
basic engineering knowledge and skills, usually do not choose SET for further studies and 
carriers. Dropout is induced by a loss of interest in science, feel overloaded by curriculum, and 
perceive the teaching quality as low (confirmed also by OECD workshop summary, 2006 
findings). Students most likely to choose and complete SET degree requirements have success 
in high school math and science, a persistent interest in science, and positive perceptions of 
SET and of the curriculum components, despite the researchers expectation for some strong 
criticism towards the education route (Pavel Andres et. Al. 2007). 
The correlations revealed a strong liaison between the SET methodology and technical abilities 
formation. The results presented pleads that there are still SET clichés  induced by the 
curriculum, that must change, in order to fulfill the different gender expectations, leading to a 
benefic perception of a career in SET arias. Significant is the favorable perception towards the 
curriculum in primary and secondary education stages correlated with the intrinsic motivation 
for the careers in SET. This brings into attention the need to encourage for SET children and 
young people beginning from early stages of their education. 
Overall, the respondents do not report gender discrimination regarding the didactic 
methodology during their own education. They consider that they benefited from practical 
instruction and mix team applications/ projects and that up-to-day lab facilities are a must. 
More practicalities and applications and a broader range of activities (contacts with the local 
economical agents/specialists), attractive thematic and fun science activities are considered 
beneficial, while the pupils would prefer changes in the teacher-student relationship. It is of 
crucial importance to foster inquiry-based science teaching and learning strategies and 
increase science interest and learning. 

 

The mix team projects activity had three folded remarkable effect: (1) Scholar performances: all 
the pupils were interested to succeed; their implication, constant working rhythm, general 
satisfaction concurred for gaining a superior level of work results. (2) The interpersonal 
relationships: profound and more sincere relation among the mates due to the team spirit, 
more flexible communication, acceptance of team leader role in learning process, development 
of more tolerant attitude versus other person’s ideas and behavior. (3) Personal identity plan: 
strengthening the self and self identity, social competences development, efficient 
communication and improving the self image. 
The answers at the questionnaires given suggested that pupils know very few things about 
what science and technology mean, have a distorted idea about some basic knowledge on 
energy but were eager to learn and even proved themselves quick learners when faced with 
the practicalities of their assignments. They declared that they understood better the concepts 
and the content of a scientific experiment and were willing to give more chances to SET 
domain among their further studies choices.  
The conclusions to be drawn are not new (Terry, R. E. and Harb, J. N., 1993): make the science 
classes more attractive, with more illustrative applications! This will bring the science closer to 
the pupil. He/ she will become familiar with the application of "a hard to understand theory" 
and will bring his/her own creativity in practical applications.  
The scientific theories are not built by successive addition of new facts but rather by focusing 
the instructor’s activity on cognitive obstacles that must be overcome. This can be achieved 
during the continuous restructuring of the assimilative schemes and their integration in more 
and more advanced cognitive structures. Too often the students are regarded as “knowledge 
consumers”, and their knowledge are inert, since it is used only to obtain a passing grade, not 
for problem solving. This is to be achieved by recognizing the students “knowledge builder” 
status. The mix team activity engaged a cognitive effort in a stimulating relational, cooperative 
climate.  
It appears that changing the one’s aptitudes, the attitude towards science and technology will 
be as well changed. This will be in the benefit of Science, Engineering or Technology enrolled 
students number. 
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1. Introduction 
 

The consideration of the Internet in tourism promotion and development and its impact on 
strategically managing tourism destinations has only recently emerged as a serious area of 
research (Visser, 2004). The European Commission, Enterprise Directorate General, has 
published the e-Business W@tch, which monitors the growing maturity of electronic 
business across 10 sectors of the European Union (EU) economy. The e-Business W@tch 2004 
results show that with about 8 million people employed, the tourism sector is one of the 
faster growing sectors in the European economy. The tourism sector has been the forerunner 
in using Information and Communication Technology (ICT) networks, and e-commerce is 
exerting a huge impact on the sector. European enterprises in consumer-orientated service 
sectors, such as the tourism sector, are focusing more on customer facing e-business 
functions. The tourism sector is indicated as one of the leading sectors in marketing and 
selling online (sell-side e-commerce) and is therefore considered to use ICT, the Internet in 
particular, for very specific purposes. The tourism sector is indicated as the one sector that 
has experienced the strongest impact of the Internet. Tourism suppliers have been exploring 
new ways to expand their channels of distribution to reach target travellers in more efficient 
and effective ways (European Commission, 2004). These findings have direct implication for 
managing tourism e-business in the SADC region, a long haul destination, which 
traditionally sources a major part of its international (ex-Africa) tourism business from the 
EU. Studies such as those by Warden & Williams (2003), Anckar & Walden (2001), Collins et 
al (2003), Gulledge (2000), Buhalis & Main (1998), Lubbe (2002), Alford (1999), Connolly, 
Olsen & Moore (1998), Blackburn & Athayde (2000), and, Grattan, Brown &  Horgan (1998), 
amongst others, indicate that the use of ICT in the tourism and hospitality industry is 
increasing; and, for sustainability in this sector, there will need to be an increasing demand 
for staff who are competent  in adapting, implementing and managing ICT as part of their 
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selling online (sell-side e-commerce) and is therefore considered to use ICT, the Internet in 
particular, for very specific purposes. The tourism sector is indicated as the one sector that 
has experienced the strongest impact of the Internet. Tourism suppliers have been exploring 
new ways to expand their channels of distribution to reach target travellers in more efficient 
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EU. Studies such as those by Warden & Williams (2003), Anckar & Walden (2001), Collins et 
al (2003), Gulledge (2000), Buhalis & Main (1998), Lubbe (2002), Alford (1999), Connolly, 
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normal business activities. Visser (2004), Byron & Gagliardi (2005) and Katz (1998) however 
emphasize that notwithstanding significant interest in these research developments, 
developing economies have been largely excluded from such research. It is noted with 
concern that that there is a digital divide between the industrial countries of the North and 
the developing economies of the South. In particular, Africa is perceived to be the most 
vulnerable to such digital marginalisation. 

 
1.1 E-learning (electronic learning or on-line learning) in developing economies 
Higher education – locally, regionally and globally – is undisputedly both in transition and 
under pressure. Czerniewicz et al (2006) indicate that there has been an increased interest in 
technology in many higher education institutions, particularly in South Africa, since 2000. 
The most common reason being that universities are refocusing their positions in the global 
economies and in the redefined local landscapes. There is consensus that universities need 
to play a meaningful role towards the development of knowledge societies with such 
societies requiring a support infrastructure in the form of people with knowledge, skills and 
abilities to deliver e-commerce. It further requires the reformulation of the nature of 
learning and what is required of a graduate. 
Training of the tourism and hospitality labour force is a key component of some of the 
Governments’ (for example, South African) competitiveness policies and is reflected in 
initiatives to improve national productivity. Much of the Africa remains under-developed 
and poverty stricken where famine and civil war make universal basic education an 
unfulfilled dream. In such conditions e-learning needs to find a place, according to Lelliott, 
Pendlebury & Enslin (2002).  Patterns of exclusion and inclusion, empowerment and 
disempowerment have differentiated the developing countries from their developed 
counterparts say Lelliott et al (2002) and, in the patterns of educational provision and styles 
of teaching and learning.  Article 6 of the SADC Protocol on Tourism (1998) underscores the 
SADC endeavour to evolve a common education policy with regard to tourism to 
coordinate and harmonize training at tourism educational institutions, and to ensure that 
tourism training standards are harmonized in different parts of the SADC region to 
complement one another.  
The prevailing, although debated, view is that Africa, along with the rest of the developing 
world, needs wider access to the Internet if it is to compete in the global economy. In places 
where books and qualified teachers are scarce, the Internet may have the capacity to provide 
learning resources where there were none and provide access to high quality educational 
programmes. Tertiary institutions throughout SADC compete with each other through 
technology, seeking to attract distant new markets. This results in the need to adapt 
innovative, cheaper approaches to provide education for growing numbers of learners. 
Byron & Gagliardi (2005) provide a further insight as to why the Internet has, yet, not been 
fully exploited for its developmental value in a number of developing economies: 
 Cost factors: the Internet is considered to be a very expensive resource, even in 
developed economies; maintenance costs, due to the rapid evolution of ICT requires 
constant upgrading of equipment and facilities; the cost of on-line charges for the use of the 
Internet is high unless it is subsidized by Governments or private institutions; and, the wide 
disparities between rural and urban areas in regard to basic telephone infrastructure and the 
quality thereof.  

 

 Professional Competence: educating the educators is considered the most 
important factor in ensuring the successful use of the Internet in higher education as in 
many instances this factor is overlooked or underestimated in the development initiatives 
for introducing the Internet with the result that such projects fail or are never developed to 
their full potential. Training is costly but also requires being on-going and regularly 
updated to meet the ever new demands posed by evolving ICT technologies.  
 Educator attitudes: Educators seem to resist the introduction of e-learning for a 
number of reasons, including their unfamiliarity with the technologies, the additional time 
and effort necessary for their effective use and the possible notion that e-learning pose a 
threat to their professional role and image 
 Language and cultural issues: it is claimed that the “almost complete dominance of 
English over other languages in the computer field” is one of the principal obstacles to the 
widespread use of computer technologies in education in developing economies, in 
particular. This linguistic and cultural dominance continues to be a serious barrier for non-
English speaking countries wishing to integrate e-learning into their tourism curricula. 
Some governments may even oppose the use of e-leaning in the formal education system for 
fear of its potential for “cultural colonization”. 
 Lack of technical expertise: developing economies, in general, lack technical 
expertise in this domain at all levels. The limited resources of such economies usually imply 
that they have neither the local capacity to develop the necessary human recourses in this 
field nor the means to attract highly skilled and expensive experts from abroad. Many 
developing countries, such as South Africa, which succeed in training personnel, lose them 
to more highly paid employers abroad. 
 Lack of information: In the case of developing countries there is a lack of two 
categories of information to educational decision-makers and practitioners – information 
about the role and value of e-learning in higher education, and, more specific information 
relating to available hardware and software and how to use it in curricula.  
 Lack of centralized, coordinated administration: the success introduction of e-
learning in higher education is dependent on the support of education authorities not 
merely at the national level but also in terms of local administration. 
It is however noted by Czerniewicz et al (2006) that in South Africa some universities have 
had e-learning strategies in place as long ago as the late 1990s. Such strategies were part of 
institution-wide initiatives at the universities of Stellenbosch and Pretoria. For most other 
South African institutions, polices and strategies have only been put in place in the last few 
years, but, with some institutions having no evidence of any e-learning polices being in 
place at all. Czerniewicz et al (2006) found that in the case of South African universities the 
key drivers for an increasing interest in e-learning was: individual academic staff (in the 
form of champions), senior leadership (either formally or informally), and students. 

 
1.2 E-learning and tourism and hospitality higher education 
Developments in ICT, particularly the popularity of the Internet, have forced organisations 
in the tourism and hospitality industry to appraise their use of technology in managing their 
business (Namaivayam, Enz & Siguaw, 2000). The digital revolution has emphasized 
innovation, new business models, new ways of organising work as well as learning (Collins, 
Buhalis & Peters, 2003). Consequently, the use of the Internet in tourism and hospitality 
education can help SADC educators meet the challenges of globalization by establishing 
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normal business activities. Visser (2004), Byron & Gagliardi (2005) and Katz (1998) however 
emphasize that notwithstanding significant interest in these research developments, 
developing economies have been largely excluded from such research. It is noted with 
concern that that there is a digital divide between the industrial countries of the North and 
the developing economies of the South. In particular, Africa is perceived to be the most 
vulnerable to such digital marginalisation. 

 
1.1 E-learning (electronic learning or on-line learning) in developing economies 
Higher education – locally, regionally and globally – is undisputedly both in transition and 
under pressure. Czerniewicz et al (2006) indicate that there has been an increased interest in 
technology in many higher education institutions, particularly in South Africa, since 2000. 
The most common reason being that universities are refocusing their positions in the global 
economies and in the redefined local landscapes. There is consensus that universities need 
to play a meaningful role towards the development of knowledge societies with such 
societies requiring a support infrastructure in the form of people with knowledge, skills and 
abilities to deliver e-commerce. It further requires the reformulation of the nature of 
learning and what is required of a graduate. 
Training of the tourism and hospitality labour force is a key component of some of the 
Governments’ (for example, South African) competitiveness policies and is reflected in 
initiatives to improve national productivity. Much of the Africa remains under-developed 
and poverty stricken where famine and civil war make universal basic education an 
unfulfilled dream. In such conditions e-learning needs to find a place, according to Lelliott, 
Pendlebury & Enslin (2002).  Patterns of exclusion and inclusion, empowerment and 
disempowerment have differentiated the developing countries from their developed 
counterparts say Lelliott et al (2002) and, in the patterns of educational provision and styles 
of teaching and learning.  Article 6 of the SADC Protocol on Tourism (1998) underscores the 
SADC endeavour to evolve a common education policy with regard to tourism to 
coordinate and harmonize training at tourism educational institutions, and to ensure that 
tourism training standards are harmonized in different parts of the SADC region to 
complement one another.  
The prevailing, although debated, view is that Africa, along with the rest of the developing 
world, needs wider access to the Internet if it is to compete in the global economy. In places 
where books and qualified teachers are scarce, the Internet may have the capacity to provide 
learning resources where there were none and provide access to high quality educational 
programmes. Tertiary institutions throughout SADC compete with each other through 
technology, seeking to attract distant new markets. This results in the need to adapt 
innovative, cheaper approaches to provide education for growing numbers of learners. 
Byron & Gagliardi (2005) provide a further insight as to why the Internet has, yet, not been 
fully exploited for its developmental value in a number of developing economies: 
 Cost factors: the Internet is considered to be a very expensive resource, even in 
developed economies; maintenance costs, due to the rapid evolution of ICT requires 
constant upgrading of equipment and facilities; the cost of on-line charges for the use of the 
Internet is high unless it is subsidized by Governments or private institutions; and, the wide 
disparities between rural and urban areas in regard to basic telephone infrastructure and the 
quality thereof.  

 

 Professional Competence: educating the educators is considered the most 
important factor in ensuring the successful use of the Internet in higher education as in 
many instances this factor is overlooked or underestimated in the development initiatives 
for introducing the Internet with the result that such projects fail or are never developed to 
their full potential. Training is costly but also requires being on-going and regularly 
updated to meet the ever new demands posed by evolving ICT technologies.  
 Educator attitudes: Educators seem to resist the introduction of e-learning for a 
number of reasons, including their unfamiliarity with the technologies, the additional time 
and effort necessary for their effective use and the possible notion that e-learning pose a 
threat to their professional role and image 
 Language and cultural issues: it is claimed that the “almost complete dominance of 
English over other languages in the computer field” is one of the principal obstacles to the 
widespread use of computer technologies in education in developing economies, in 
particular. This linguistic and cultural dominance continues to be a serious barrier for non-
English speaking countries wishing to integrate e-learning into their tourism curricula. 
Some governments may even oppose the use of e-leaning in the formal education system for 
fear of its potential for “cultural colonization”. 
 Lack of technical expertise: developing economies, in general, lack technical 
expertise in this domain at all levels. The limited resources of such economies usually imply 
that they have neither the local capacity to develop the necessary human recourses in this 
field nor the means to attract highly skilled and expensive experts from abroad. Many 
developing countries, such as South Africa, which succeed in training personnel, lose them 
to more highly paid employers abroad. 
 Lack of information: In the case of developing countries there is a lack of two 
categories of information to educational decision-makers and practitioners – information 
about the role and value of e-learning in higher education, and, more specific information 
relating to available hardware and software and how to use it in curricula.  
 Lack of centralized, coordinated administration: the success introduction of e-
learning in higher education is dependent on the support of education authorities not 
merely at the national level but also in terms of local administration. 
It is however noted by Czerniewicz et al (2006) that in South Africa some universities have 
had e-learning strategies in place as long ago as the late 1990s. Such strategies were part of 
institution-wide initiatives at the universities of Stellenbosch and Pretoria. For most other 
South African institutions, polices and strategies have only been put in place in the last few 
years, but, with some institutions having no evidence of any e-learning polices being in 
place at all. Czerniewicz et al (2006) found that in the case of South African universities the 
key drivers for an increasing interest in e-learning was: individual academic staff (in the 
form of champions), senior leadership (either formally or informally), and students. 

 
1.2 E-learning and tourism and hospitality higher education 
Developments in ICT, particularly the popularity of the Internet, have forced organisations 
in the tourism and hospitality industry to appraise their use of technology in managing their 
business (Namaivayam, Enz & Siguaw, 2000). The digital revolution has emphasized 
innovation, new business models, new ways of organising work as well as learning (Collins, 
Buhalis & Peters, 2003). Consequently, the use of the Internet in tourism and hospitality 
education can help SADC educators meet the challenges of globalization by establishing 



New	Achievements	in	Technology,	Education	and	Development52

normal business activities. Visser (2004), Byron & Gagliardi (2005) and Katz (1998) however 
emphasize that notwithstanding significant interest in these research developments, 
developing economies have been largely excluded from such research. It is noted with 
concern that that there is a digital divide between the industrial countries of the North and 
the developing economies of the South. In particular, Africa is perceived to be the most 
vulnerable to such digital marginalisation. 

 
1.1 E-learning (electronic learning or on-line learning) in developing economies 
Higher education – locally, regionally and globally – is undisputedly both in transition and 
under pressure. Czerniewicz et al (2006) indicate that there has been an increased interest in 
technology in many higher education institutions, particularly in South Africa, since 2000. 
The most common reason being that universities are refocusing their positions in the global 
economies and in the redefined local landscapes. There is consensus that universities need 
to play a meaningful role towards the development of knowledge societies with such 
societies requiring a support infrastructure in the form of people with knowledge, skills and 
abilities to deliver e-commerce. It further requires the reformulation of the nature of 
learning and what is required of a graduate. 
Training of the tourism and hospitality labour force is a key component of some of the 
Governments’ (for example, South African) competitiveness policies and is reflected in 
initiatives to improve national productivity. Much of the Africa remains under-developed 
and poverty stricken where famine and civil war make universal basic education an 
unfulfilled dream. In such conditions e-learning needs to find a place, according to Lelliott, 
Pendlebury & Enslin (2002).  Patterns of exclusion and inclusion, empowerment and 
disempowerment have differentiated the developing countries from their developed 
counterparts say Lelliott et al (2002) and, in the patterns of educational provision and styles 
of teaching and learning.  Article 6 of the SADC Protocol on Tourism (1998) underscores the 
SADC endeavour to evolve a common education policy with regard to tourism to 
coordinate and harmonize training at tourism educational institutions, and to ensure that 
tourism training standards are harmonized in different parts of the SADC region to 
complement one another.  
The prevailing, although debated, view is that Africa, along with the rest of the developing 
world, needs wider access to the Internet if it is to compete in the global economy. In places 
where books and qualified teachers are scarce, the Internet may have the capacity to provide 
learning resources where there were none and provide access to high quality educational 
programmes. Tertiary institutions throughout SADC compete with each other through 
technology, seeking to attract distant new markets. This results in the need to adapt 
innovative, cheaper approaches to provide education for growing numbers of learners. 
Byron & Gagliardi (2005) provide a further insight as to why the Internet has, yet, not been 
fully exploited for its developmental value in a number of developing economies: 
 Cost factors: the Internet is considered to be a very expensive resource, even in 
developed economies; maintenance costs, due to the rapid evolution of ICT requires 
constant upgrading of equipment and facilities; the cost of on-line charges for the use of the 
Internet is high unless it is subsidized by Governments or private institutions; and, the wide 
disparities between rural and urban areas in regard to basic telephone infrastructure and the 
quality thereof.  

 

 Professional Competence: educating the educators is considered the most 
important factor in ensuring the successful use of the Internet in higher education as in 
many instances this factor is overlooked or underestimated in the development initiatives 
for introducing the Internet with the result that such projects fail or are never developed to 
their full potential. Training is costly but also requires being on-going and regularly 
updated to meet the ever new demands posed by evolving ICT technologies.  
 Educator attitudes: Educators seem to resist the introduction of e-learning for a 
number of reasons, including their unfamiliarity with the technologies, the additional time 
and effort necessary for their effective use and the possible notion that e-learning pose a 
threat to their professional role and image 
 Language and cultural issues: it is claimed that the “almost complete dominance of 
English over other languages in the computer field” is one of the principal obstacles to the 
widespread use of computer technologies in education in developing economies, in 
particular. This linguistic and cultural dominance continues to be a serious barrier for non-
English speaking countries wishing to integrate e-learning into their tourism curricula. 
Some governments may even oppose the use of e-leaning in the formal education system for 
fear of its potential for “cultural colonization”. 
 Lack of technical expertise: developing economies, in general, lack technical 
expertise in this domain at all levels. The limited resources of such economies usually imply 
that they have neither the local capacity to develop the necessary human recourses in this 
field nor the means to attract highly skilled and expensive experts from abroad. Many 
developing countries, such as South Africa, which succeed in training personnel, lose them 
to more highly paid employers abroad. 
 Lack of information: In the case of developing countries there is a lack of two 
categories of information to educational decision-makers and practitioners – information 
about the role and value of e-learning in higher education, and, more specific information 
relating to available hardware and software and how to use it in curricula.  
 Lack of centralized, coordinated administration: the success introduction of e-
learning in higher education is dependent on the support of education authorities not 
merely at the national level but also in terms of local administration. 
It is however noted by Czerniewicz et al (2006) that in South Africa some universities have 
had e-learning strategies in place as long ago as the late 1990s. Such strategies were part of 
institution-wide initiatives at the universities of Stellenbosch and Pretoria. For most other 
South African institutions, polices and strategies have only been put in place in the last few 
years, but, with some institutions having no evidence of any e-learning polices being in 
place at all. Czerniewicz et al (2006) found that in the case of South African universities the 
key drivers for an increasing interest in e-learning was: individual academic staff (in the 
form of champions), senior leadership (either formally or informally), and students. 

 
1.2 E-learning and tourism and hospitality higher education 
Developments in ICT, particularly the popularity of the Internet, have forced organisations 
in the tourism and hospitality industry to appraise their use of technology in managing their 
business (Namaivayam, Enz & Siguaw, 2000). The digital revolution has emphasized 
innovation, new business models, new ways of organising work as well as learning (Collins, 
Buhalis & Peters, 2003). Consequently, the use of the Internet in tourism and hospitality 
education can help SADC educators meet the challenges of globalization by establishing 

Use	of	the	internet	for	enhancing	tourism	and	hospitality		
higher	education	in	Southern	Africa:	implications	for	e-learning 53

normal business activities. Visser (2004), Byron & Gagliardi (2005) and Katz (1998) however 
emphasize that notwithstanding significant interest in these research developments, 
developing economies have been largely excluded from such research. It is noted with 
concern that that there is a digital divide between the industrial countries of the North and 
the developing economies of the South. In particular, Africa is perceived to be the most 
vulnerable to such digital marginalisation. 

 
1.1 E-learning (electronic learning or on-line learning) in developing economies 
Higher education – locally, regionally and globally – is undisputedly both in transition and 
under pressure. Czerniewicz et al (2006) indicate that there has been an increased interest in 
technology in many higher education institutions, particularly in South Africa, since 2000. 
The most common reason being that universities are refocusing their positions in the global 
economies and in the redefined local landscapes. There is consensus that universities need 
to play a meaningful role towards the development of knowledge societies with such 
societies requiring a support infrastructure in the form of people with knowledge, skills and 
abilities to deliver e-commerce. It further requires the reformulation of the nature of 
learning and what is required of a graduate. 
Training of the tourism and hospitality labour force is a key component of some of the 
Governments’ (for example, South African) competitiveness policies and is reflected in 
initiatives to improve national productivity. Much of the Africa remains under-developed 
and poverty stricken where famine and civil war make universal basic education an 
unfulfilled dream. In such conditions e-learning needs to find a place, according to Lelliott, 
Pendlebury & Enslin (2002).  Patterns of exclusion and inclusion, empowerment and 
disempowerment have differentiated the developing countries from their developed 
counterparts say Lelliott et al (2002) and, in the patterns of educational provision and styles 
of teaching and learning.  Article 6 of the SADC Protocol on Tourism (1998) underscores the 
SADC endeavour to evolve a common education policy with regard to tourism to 
coordinate and harmonize training at tourism educational institutions, and to ensure that 
tourism training standards are harmonized in different parts of the SADC region to 
complement one another.  
The prevailing, although debated, view is that Africa, along with the rest of the developing 
world, needs wider access to the Internet if it is to compete in the global economy. In places 
where books and qualified teachers are scarce, the Internet may have the capacity to provide 
learning resources where there were none and provide access to high quality educational 
programmes. Tertiary institutions throughout SADC compete with each other through 
technology, seeking to attract distant new markets. This results in the need to adapt 
innovative, cheaper approaches to provide education for growing numbers of learners. 
Byron & Gagliardi (2005) provide a further insight as to why the Internet has, yet, not been 
fully exploited for its developmental value in a number of developing economies: 
 Cost factors: the Internet is considered to be a very expensive resource, even in 
developed economies; maintenance costs, due to the rapid evolution of ICT requires 
constant upgrading of equipment and facilities; the cost of on-line charges for the use of the 
Internet is high unless it is subsidized by Governments or private institutions; and, the wide 
disparities between rural and urban areas in regard to basic telephone infrastructure and the 
quality thereof.  

 

 Professional Competence: educating the educators is considered the most 
important factor in ensuring the successful use of the Internet in higher education as in 
many instances this factor is overlooked or underestimated in the development initiatives 
for introducing the Internet with the result that such projects fail or are never developed to 
their full potential. Training is costly but also requires being on-going and regularly 
updated to meet the ever new demands posed by evolving ICT technologies.  
 Educator attitudes: Educators seem to resist the introduction of e-learning for a 
number of reasons, including their unfamiliarity with the technologies, the additional time 
and effort necessary for their effective use and the possible notion that e-learning pose a 
threat to their professional role and image 
 Language and cultural issues: it is claimed that the “almost complete dominance of 
English over other languages in the computer field” is one of the principal obstacles to the 
widespread use of computer technologies in education in developing economies, in 
particular. This linguistic and cultural dominance continues to be a serious barrier for non-
English speaking countries wishing to integrate e-learning into their tourism curricula. 
Some governments may even oppose the use of e-leaning in the formal education system for 
fear of its potential for “cultural colonization”. 
 Lack of technical expertise: developing economies, in general, lack technical 
expertise in this domain at all levels. The limited resources of such economies usually imply 
that they have neither the local capacity to develop the necessary human recourses in this 
field nor the means to attract highly skilled and expensive experts from abroad. Many 
developing countries, such as South Africa, which succeed in training personnel, lose them 
to more highly paid employers abroad. 
 Lack of information: In the case of developing countries there is a lack of two 
categories of information to educational decision-makers and practitioners – information 
about the role and value of e-learning in higher education, and, more specific information 
relating to available hardware and software and how to use it in curricula.  
 Lack of centralized, coordinated administration: the success introduction of e-
learning in higher education is dependent on the support of education authorities not 
merely at the national level but also in terms of local administration. 
It is however noted by Czerniewicz et al (2006) that in South Africa some universities have 
had e-learning strategies in place as long ago as the late 1990s. Such strategies were part of 
institution-wide initiatives at the universities of Stellenbosch and Pretoria. For most other 
South African institutions, polices and strategies have only been put in place in the last few 
years, but, with some institutions having no evidence of any e-learning polices being in 
place at all. Czerniewicz et al (2006) found that in the case of South African universities the 
key drivers for an increasing interest in e-learning was: individual academic staff (in the 
form of champions), senior leadership (either formally or informally), and students. 

 
1.2 E-learning and tourism and hospitality higher education 
Developments in ICT, particularly the popularity of the Internet, have forced organisations 
in the tourism and hospitality industry to appraise their use of technology in managing their 
business (Namaivayam, Enz & Siguaw, 2000). The digital revolution has emphasized 
innovation, new business models, new ways of organising work as well as learning (Collins, 
Buhalis & Peters, 2003). Consequently, the use of the Internet in tourism and hospitality 
education can help SADC educators meet the challenges of globalization by establishing 
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international linkages, information and knowledge transfer and improving delivery and the 
quality of material received by learners. This is crucial for institutions in economically 
depressed regions that wish to contribute to the economic upliftment of such areas by 
distributing up-to-date information and offering quality tourism and hospitality 
instructional programmes.  
E-learning is the learning that occurs any time someone uses electronic means for learning 
with or without another live person being present in the same venue (Collins et al, 2003). 
Consequently, it is believed to contribute towards improved productivity for commerce and 
industry, as industry then “inherits” a technologised workforce. It is crucial for tourism and 
hospitality students, soon to enter the global marketplace, to be exposed to the on-line 
information resources and the managerial and technological uses of the Web in context of e-
business (Sigala et al, 2002). However despite the perceived benefits of e-learning, some 
industry experts and e-learning providers, according to Collins et al (2003), do not see it as 
viable for all the necessary skills in industry or as replacement for traditional training. They 
suggest that on-the-job and face-to-face training are important in teaching non-technical or 
“soft” skills such as communication or leadership skills, where e-learning is not appropriate. 
The mission of tourism and hospitality management programmes is ultimately to prepare 
students for the work-place and to produce industry leaders who are motivated, service 
oriented and quick-thinking, with a multi-skills base that allows them to be creative, flexible 
and adaptable (Sigala et al, 2002). Social, multicultural and communication skills acquisition 
is crucial. In particular, Sigala (2002a) stresses that e-learning helps learners to acclimatize to 
the technological changes that are taking place in the tourism environment, and allows them 
to experience multicultural diversity and teamwork by interacting with people of different 
social and cultural backgrounds via the Internet.  E-learning creates a learning environment 
that overcomes time and space barriers, offering learners greater opportunity to become 
familiar with the specific conditions of work in tourism and hospitality. As an increasing 
number of tourism and hospitality learners simultaneously seek part-time employment, e-
learning thus offers flexibility in terms of time and place and delivery of instruction (Sigala, 
2002a). 

 
2. The study 
 

This study was exploratory in that no such studies seem to have been conducted in SADC. 
SADC is a regional body comprising of 14 member states which agree on areas and 
institutional mechanisms for such cooperation and integration. It has committed itself to 
evolving clearly defined policies and strategies for developing and promoting tourism 
region-wide (SADC, 1998). Our study revealed the lack of a comprehensive database or 
statistics regarding educators within the SADC region who are involved in delivering 
tertiary level tourism and hospitality education and we found that most SADC member 
states, apart from South Africa, have limited tertiary education in this field. According to 
Doswell (2000), educational institutions are often operated by different government agencies 
sometimes Ministries of Labour, sometimes Ministries of Education, and sometimes 
Ministries of Tourism either working alone or in collaboration, and “fighting for territory” 
between some or all the parties seems commonplace.  
The parameters of the sampling frame were the e-mail contact details of the members of the 
Tourism Educators of South Africa (TESA), the South African Association of Hotel School 

 

(SAAHS), and the contact details of other educators were compiled through systematic 
Internet searches, and telephonic enquiries where the web sites of institutions provided 
inadequate information. This procedure resulted in the compilation of an initial contact list 
of about 120 tertiary level educators in tourism and hospitality within SADC, the so-called 
“initial contact group”. For the purpose of this study SADC “tertiary level” education was 
defined as education offered at post-school education level (but excluding Further 
Education & Training (FET), technical or community college providers) within both the 
public and private sectors, in SADC states.  
Communication was established with this initial contact group with a purpose of 
confirming the comprehensiveness of initial list of educators involved in the delivery of the 
programmes at the respective institutions. After the integrity of the contact details were 
confirmed, the list was deemed to be the sampling frame for the study.  
The breakdown of the universum of tourism and hospitality tertiary educators in the SADC 
region indicated that of the 184 tertiary educators identified, 172 were from South Africa; 
Malawi, Namibia, Tanzania and Zimbabwe having 2 educators each; Botswana, Mauritius, 
Seychelles and Zambia having 1 educator each; and, Angola, the Congo, Lesotho, 
Mozambique and Swaziland provided no evidence of any tourism and hospitality tertiary 
educators.   
There was however a high non-response rate of about 80% from the tertiary education 
providers from within the SADC region (excluding South Africa), so a non-probability 
purposive sampling method, namely proportional quota sampling, was applied which the 
responses of 51 SADC tourism and hospitability tertiary educators were used (of which 80% 
of respondents were from South Africa).  

 
2.1 Research model 
The conceptual framework that was adapted, for the SADC context, was the one used in the 
Sigala et al (2002) study to determine the level of Internet usage amongst European 
educators in the tourism and hospitality higher education. The study used the Technology 
Acceptance Model (TAM), as used by the aforementioned Sigala study, for investigating key 
factors that determine the successful implementation of technological innovation. According 
to Sigala et al (2002), many authors have empirically confirmed the full causal relationship 
between the TAM model’s constructs. For the purpose of this study, as in the Sigala et al 
(2002) study, the perceived use and usefulness of the Internet, was conceptualized as 
potential factors affecting the use of the Internet for educational purposes. The perceived 
use of the Internet  variable was measured by two  constructs, namely, the perceived 
competence with technology (using 6 item Lickert scale) and the perceived level of ICT 
support (4 item Lickert scale). The usefulness of the Internet variable was measured by the 
following constructs: the perceived usefulness of the Internet as an educational tool (4 Item 
Lickert scale), and, the perceived functionality of the Internet’s functionality (10 item Lickert 
scale). 

 
2.2 Research instrument 
The research instrument was written in English and developed with close-ended multiple-
choice questions and statements, to be rated on a Lickert-type scale. Pilot testing was carried 
out on the questionnaire.  
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international linkages, information and knowledge transfer and improving delivery and the 
quality of material received by learners. This is crucial for institutions in economically 
depressed regions that wish to contribute to the economic upliftment of such areas by 
distributing up-to-date information and offering quality tourism and hospitality 
instructional programmes.  
E-learning is the learning that occurs any time someone uses electronic means for learning 
with or without another live person being present in the same venue (Collins et al, 2003). 
Consequently, it is believed to contribute towards improved productivity for commerce and 
industry, as industry then “inherits” a technologised workforce. It is crucial for tourism and 
hospitality students, soon to enter the global marketplace, to be exposed to the on-line 
information resources and the managerial and technological uses of the Web in context of e-
business (Sigala et al, 2002). However despite the perceived benefits of e-learning, some 
industry experts and e-learning providers, according to Collins et al (2003), do not see it as 
viable for all the necessary skills in industry or as replacement for traditional training. They 
suggest that on-the-job and face-to-face training are important in teaching non-technical or 
“soft” skills such as communication or leadership skills, where e-learning is not appropriate. 
The mission of tourism and hospitality management programmes is ultimately to prepare 
students for the work-place and to produce industry leaders who are motivated, service 
oriented and quick-thinking, with a multi-skills base that allows them to be creative, flexible 
and adaptable (Sigala et al, 2002). Social, multicultural and communication skills acquisition 
is crucial. In particular, Sigala (2002a) stresses that e-learning helps learners to acclimatize to 
the technological changes that are taking place in the tourism environment, and allows them 
to experience multicultural diversity and teamwork by interacting with people of different 
social and cultural backgrounds via the Internet.  E-learning creates a learning environment 
that overcomes time and space barriers, offering learners greater opportunity to become 
familiar with the specific conditions of work in tourism and hospitality. As an increasing 
number of tourism and hospitality learners simultaneously seek part-time employment, e-
learning thus offers flexibility in terms of time and place and delivery of instruction (Sigala, 
2002a). 

 
2. The study 
 

This study was exploratory in that no such studies seem to have been conducted in SADC. 
SADC is a regional body comprising of 14 member states which agree on areas and 
institutional mechanisms for such cooperation and integration. It has committed itself to 
evolving clearly defined policies and strategies for developing and promoting tourism 
region-wide (SADC, 1998). Our study revealed the lack of a comprehensive database or 
statistics regarding educators within the SADC region who are involved in delivering 
tertiary level tourism and hospitality education and we found that most SADC member 
states, apart from South Africa, have limited tertiary education in this field. According to 
Doswell (2000), educational institutions are often operated by different government agencies 
sometimes Ministries of Labour, sometimes Ministries of Education, and sometimes 
Ministries of Tourism either working alone or in collaboration, and “fighting for territory” 
between some or all the parties seems commonplace.  
The parameters of the sampling frame were the e-mail contact details of the members of the 
Tourism Educators of South Africa (TESA), the South African Association of Hotel School 

 

(SAAHS), and the contact details of other educators were compiled through systematic 
Internet searches, and telephonic enquiries where the web sites of institutions provided 
inadequate information. This procedure resulted in the compilation of an initial contact list 
of about 120 tertiary level educators in tourism and hospitality within SADC, the so-called 
“initial contact group”. For the purpose of this study SADC “tertiary level” education was 
defined as education offered at post-school education level (but excluding Further 
Education & Training (FET), technical or community college providers) within both the 
public and private sectors, in SADC states.  
Communication was established with this initial contact group with a purpose of 
confirming the comprehensiveness of initial list of educators involved in the delivery of the 
programmes at the respective institutions. After the integrity of the contact details were 
confirmed, the list was deemed to be the sampling frame for the study.  
The breakdown of the universum of tourism and hospitality tertiary educators in the SADC 
region indicated that of the 184 tertiary educators identified, 172 were from South Africa; 
Malawi, Namibia, Tanzania and Zimbabwe having 2 educators each; Botswana, Mauritius, 
Seychelles and Zambia having 1 educator each; and, Angola, the Congo, Lesotho, 
Mozambique and Swaziland provided no evidence of any tourism and hospitality tertiary 
educators.   
There was however a high non-response rate of about 80% from the tertiary education 
providers from within the SADC region (excluding South Africa), so a non-probability 
purposive sampling method, namely proportional quota sampling, was applied which the 
responses of 51 SADC tourism and hospitability tertiary educators were used (of which 80% 
of respondents were from South Africa).  

 
2.1 Research model 
The conceptual framework that was adapted, for the SADC context, was the one used in the 
Sigala et al (2002) study to determine the level of Internet usage amongst European 
educators in the tourism and hospitality higher education. The study used the Technology 
Acceptance Model (TAM), as used by the aforementioned Sigala study, for investigating key 
factors that determine the successful implementation of technological innovation. According 
to Sigala et al (2002), many authors have empirically confirmed the full causal relationship 
between the TAM model’s constructs. For the purpose of this study, as in the Sigala et al 
(2002) study, the perceived use and usefulness of the Internet, was conceptualized as 
potential factors affecting the use of the Internet for educational purposes. The perceived 
use of the Internet  variable was measured by two  constructs, namely, the perceived 
competence with technology (using 6 item Lickert scale) and the perceived level of ICT 
support (4 item Lickert scale). The usefulness of the Internet variable was measured by the 
following constructs: the perceived usefulness of the Internet as an educational tool (4 Item 
Lickert scale), and, the perceived functionality of the Internet’s functionality (10 item Lickert 
scale). 

 
2.2 Research instrument 
The research instrument was written in English and developed with close-ended multiple-
choice questions and statements, to be rated on a Lickert-type scale. Pilot testing was carried 
out on the questionnaire.  
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international linkages, information and knowledge transfer and improving delivery and the 
quality of material received by learners. This is crucial for institutions in economically 
depressed regions that wish to contribute to the economic upliftment of such areas by 
distributing up-to-date information and offering quality tourism and hospitality 
instructional programmes.  
E-learning is the learning that occurs any time someone uses electronic means for learning 
with or without another live person being present in the same venue (Collins et al, 2003). 
Consequently, it is believed to contribute towards improved productivity for commerce and 
industry, as industry then “inherits” a technologised workforce. It is crucial for tourism and 
hospitality students, soon to enter the global marketplace, to be exposed to the on-line 
information resources and the managerial and technological uses of the Web in context of e-
business (Sigala et al, 2002). However despite the perceived benefits of e-learning, some 
industry experts and e-learning providers, according to Collins et al (2003), do not see it as 
viable for all the necessary skills in industry or as replacement for traditional training. They 
suggest that on-the-job and face-to-face training are important in teaching non-technical or 
“soft” skills such as communication or leadership skills, where e-learning is not appropriate. 
The mission of tourism and hospitality management programmes is ultimately to prepare 
students for the work-place and to produce industry leaders who are motivated, service 
oriented and quick-thinking, with a multi-skills base that allows them to be creative, flexible 
and adaptable (Sigala et al, 2002). Social, multicultural and communication skills acquisition 
is crucial. In particular, Sigala (2002a) stresses that e-learning helps learners to acclimatize to 
the technological changes that are taking place in the tourism environment, and allows them 
to experience multicultural diversity and teamwork by interacting with people of different 
social and cultural backgrounds via the Internet.  E-learning creates a learning environment 
that overcomes time and space barriers, offering learners greater opportunity to become 
familiar with the specific conditions of work in tourism and hospitality. As an increasing 
number of tourism and hospitality learners simultaneously seek part-time employment, e-
learning thus offers flexibility in terms of time and place and delivery of instruction (Sigala, 
2002a). 

 
2. The study 
 

This study was exploratory in that no such studies seem to have been conducted in SADC. 
SADC is a regional body comprising of 14 member states which agree on areas and 
institutional mechanisms for such cooperation and integration. It has committed itself to 
evolving clearly defined policies and strategies for developing and promoting tourism 
region-wide (SADC, 1998). Our study revealed the lack of a comprehensive database or 
statistics regarding educators within the SADC region who are involved in delivering 
tertiary level tourism and hospitality education and we found that most SADC member 
states, apart from South Africa, have limited tertiary education in this field. According to 
Doswell (2000), educational institutions are often operated by different government agencies 
sometimes Ministries of Labour, sometimes Ministries of Education, and sometimes 
Ministries of Tourism either working alone or in collaboration, and “fighting for territory” 
between some or all the parties seems commonplace.  
The parameters of the sampling frame were the e-mail contact details of the members of the 
Tourism Educators of South Africa (TESA), the South African Association of Hotel School 

 

(SAAHS), and the contact details of other educators were compiled through systematic 
Internet searches, and telephonic enquiries where the web sites of institutions provided 
inadequate information. This procedure resulted in the compilation of an initial contact list 
of about 120 tertiary level educators in tourism and hospitality within SADC, the so-called 
“initial contact group”. For the purpose of this study SADC “tertiary level” education was 
defined as education offered at post-school education level (but excluding Further 
Education & Training (FET), technical or community college providers) within both the 
public and private sectors, in SADC states.  
Communication was established with this initial contact group with a purpose of 
confirming the comprehensiveness of initial list of educators involved in the delivery of the 
programmes at the respective institutions. After the integrity of the contact details were 
confirmed, the list was deemed to be the sampling frame for the study.  
The breakdown of the universum of tourism and hospitality tertiary educators in the SADC 
region indicated that of the 184 tertiary educators identified, 172 were from South Africa; 
Malawi, Namibia, Tanzania and Zimbabwe having 2 educators each; Botswana, Mauritius, 
Seychelles and Zambia having 1 educator each; and, Angola, the Congo, Lesotho, 
Mozambique and Swaziland provided no evidence of any tourism and hospitality tertiary 
educators.   
There was however a high non-response rate of about 80% from the tertiary education 
providers from within the SADC region (excluding South Africa), so a non-probability 
purposive sampling method, namely proportional quota sampling, was applied which the 
responses of 51 SADC tourism and hospitability tertiary educators were used (of which 80% 
of respondents were from South Africa).  

 
2.1 Research model 
The conceptual framework that was adapted, for the SADC context, was the one used in the 
Sigala et al (2002) study to determine the level of Internet usage amongst European 
educators in the tourism and hospitality higher education. The study used the Technology 
Acceptance Model (TAM), as used by the aforementioned Sigala study, for investigating key 
factors that determine the successful implementation of technological innovation. According 
to Sigala et al (2002), many authors have empirically confirmed the full causal relationship 
between the TAM model’s constructs. For the purpose of this study, as in the Sigala et al 
(2002) study, the perceived use and usefulness of the Internet, was conceptualized as 
potential factors affecting the use of the Internet for educational purposes. The perceived 
use of the Internet  variable was measured by two  constructs, namely, the perceived 
competence with technology (using 6 item Lickert scale) and the perceived level of ICT 
support (4 item Lickert scale). The usefulness of the Internet variable was measured by the 
following constructs: the perceived usefulness of the Internet as an educational tool (4 Item 
Lickert scale), and, the perceived functionality of the Internet’s functionality (10 item Lickert 
scale). 

 
2.2 Research instrument 
The research instrument was written in English and developed with close-ended multiple-
choice questions and statements, to be rated on a Lickert-type scale. Pilot testing was carried 
out on the questionnaire.  
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It was initially developed in an electronic format for completion on the Walter Sisulu 
University’s (former-Border Technikon) web site. E-mail invitations were sent to the 
research sample, requesting educators to complete the questionnaire electronically within a 
30 day time-frame.  
The initial response rate was poor, with only 10 respondents having completed the 
questionnaire by due date. Follow-up e-mail communication to encourage respondents to 
complete the electronic questionnaire did not improve the response rate. Thereafter, 
members of the sample were contacted directly by telephone, appointments were made, and 
the research was conducted by means of telephonic interviews. Consequently, the 
proportional quota sampling method was used as a means of identifying respondents for 
this study and in this way; a total response of 51 (28% of the universum) tertiary level 
educators was achieved.  
The majority of the respondents were female (66%) and up to 76%  had tertiary teaching 
experience in tourism and hospitality of up to 10 years (with 38% of these having under 5 
years experience and 38% of these between 5 and 10 years of experience). The majority (46%) 
of respondents were aged between 30 and 40 years, with an additional 26% being aged 
between 23 and 30 years. Half of the respondents held posts at lecturer’s grade (50%); 18% at 
junior lecturer’s grade, and 14% at senior lecturer’s grade, with 14% being heads of 
department. The respondents represented a diversified sample in terms of the generic 
discipline that they were teaching. Specifically, a quarter of the respondents (25.5%) 
indicated that they were involved with the teaching of marketing, followed by a 9.8% each 
in operations management and human resource management. Generic tourism subjects 
were indicated as the most popular by the educators (58.9%), followed by generic hospitality 
subjects (19.6%). Subject such as economics, law, and organizational behaviour and research 
methods were taught by few of the respondents (3.9% each) and none of them taught ICT 
management. 

 
2.3 Research questions 
Our research seeks to answer the following research questions: whether or not tourism and 
hospitality tertiary educators use the Internet in the delivery of education; the nature of the 
use of the Internet in tertiary tourism and hospitality education; and the Internet factors that 
limit the use of and the delivery of tertiary tourism and hospitality education. The primary 
aims of this study were to investigate the level and type of use of Internet tools (i.e. the 
Internet and electronic discussion tools such as e-mail and on-line fora) for delivery by 
tourism and hospitality education SADC; and to examine factors determining the adoption 
and level of use of Internet tools in order to benefit from current experiences in the 
implementation of the Internet in classroom methodology.  

 
3. Results 
 

3.1 Type and level of usage of the Internet and electronic discussion groups 
The study found that the respondents used the Internet heavily for: searching for 
information (29%-very often, 33%-often), looking for case-studies (21%-very often, 29%-
often), and searching for and reading academic articles (25%-very often, 29%-often). The 
following activities were least used: publishing learning material (57%), publishing material 
regarding the module (66%), conducting examinations and student assessment (59%), 

 

conducting course evaluations (57%), and, providing student links with industry news 
(37%). The purpose for which the respondents used the Internet also showed that the 
majority do not use the Internet to communicate with students (58%); nor to distribute 
information regarding the course (53%); distribute learning material (54%); conduct 
examinations or assessments (72%); conduct course evaluations (63%); develop on-line 
discussion groups (68%) or provide feedback to the learners (70%). However, a notable 
proportion of the respondents sometimes used the Internet to distribute learning material 
(26%); conduct assessment (16%); and, developed course evaluations (20%). 

 
3.2 Factors affecting the Internet’s usage levels 
The study probed the reasons why respondents do not use Internet tools for teaching, and 
the following was found: 
 High proportion of respondents strongly agreed that the lack of student access to 
computer laboratories (74%); lack of student training in Internet-related areas (56%); lack of 
availability of relevant portals (47%); computer equipment constraints (59%); the lack of a 
comprehensive directory of web resources (49%); the lack of student incentives to use the 
Internet (57%); lack of appropriate educational software; and very slow Internet connections 
(50%) were the  main reasons why Internet tools were not used. 
 Most respondents strongly disagreed that the following were relevant reasons as to 
why the Internet tools  were not being used for e-learning: lack of academic staff training in 
Internet-related areas (57%); lack of academic staff access to computer laboratories (77%); 
lack of relevant informational or educational websites (60%); lack of access to relevant 
portals (54%); academic staff not being convinced about the learning students gain from the 
use of the Internet (75%); academic staff not convinced about the learning students gain 
from the use  electronic discussions (59%); and the lack of academic staff incentives to use 
the Internet (59%). 
This study also sought to determine the knowledge competency of respondents with regard 
to e-learning.  Most respondents believed that they were very competent in computer 
software (78%); computer hardware (52%); browsing the Internet (91%); and using e-mail 
(100%). However, notable proportions of respondents did not feel competent at all in 
discussing electronic discussion groups (58%) or, using electronic discussions groups (52%).  
Respondents were asked to indicate their perceptions of functionality of Internet tools and 
most strongly agreed on the following: it is a valuable resource for gathering information 
(98%); it is a valuable tool for distributing information (96%); it is a fruitful platform for 
developing learning material (93%); Internet tools are valuable for developing on-line 
interactive discussion groups (81%); the Internet is slow (49%); information provision on the 
Internet is chaotic (37%); electronic discussions are not fruitful because the writers cannot 
interact with others (47%); it is valuable for keeping up-to-date (91%); there are no 
appropriate portals for identifying web resources (55%); and the Internet is of no significant 
value as an educational tool (59%). A sizable proportion of respondents strongly disagreed 
with some of the above statement, namely: that the Internet is slow (32%); information 
provision on the Internet is chaotic (46%); electronic discussions are not fruitful because the 
writers cannot interact with each other (30%); there are no appropriate portals for 
identifying web resources (55%); and the Internet is of no significant value as an educational 
tool (42%).  
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members of the sample were contacted directly by telephone, appointments were made, and 
the research was conducted by means of telephonic interviews. Consequently, the 
proportional quota sampling method was used as a means of identifying respondents for 
this study and in this way; a total response of 51 (28% of the universum) tertiary level 
educators was achieved.  
The majority of the respondents were female (66%) and up to 76%  had tertiary teaching 
experience in tourism and hospitality of up to 10 years (with 38% of these having under 5 
years experience and 38% of these between 5 and 10 years of experience). The majority (46%) 
of respondents were aged between 30 and 40 years, with an additional 26% being aged 
between 23 and 30 years. Half of the respondents held posts at lecturer’s grade (50%); 18% at 
junior lecturer’s grade, and 14% at senior lecturer’s grade, with 14% being heads of 
department. The respondents represented a diversified sample in terms of the generic 
discipline that they were teaching. Specifically, a quarter of the respondents (25.5%) 
indicated that they were involved with the teaching of marketing, followed by a 9.8% each 
in operations management and human resource management. Generic tourism subjects 
were indicated as the most popular by the educators (58.9%), followed by generic hospitality 
subjects (19.6%). Subject such as economics, law, and organizational behaviour and research 
methods were taught by few of the respondents (3.9% each) and none of them taught ICT 
management. 

 
2.3 Research questions 
Our research seeks to answer the following research questions: whether or not tourism and 
hospitality tertiary educators use the Internet in the delivery of education; the nature of the 
use of the Internet in tertiary tourism and hospitality education; and the Internet factors that 
limit the use of and the delivery of tertiary tourism and hospitality education. The primary 
aims of this study were to investigate the level and type of use of Internet tools (i.e. the 
Internet and electronic discussion tools such as e-mail and on-line fora) for delivery by 
tourism and hospitality education SADC; and to examine factors determining the adoption 
and level of use of Internet tools in order to benefit from current experiences in the 
implementation of the Internet in classroom methodology.  

 
3. Results 
 

3.1 Type and level of usage of the Internet and electronic discussion groups 
The study found that the respondents used the Internet heavily for: searching for 
information (29%-very often, 33%-often), looking for case-studies (21%-very often, 29%-
often), and searching for and reading academic articles (25%-very often, 29%-often). The 
following activities were least used: publishing learning material (57%), publishing material 
regarding the module (66%), conducting examinations and student assessment (59%), 

 

conducting course evaluations (57%), and, providing student links with industry news 
(37%). The purpose for which the respondents used the Internet also showed that the 
majority do not use the Internet to communicate with students (58%); nor to distribute 
information regarding the course (53%); distribute learning material (54%); conduct 
examinations or assessments (72%); conduct course evaluations (63%); develop on-line 
discussion groups (68%) or provide feedback to the learners (70%). However, a notable 
proportion of the respondents sometimes used the Internet to distribute learning material 
(26%); conduct assessment (16%); and, developed course evaluations (20%). 

 
3.2 Factors affecting the Internet’s usage levels 
The study probed the reasons why respondents do not use Internet tools for teaching, and 
the following was found: 
 High proportion of respondents strongly agreed that the lack of student access to 
computer laboratories (74%); lack of student training in Internet-related areas (56%); lack of 
availability of relevant portals (47%); computer equipment constraints (59%); the lack of a 
comprehensive directory of web resources (49%); the lack of student incentives to use the 
Internet (57%); lack of appropriate educational software; and very slow Internet connections 
(50%) were the  main reasons why Internet tools were not used. 
 Most respondents strongly disagreed that the following were relevant reasons as to 
why the Internet tools  were not being used for e-learning: lack of academic staff training in 
Internet-related areas (57%); lack of academic staff access to computer laboratories (77%); 
lack of relevant informational or educational websites (60%); lack of access to relevant 
portals (54%); academic staff not being convinced about the learning students gain from the 
use of the Internet (75%); academic staff not convinced about the learning students gain 
from the use  electronic discussions (59%); and the lack of academic staff incentives to use 
the Internet (59%). 
This study also sought to determine the knowledge competency of respondents with regard 
to e-learning.  Most respondents believed that they were very competent in computer 
software (78%); computer hardware (52%); browsing the Internet (91%); and using e-mail 
(100%). However, notable proportions of respondents did not feel competent at all in 
discussing electronic discussion groups (58%) or, using electronic discussions groups (52%).  
Respondents were asked to indicate their perceptions of functionality of Internet tools and 
most strongly agreed on the following: it is a valuable resource for gathering information 
(98%); it is a valuable tool for distributing information (96%); it is a fruitful platform for 
developing learning material (93%); Internet tools are valuable for developing on-line 
interactive discussion groups (81%); the Internet is slow (49%); information provision on the 
Internet is chaotic (37%); electronic discussions are not fruitful because the writers cannot 
interact with others (47%); it is valuable for keeping up-to-date (91%); there are no 
appropriate portals for identifying web resources (55%); and the Internet is of no significant 
value as an educational tool (59%). A sizable proportion of respondents strongly disagreed 
with some of the above statement, namely: that the Internet is slow (32%); information 
provision on the Internet is chaotic (46%); electronic discussions are not fruitful because the 
writers cannot interact with each other (30%); there are no appropriate portals for 
identifying web resources (55%); and the Internet is of no significant value as an educational 
tool (42%).  
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Respondents were asked to rate the usefulness of the Internet as an educational tool and 
they strongly agreed on the following: the Internet provides the educators with data that 
had not been accessible to them before (94%); the Internet allows faster information 
gathering than other information resources (90%); the Internet enables the development of 
interactive discussions that had not been possible before (84%); and the Internet tools allows 
the immediate distribution of information in a way that  was not possible before (96%).  
Finally, respondents were asked to rate the level of IT support that they received and most 
agreed that: getting assistance from the IT personnel is easy (92%); information regarding 
the Internet tools is available (85%); the extent of user support is appropriate (90%); and 
problems or requests are answered reliably (86%). 

 
4. Conclusion 
 

It should be noted that because of the limited response rate from SADC higher tourism and 
hospitality education educators (apart from South Africa), it is not possible to claim that the 
findings in this study are generally representative of the SADC region. The researchers 
speculate that the situation, concerning the use of tourism and hospitality higher education 
e-learning, is most likely worse in a number of SADC member countries than what the 
results of this study suggest. In addition, the sample size was determined in part by budget 
constraints, which inherently impeded the study. However, this study provides critical 
insight on the state of affairs in tourism and hospitality higher education e-learning in 
SADC. It is a ground-breaking study which could be explored further through longitudinal 
studies with larger samples. 
The research clearly indicates that the educators themselves seem to have no problems with 
access to e-learning resources and infrastructure and are seemingly aware of the benefits of 
e-learning for learners. Furthermore, the study revealed that the respondents had an 
adequate understanding of e-learning software and hardware issues, and received adequate 
support from their IT departments implementing e-learning.  It can thus be surmised that 
though the Internet’s perceived usefulness and ease of use is understood, there is lack of 
understanding regarding its strategic value to the tourism and hospitality industry, in 
particular, has a significant effect on the reported patterns of the Internet’s educational 
implementation.  
To allow educators to further increase and enhance their type and levels of use of Internet’s 
tools in their pedagogical modes, institutions need to formulate strategic plans and 
implementation practices that overcome obstacles in educators’ behaviour toward 
developing the full potential of e-learning in tourism and hospitality higher education. 
South Africa has a potentially important role to play in providing support for developing a 
tourism and hospitality e-learning tertiary education platform for learners throughout the 
SADC region.  
The findings seem to suggest that the SADC educators lack a strategic sense of how to 
implement e-learning in tourism and hospitality higher education. Educators treated the 
Internet as a simple information-searching medium, with little sharing or making 
information available to learners; or, communicating with their learners. A noticeable 
proportion of SADC educators however, are increasingly aware of the potential of e-
learning in delivering education to learners who otherwise would not be able to enter 
tourism and hospitality higher education. Regarding factors affecting the usage of the 

 

Internet, the research reveals that most respondents believe that poor IT infrastructure and 
poor student preparedness in the use of e-learning are the main reasons for not using e-
learning as an educational tool. Importantly, the research seems to suggest, albeit indirectly, 
that the educators do not appreciate enough the value of the Internet (and e-commerce in 
general) as a developmental tool in promoting new positive attitudes concerning sustainable 
tourism development and improving the quality of life of the recipient communities. There 
are a number of implications, according to Sigala (2002 a), for e-learning in tourism and 
hospitality higher-education. Educators need to move away from e-learning models that 
simply re-implement existing practices by “webifying” them. As e-learning is redefining 
how skills and knowledge is acquired, educators should re-examine how e-learning occurs 
and how e-learning instruction can be facilitated. Educators need to migrate to higher-order 
e-learning models that more fully exploit the Internets capabilities and tools to advance e-
learning and learning. Student-centred (collaborative and constructivism) and student-
determined (personalised) e-learning environment are steps toward that direction.  
It is important to create conditions that favour e-learning and to eliminate barriers that 
prevent learners from participating in e-learning (Collins et al, 2003). This is very relevant 
for the SADC region which is plagued by: HIV/AIDS (and therefore; single parent, or no 
parent families); poor infrastructure; and general poverty, not to mention the huge disparity 
that exists between South Africa and the other SADC members-states in the provision of e-
learning and the potential danger of domination of this area by South Africa. 
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Respondents were asked to rate the usefulness of the Internet as an educational tool and 
they strongly agreed on the following: the Internet provides the educators with data that 
had not been accessible to them before (94%); the Internet allows faster information 
gathering than other information resources (90%); the Internet enables the development of 
interactive discussions that had not been possible before (84%); and the Internet tools allows 
the immediate distribution of information in a way that  was not possible before (96%).  
Finally, respondents were asked to rate the level of IT support that they received and most 
agreed that: getting assistance from the IT personnel is easy (92%); information regarding 
the Internet tools is available (85%); the extent of user support is appropriate (90%); and 
problems or requests are answered reliably (86%). 
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It should be noted that because of the limited response rate from SADC higher tourism and 
hospitality education educators (apart from South Africa), it is not possible to claim that the 
findings in this study are generally representative of the SADC region. The researchers 
speculate that the situation, concerning the use of tourism and hospitality higher education 
e-learning, is most likely worse in a number of SADC member countries than what the 
results of this study suggest. In addition, the sample size was determined in part by budget 
constraints, which inherently impeded the study. However, this study provides critical 
insight on the state of affairs in tourism and hospitality higher education e-learning in 
SADC. It is a ground-breaking study which could be explored further through longitudinal 
studies with larger samples. 
The research clearly indicates that the educators themselves seem to have no problems with 
access to e-learning resources and infrastructure and are seemingly aware of the benefits of 
e-learning for learners. Furthermore, the study revealed that the respondents had an 
adequate understanding of e-learning software and hardware issues, and received adequate 
support from their IT departments implementing e-learning.  It can thus be surmised that 
though the Internet’s perceived usefulness and ease of use is understood, there is lack of 
understanding regarding its strategic value to the tourism and hospitality industry, in 
particular, has a significant effect on the reported patterns of the Internet’s educational 
implementation.  
To allow educators to further increase and enhance their type and levels of use of Internet’s 
tools in their pedagogical modes, institutions need to formulate strategic plans and 
implementation practices that overcome obstacles in educators’ behaviour toward 
developing the full potential of e-learning in tourism and hospitality higher education. 
South Africa has a potentially important role to play in providing support for developing a 
tourism and hospitality e-learning tertiary education platform for learners throughout the 
SADC region.  
The findings seem to suggest that the SADC educators lack a strategic sense of how to 
implement e-learning in tourism and hospitality higher education. Educators treated the 
Internet as a simple information-searching medium, with little sharing or making 
information available to learners; or, communicating with their learners. A noticeable 
proportion of SADC educators however, are increasingly aware of the potential of e-
learning in delivering education to learners who otherwise would not be able to enter 
tourism and hospitality higher education. Regarding factors affecting the usage of the 

 

Internet, the research reveals that most respondents believe that poor IT infrastructure and 
poor student preparedness in the use of e-learning are the main reasons for not using e-
learning as an educational tool. Importantly, the research seems to suggest, albeit indirectly, 
that the educators do not appreciate enough the value of the Internet (and e-commerce in 
general) as a developmental tool in promoting new positive attitudes concerning sustainable 
tourism development and improving the quality of life of the recipient communities. There 
are a number of implications, according to Sigala (2002 a), for e-learning in tourism and 
hospitality higher-education. Educators need to move away from e-learning models that 
simply re-implement existing practices by “webifying” them. As e-learning is redefining 
how skills and knowledge is acquired, educators should re-examine how e-learning occurs 
and how e-learning instruction can be facilitated. Educators need to migrate to higher-order 
e-learning models that more fully exploit the Internets capabilities and tools to advance e-
learning and learning. Student-centred (collaborative and constructivism) and student-
determined (personalised) e-learning environment are steps toward that direction.  
It is important to create conditions that favour e-learning and to eliminate barriers that 
prevent learners from participating in e-learning (Collins et al, 2003). This is very relevant 
for the SADC region which is plagued by: HIV/AIDS (and therefore; single parent, or no 
parent families); poor infrastructure; and general poverty, not to mention the huge disparity 
that exists between South Africa and the other SADC members-states in the provision of e-
learning and the potential danger of domination of this area by South Africa. 
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Respondents were asked to rate the usefulness of the Internet as an educational tool and 
they strongly agreed on the following: the Internet provides the educators with data that 
had not been accessible to them before (94%); the Internet allows faster information 
gathering than other information resources (90%); the Internet enables the development of 
interactive discussions that had not been possible before (84%); and the Internet tools allows 
the immediate distribution of information in a way that  was not possible before (96%).  
Finally, respondents were asked to rate the level of IT support that they received and most 
agreed that: getting assistance from the IT personnel is easy (92%); information regarding 
the Internet tools is available (85%); the extent of user support is appropriate (90%); and 
problems or requests are answered reliably (86%). 

 
4. Conclusion 
 

It should be noted that because of the limited response rate from SADC higher tourism and 
hospitality education educators (apart from South Africa), it is not possible to claim that the 
findings in this study are generally representative of the SADC region. The researchers 
speculate that the situation, concerning the use of tourism and hospitality higher education 
e-learning, is most likely worse in a number of SADC member countries than what the 
results of this study suggest. In addition, the sample size was determined in part by budget 
constraints, which inherently impeded the study. However, this study provides critical 
insight on the state of affairs in tourism and hospitality higher education e-learning in 
SADC. It is a ground-breaking study which could be explored further through longitudinal 
studies with larger samples. 
The research clearly indicates that the educators themselves seem to have no problems with 
access to e-learning resources and infrastructure and are seemingly aware of the benefits of 
e-learning for learners. Furthermore, the study revealed that the respondents had an 
adequate understanding of e-learning software and hardware issues, and received adequate 
support from their IT departments implementing e-learning.  It can thus be surmised that 
though the Internet’s perceived usefulness and ease of use is understood, there is lack of 
understanding regarding its strategic value to the tourism and hospitality industry, in 
particular, has a significant effect on the reported patterns of the Internet’s educational 
implementation.  
To allow educators to further increase and enhance their type and levels of use of Internet’s 
tools in their pedagogical modes, institutions need to formulate strategic plans and 
implementation practices that overcome obstacles in educators’ behaviour toward 
developing the full potential of e-learning in tourism and hospitality higher education. 
South Africa has a potentially important role to play in providing support for developing a 
tourism and hospitality e-learning tertiary education platform for learners throughout the 
SADC region.  
The findings seem to suggest that the SADC educators lack a strategic sense of how to 
implement e-learning in tourism and hospitality higher education. Educators treated the 
Internet as a simple information-searching medium, with little sharing or making 
information available to learners; or, communicating with their learners. A noticeable 
proportion of SADC educators however, are increasingly aware of the potential of e-
learning in delivering education to learners who otherwise would not be able to enter 
tourism and hospitality higher education. Regarding factors affecting the usage of the 

 

Internet, the research reveals that most respondents believe that poor IT infrastructure and 
poor student preparedness in the use of e-learning are the main reasons for not using e-
learning as an educational tool. Importantly, the research seems to suggest, albeit indirectly, 
that the educators do not appreciate enough the value of the Internet (and e-commerce in 
general) as a developmental tool in promoting new positive attitudes concerning sustainable 
tourism development and improving the quality of life of the recipient communities. There 
are a number of implications, according to Sigala (2002 a), for e-learning in tourism and 
hospitality higher-education. Educators need to move away from e-learning models that 
simply re-implement existing practices by “webifying” them. As e-learning is redefining 
how skills and knowledge is acquired, educators should re-examine how e-learning occurs 
and how e-learning instruction can be facilitated. Educators need to migrate to higher-order 
e-learning models that more fully exploit the Internets capabilities and tools to advance e-
learning and learning. Student-centred (collaborative and constructivism) and student-
determined (personalised) e-learning environment are steps toward that direction.  
It is important to create conditions that favour e-learning and to eliminate barriers that 
prevent learners from participating in e-learning (Collins et al, 2003). This is very relevant 
for the SADC region which is plagued by: HIV/AIDS (and therefore; single parent, or no 
parent families); poor infrastructure; and general poverty, not to mention the huge disparity 
that exists between South Africa and the other SADC members-states in the provision of e-
learning and the potential danger of domination of this area by South Africa. 
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Respondents were asked to rate the usefulness of the Internet as an educational tool and 
they strongly agreed on the following: the Internet provides the educators with data that 
had not been accessible to them before (94%); the Internet allows faster information 
gathering than other information resources (90%); the Internet enables the development of 
interactive discussions that had not been possible before (84%); and the Internet tools allows 
the immediate distribution of information in a way that  was not possible before (96%).  
Finally, respondents were asked to rate the level of IT support that they received and most 
agreed that: getting assistance from the IT personnel is easy (92%); information regarding 
the Internet tools is available (85%); the extent of user support is appropriate (90%); and 
problems or requests are answered reliably (86%). 
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It should be noted that because of the limited response rate from SADC higher tourism and 
hospitality education educators (apart from South Africa), it is not possible to claim that the 
findings in this study are generally representative of the SADC region. The researchers 
speculate that the situation, concerning the use of tourism and hospitality higher education 
e-learning, is most likely worse in a number of SADC member countries than what the 
results of this study suggest. In addition, the sample size was determined in part by budget 
constraints, which inherently impeded the study. However, this study provides critical 
insight on the state of affairs in tourism and hospitality higher education e-learning in 
SADC. It is a ground-breaking study which could be explored further through longitudinal 
studies with larger samples. 
The research clearly indicates that the educators themselves seem to have no problems with 
access to e-learning resources and infrastructure and are seemingly aware of the benefits of 
e-learning for learners. Furthermore, the study revealed that the respondents had an 
adequate understanding of e-learning software and hardware issues, and received adequate 
support from their IT departments implementing e-learning.  It can thus be surmised that 
though the Internet’s perceived usefulness and ease of use is understood, there is lack of 
understanding regarding its strategic value to the tourism and hospitality industry, in 
particular, has a significant effect on the reported patterns of the Internet’s educational 
implementation.  
To allow educators to further increase and enhance their type and levels of use of Internet’s 
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e-learning models that more fully exploit the Internets capabilities and tools to advance e-
learning and learning. Student-centred (collaborative and constructivism) and student-
determined (personalised) e-learning environment are steps toward that direction.  
It is important to create conditions that favour e-learning and to eliminate barriers that 
prevent learners from participating in e-learning (Collins et al, 2003). This is very relevant 
for the SADC region which is plagued by: HIV/AIDS (and therefore; single parent, or no 
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1. Introduction 
 

Projects play an important role in practical work, in education, and in science. The use of 
projects in university comprises several tasks that are usually perceived as separate units: to 
do research and transfer projects, to teach project management and dedicated subjects, to 
educate students for research and practical work, and to achieve relevant results within 
student’s projects. The integration of these aims with limited resources causes a lot of 
synergetic effects but is only possible with a systematic approach. 
To teach students the skills of project management and research methodology, it is 
necessary to provide them with tasks that offer a high amount of practical impact as well as 
a high chance of success. To teach special course contents, the project must also be matched 
to the course curriculum and to the students´ level of knowledge. To lead students to 
scientific thinking and to enable them to do own research, a sequence of own projects is 
required, in which the scientific level of the research and the degree of self organisation of 
the teams increase successively. In addition, the integration of students with different levels 
of knowledge in each individual project gives additional challenges and chances through 
peer learning.  
To integrate all these challenges and to meet the requirements of all stakeholders, Prepared 
Project Method (PPM) treats projects with a planning games approach using experiential 
learning, didactically selected tasks, and carefully prepared project settings. This makes it 
possible to carry out projects that have a real-life training effect of the self organisation and 
research capacities of students as well as excellent chances of success and positive impact on 
project customer organisations and university. PPM uses a well established template for 
project planning and meta-planning and concentrates on the preparation phase to ensure 
project success. We reflect on the results achieved with PPM in teaching subjects like project 
management, quality and environmental management, sustainable development and 
computer science projects as well as in preparing students for undergraduate and post 
graduate research and in doing practical research in several areas of management, 
engineering and economics to give a practical guideline to using projects as a method of 
university training, teaching and research education.  
This chapter is based on the results presented in (Holzbaur 2008). 
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2. Project Management in Higher Education 
 

A study of Deutsche Bank (DB Research 2007) points out that the twenty first century will be 
the century of “project economics” replacing classical companies conceptualised for a 
potentially infinite continuous work for centuries by short termed result oriented 
enterprises. According to this study, in 2020 those project companies that are dedicated 
project organisations will contribute to 15% of the value created in Germany. Looking at 
successful classical companies, we also find that projects are ubiquitous: projects are 
essential part of the business in management and technology, and any routine job is at least 
complemented by some reorganisation or quality improvement project.  
For university education and research this is one reason to concentrate on project manage-
ment – not only for management faculties. Projects can be an object of research; they are a 
critical criterion for professional success and an important tool for research and manage-
ment.  Project management will be a must for any student in higher education. The other 
reason lies in the fact that with an increasing importance of research in modern universities, 
projects become even more important: research is project oriented since it is outcome 
oriented. Any enterprise which aims at a predefined result (not necessarily in the form 
“what should be the result” but “of which quality should be the outcome”), wants to get 
results in a final time (either within a project thesis or a professor’s active time) and has to 
deal with limited resources (which we have in university and industry) would rather use 
project management than just hope for the divine enlightenment.  
The Bologna process (EU 1999) aims to create a European space of higher education and re-
search. The most important impact on curricula and courses is given by the following aims: 
 Adoption of a system essentially based on two main cycles, undergraduate (Bachelor) 

and graduate (Master). This means that especially the Universities of Applied Science 
and the former (poly-) technical universities face an increasing amount of postgraduate 
research. 

 Establishment of a system of credit points as a means of promoting student mobility and 
flexibility. This also allows to define credits according to the workload of the student and 
to increase the amount of project work. 

 Establishment of a European Space of Research.  Within projects, students can overcome 
language barriers easier, be integrated faster and more intensively, and become more 
involved to the culture of a country than in lectures.  Supervising projects in a foreign 
language is much easier and more effective than giving lectures in this language.  

As a consequence, research and project aspects will become more interweaved with higher 
education. As research is outcome oriented and project based, researchers must learn to 
work in a result-oriented environment. Moreover, projects can also lead them to the metho-
dology of research.  The issue of managing research projects is e.g. addressed in (Holzbaur 
2009). Management of research organisations is e.g. addressed in (Jain/Triandis 1997). The 
knowledge generated by research in universities is e.g. analysed in (Gibbons 1997).  
Research with respect to projects in education has mainly been done with respect to the use 
of the “project method” in schools. There are a lot of reports on successful projects in 
education, but few remarks on the method of training. Project oriented approaches are e.g. 
“TheoPrax” that collects potential projects in industry and distributes them to the partici-
pating schools (Krause 2007) and “Schüler-Ingenieur-Akademie” where industry, school 
and university guide learners of school grade 11 through one year of an engineering project 
(Südwestmetall 2009).  

 

2.1 Project Management Skills and Knowledge 
Project management is an important skill for academics and is taught in a variety of courses 
in engineering and economics. An important basic and quasi a standard for project manage-
ment is the Project Management Body of Knowledge (Project Management Institute 2004) 
Project management is the systematic approach for executing and leading projects. The pro-
ject approach has the goal of achieving the result (project aim) certainly and efficiently, 
especially to prevent the explosion of costs and the delay in time; and to reduce uncertainty 
and risk.  
Managing a project involves: 
 defining vision, goals and targets in terms of results, quality, time, and resources, 
 structuring the work to break down a big task to portions that can be delegated,  
 preparing, planning, evaluating, and organizing assignments,  
 executing these tasks in goal-oriented team-work,  
 communicating with everyone involved (team, stakeholders),  
 monitoring task fulfilment and ensuring goal achievement, and  
 bringing the project to a successful ending and completing it to everyone’s satisfaction. 
A project manager’s task consists – in contrast to that of a line manager – of 
 thinking in terms of results and phases, rather than time periods and sequences,  
 being able to deal with uncertainties,  
 being able to lead team members, even when (s)he is not their superior.  
The success factors for any project manager lie in an overall combination of  
 expertise: knowledge of the field, the matter at hand, and the facts, 
 methodological competence: methods, applications, problem solving ability, 
 social competence: dealing with people, responsibility, and assertiveness, 
 personal competence: personality, motivation, self-management. 
Projects effect a temporary reorganization and reassignment of responsibility within the 
organization. The centre of every project is the project team that leads the project and is 
responsible for the success.   
The magic project triangle or triad is formed by three corners each representing one of the 
project determinants. At the start of the research project, student and supervisor should be 
clear about the elements of the project triad regarding expectations from both sides. Their 
expectations have to match; otherwise the project will not be brought to a satisfactory end. 
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2. Project Management in Higher Education 
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A project manager’s task consists – in contrast to that of a line manager – of 
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 being able to deal with uncertainties,  
 being able to lead team members, even when (s)he is not their superior.  
The success factors for any project manager lie in an overall combination of  
 expertise: knowledge of the field, the matter at hand, and the facts, 
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 executing these tasks in goal-oriented team-work,  
 communicating with everyone involved (team, stakeholders),  
 monitoring task fulfilment and ensuring goal achievement, and  
 bringing the project to a successful ending and completing it to everyone’s satisfaction. 
A project manager’s task consists – in contrast to that of a line manager – of 
 thinking in terms of results and phases, rather than time periods and sequences,  
 being able to deal with uncertainties,  
 being able to lead team members, even when (s)he is not their superior.  
The success factors for any project manager lie in an overall combination of  
 expertise: knowledge of the field, the matter at hand, and the facts, 
 methodological competence: methods, applications, problem solving ability, 
 social competence: dealing with people, responsibility, and assertiveness, 
 personal competence: personality, motivation, self-management. 
Projects effect a temporary reorganization and reassignment of responsibility within the 
organization. The centre of every project is the project team that leads the project and is 
responsible for the success.   
The magic project triangle or triad is formed by three corners each representing one of the 
project determinants. At the start of the research project, student and supervisor should be 
clear about the elements of the project triad regarding expectations from both sides. Their 
expectations have to match; otherwise the project will not be brought to a satisfactory end. 
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The determinants of the project are the corners of the project triangle:  
 Quality, result (qualitative and quantitative) 

 Vision: change in the state of some system.  
 Aims: final product, project result. 
 Value: positive contribution of the project.  
 Quality: measure of aim achievement, product quality. 

 Resources 
 Personnel: training, knowledge, motivation, availability. 
 Staffing: working time (product of personnel and time). 
 Materials; hardware, software, infrastructure. 
 Support with respect to technical, financial, managerial and political aspects. 
 Money: costs of resources (free market prices or internal cost accounting). 

 Target date 
 Calendar time (months, days).  
 Precision: probability of time overrun, quality and reliability of timeline estimates.  

No corner on the project triangle can be altered without affecting the other two. 

 
2.2 Visions and Work 
A project starts from a vision: it is initiated to achieve some results and to change 
something- The vision is the link between the external project sponsors and the internal 
project team and the glue that binds the project team together.  
From the vision, the project manager derives the project mission and work. To cite Thomas 
Alva Edison on genius, also success “is one per cent inspiration, ninety-nine per cent 
perspiration“.  This means that the vision has to be transformed to aims, mission, work plans, 
criteria and deliverable items.   
The projects manager must be able to develop a vision, create a mission statement and a 
viable project plan, and communicate these to the sponsors and the team. The sponsors 
must be convinced to trust in the project team and to support them in all aspects as 
financial, managerial, technical and political promoters. The team members must be 
convinced to form a team that is motivated and that implements the project plan efficiently. 
The project vision, mission and plan are essential to guarantee project success. 

 
2.3 Project planning skills  
Project planning is the core business of project management and requires some technical 
skills. Project planning is based on the work-package structure (Work Breakdown Structure, 
WBS) and on milestones. Networks and cost estimates are based on this WBS. Teaching 
project management involves the training of all planning aspects. These planning aspects 
are needed to plan research and real life projects as well as to apply for projects and grants. 
The Work Breakdown Structure (WBS) defines the total task and divides it into a 
hierarchical way down to small work packages. The term Work Package (WP) applies to the 
lowest, irreducible level of the WBS, but sometimes is used also for the packages on the 
intermediate levels. This makes sense since any work package can be divided in several sub-
packages in the course of planning and project controlling.  
A milestone plan can be created from the network plan (best by using closing dates). Slip 
times (float, buffers) can be determined from the project schedule network diagram. Even if 

 

no network plan is created, a milestone plan should be defined. It can be based on the work 
structure plan. A suitable basis can also be provided by a simple division of the work into 
phases. Fixed dates should be arranged for the phases. The length of the phases, of course, 
depends on the tasks.  
Milestones have to be well defined, i.e., it has to be clear what result or criterion has to be 
met at the milestone. A criterion such as "six weeks reflecting" defines neither a phase result, 
nor a valid milestone. The most useful milestones are reviews or audits. They can be 
performed formally or simply in the form of a presentation for colleagues (peer review). 
The basis of effort estimation is the personnel resource, the product of time and personnel. 
The person-day may be a controversial measure of productivity in industry, but for research 
it is the only viable basis. An important foundation for this is laid by measuring require-
ments and resources according to the same unit of measurement, i.e., either working days or 
hours. Estimating on the basis of hours tempts one to add up the net working time 
(productive work time) and then to divide it by a working time of 8 to 10 hours. In this way, 
it is easy to overlook "resource hogs", with the result, that the timetable cannot be 
maintained. Before creating the work structure plan, it is helpful to consider whether the 
work packages should be estimated in net hours or gross hours, and whether the 
recalculation in days, weeks, and years will be done on the basis of standard employee data 
(e.g. 5-day-week) or on the data for a researcher or students (with a higher workload per 
semester but possibly with further duties) and whether vacation times and weekends 
should be explicitly included in calculations.  
The total resource consumption in terms of staff hours and costs of the project can now 
easily be obtained by estimating the resource consumption for each Work Package and 
adding up the partial costs in the hierarchical Work Breakdown Structure.  

 
2.4 Project Controlling Skills 
Controlling ensures the successful completion of projects. A project not only has to be 
planned, it also has to be monitored constantly, and brought to a successful conclusion by 
taking appropriate control measures. Estimates have to be constantly adapted to changing 
circumstances, so that, with time, planning becomes better and more precise. 
In addition to the paths of communication, responsibility has to be regulated for 
communication (push/pull meaning the obligation to provide / to ask for information). Re-
porting paths must be structured around the project structure.  Reporting has to include: 
 information on work packages completed or in progress, as well as milestones, 
 information on allocated resources and determinations regarding resource allocation, 
 information on unusual events and problems. 
Control measures should be taken as soon as possible. In contrary to classical control theory, 
project control can not be done by just increasing the value of some input variable (staff, 
money) since this is also part of the magic triad. Hence, project control involves replanning 
and rescheduling. 

 
2.5 Excellence and Quality 
Any organisation that is interested in a long term success must deal with the issues of 
quality and sustainability. Excellence is an attitude towards running a business or any 
operation than strives to do the best job and to the job best. This includes the notion of 
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Any organisation that is interested in a long term success must deal with the issues of 
quality and sustainability. Excellence is an attitude towards running a business or any 
operation than strives to do the best job and to the job best. This includes the notion of 
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The determinants of the project are the corners of the project triangle:  
 Quality, result (qualitative and quantitative) 

 Vision: change in the state of some system.  
 Aims: final product, project result. 
 Value: positive contribution of the project.  
 Quality: measure of aim achievement, product quality. 

 Resources 
 Personnel: training, knowledge, motivation, availability. 
 Staffing: working time (product of personnel and time). 
 Materials; hardware, software, infrastructure. 
 Support with respect to technical, financial, managerial and political aspects. 
 Money: costs of resources (free market prices or internal cost accounting). 

 Target date 
 Calendar time (months, days).  
 Precision: probability of time overrun, quality and reliability of timeline estimates.  

No corner on the project triangle can be altered without affecting the other two. 

 
2.2 Visions and Work 
A project starts from a vision: it is initiated to achieve some results and to change 
something- The vision is the link between the external project sponsors and the internal 
project team and the glue that binds the project team together.  
From the vision, the project manager derives the project mission and work. To cite Thomas 
Alva Edison on genius, also success “is one per cent inspiration, ninety-nine per cent 
perspiration“.  This means that the vision has to be transformed to aims, mission, work plans, 
criteria and deliverable items.   
The projects manager must be able to develop a vision, create a mission statement and a 
viable project plan, and communicate these to the sponsors and the team. The sponsors 
must be convinced to trust in the project team and to support them in all aspects as 
financial, managerial, technical and political promoters. The team members must be 
convinced to form a team that is motivated and that implements the project plan efficiently. 
The project vision, mission and plan are essential to guarantee project success. 

 
2.3 Project planning skills  
Project planning is the core business of project management and requires some technical 
skills. Project planning is based on the work-package structure (Work Breakdown Structure, 
WBS) and on milestones. Networks and cost estimates are based on this WBS. Teaching 
project management involves the training of all planning aspects. These planning aspects 
are needed to plan research and real life projects as well as to apply for projects and grants. 
The Work Breakdown Structure (WBS) defines the total task and divides it into a 
hierarchical way down to small work packages. The term Work Package (WP) applies to the 
lowest, irreducible level of the WBS, but sometimes is used also for the packages on the 
intermediate levels. This makes sense since any work package can be divided in several sub-
packages in the course of planning and project controlling.  
A milestone plan can be created from the network plan (best by using closing dates). Slip 
times (float, buffers) can be determined from the project schedule network diagram. Even if 

 

no network plan is created, a milestone plan should be defined. It can be based on the work 
structure plan. A suitable basis can also be provided by a simple division of the work into 
phases. Fixed dates should be arranged for the phases. The length of the phases, of course, 
depends on the tasks.  
Milestones have to be well defined, i.e., it has to be clear what result or criterion has to be 
met at the milestone. A criterion such as "six weeks reflecting" defines neither a phase result, 
nor a valid milestone. The most useful milestones are reviews or audits. They can be 
performed formally or simply in the form of a presentation for colleagues (peer review). 
The basis of effort estimation is the personnel resource, the product of time and personnel. 
The person-day may be a controversial measure of productivity in industry, but for research 
it is the only viable basis. An important foundation for this is laid by measuring require-
ments and resources according to the same unit of measurement, i.e., either working days or 
hours. Estimating on the basis of hours tempts one to add up the net working time 
(productive work time) and then to divide it by a working time of 8 to 10 hours. In this way, 
it is easy to overlook "resource hogs", with the result, that the timetable cannot be 
maintained. Before creating the work structure plan, it is helpful to consider whether the 
work packages should be estimated in net hours or gross hours, and whether the 
recalculation in days, weeks, and years will be done on the basis of standard employee data 
(e.g. 5-day-week) or on the data for a researcher or students (with a higher workload per 
semester but possibly with further duties) and whether vacation times and weekends 
should be explicitly included in calculations.  
The total resource consumption in terms of staff hours and costs of the project can now 
easily be obtained by estimating the resource consumption for each Work Package and 
adding up the partial costs in the hierarchical Work Breakdown Structure.  

 
2.4 Project Controlling Skills 
Controlling ensures the successful completion of projects. A project not only has to be 
planned, it also has to be monitored constantly, and brought to a successful conclusion by 
taking appropriate control measures. Estimates have to be constantly adapted to changing 
circumstances, so that, with time, planning becomes better and more precise. 
In addition to the paths of communication, responsibility has to be regulated for 
communication (push/pull meaning the obligation to provide / to ask for information). Re-
porting paths must be structured around the project structure.  Reporting has to include: 
 information on work packages completed or in progress, as well as milestones, 
 information on allocated resources and determinations regarding resource allocation, 
 information on unusual events and problems. 
Control measures should be taken as soon as possible. In contrary to classical control theory, 
project control can not be done by just increasing the value of some input variable (staff, 
money) since this is also part of the magic triad. Hence, project control involves replanning 
and rescheduling. 

 
2.5 Excellence and Quality 
Any organisation that is interested in a long term success must deal with the issues of 
quality and sustainability. Excellence is an attitude towards running a business or any 
operation than strives to do the best job and to the job best. This includes the notion of 
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communication (push/pull meaning the obligation to provide / to ask for information). Re-
porting paths must be structured around the project structure.  Reporting has to include: 
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 information on allocated resources and determinations regarding resource allocation, 
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Control measures should be taken as soon as possible. In contrary to classical control theory, 
project control can not be done by just increasing the value of some input variable (staff, 
money) since this is also part of the magic triad. Hence, project control involves replanning 
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2.5 Excellence and Quality 
Any organisation that is interested in a long term success must deal with the issues of 
quality and sustainability. Excellence is an attitude towards running a business or any 
operation than strives to do the best job and to the job best. This includes the notion of 
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sustainability in both meanings: sustainable yield as the basic idea in business that makes 
sure that the company is increasing its value continuously and sustainable development that 
makes sure that also future generations will have the ability to meet their needs. It also 
includes the notion of quality in the external (or product oriented) notion of customer 
satisfaction and in the internal (or process oriented) notion of total quality management. 
There are also ethical aspects in the business objectives that link excellence to the external 
effects of an organisation. Corporate social responsibility and sustainability are also part of 
the EFQM quality model (EFQM, 2009) that has an explicit part on “Society Results”.  
Although there are many definitions of quality, we can define a common core: Quality is the 
ability of a product or service to fulfil customer’s needs. Following a short-sighted approach 
of maximising sales and turnover, a company will concentrate on their given set of products 
and customers trying to optimise quality attributes with respect to their wishes. For a long-
run success, it is necessary to fulfil the potential needs (which may not exist up to now) of 
future customers (whom we do not know) and of the company’s stakeholders. 
For a university, excellence is the key factor for success. Science is defined by a high 
standard of accuracy and exactness and needs excellence to perform adequately. Hence, 
quality and sustainability play an important role in the education in economics and 
engineering.  

 
3. Projects for Education 
Projects are used in education as a tool of teaching and as a method of achieving results. 
They can also be used for acquiring various skills. 

 
3.1Teaching with Projects 
In Universities of Applied Science it is good standard that all subjects are taught with a 
sound theoretical background and a close look on the applications and applicability. To 
achieve an optimal learning success, it is helpful to integrate practical aspects into the 
individual courses. This means that theory and practice are not taught in parallel but are 
integrated.  
The learning effect is best when there is a balance between theory and practice, and it can be 
improved by carefully preparing the projects.  
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connection to practice 
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None 
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experience 

None Good  
(depending on the preparation)  

High – but without any 
connection to methods 

Effort for the 
responsible 

Like in other lectures High  
(preparation + implementation)  

Depends on the degree 
of preparation 

Learning 
success 

Moderate High  
(integration +reflection) 

Depends on chance 

Table 1. Combining theory and practice in teaching 
 
This integration requires some effort in the preparation, but gives a rewarding outcome for 
the trainer and the student. The integration of theory and practice can be done via the 
sandwich principle which is enhanced to a fractal structure integrating theory and practice. 
This may be visualised by a sandwich-in-double-decker structure: into each block of the 
double-decker, a practice/theory part is inserted. In fact, more theoretical insertions may be 
planned or initiated by student’s presentations, and practical insertions may be added by 
dedicated project tasks.  
 
 Core Subject Insertion Core Subject 
Theory  Course and project subject Teambuilding Project planning 
Practice Project definition Project management Project start and kick-off 
Theory  Course subject Project planning Course subject 
Practice Project work Project analysis Project presentations 
Theory  Summary of course subject Final presentations Reflections on projects 
Table 2. Phases in training with projects 

 
3.2 Main Competences 
General competences gained via projects and needed in research comprise: 
 To plan in a result-oriented way considering the requirements with respect to quality, 

resources and timelines and their interactions. 
 To structure the aims and the tasks to be accomplished in order to achieve these aims in 

order to organise the work.  
 To model the problem and the systems under consideration, select or develop adequate 

models as a basis for problem solving, explanation and communication. 
 To argue and preview argumentations and counter-argumentation in advance making 

sure that the result can be and argued in a written documentation and defended in an 
oral presentation. 

 To document the results and processes leading to these results. 

 
3.3 Scaling the project 
In preparing a project the course responsible must consider  
 the customer within his/her organisation or even the set of customers, stakeholders and 

sponsors, (in some cases, a lot of hierarchical levels are involved), 
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General competences gained via projects and needed in research comprise: 
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 the students´ team and the individual student, (the students have restrictions regarding 
their time and knowledge), 
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The scaling of the projects is an important task since it makes sure that the learning effect 
and project outcome will be optimal. There are two phases of calibration: 
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trainer has to match the projects aims (quality) and the number of team members (resources) 
to the requirements of the various project stakeholders and the expected level of 
performance of the students. 
The second calibration phase takes place in the starting phase of the project when the 
students have to match the expected outcome, schedule and resources to the stakeholder 
requirements and to their own capabilities. Very similar to a research proposal, the students 
define the project outcome in a paper which must be agreed by the trainer (professor) and 
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Throughout the course of the project, calibration of the project triangle is done in the context 
of project controlling. 

 
3.4 Project Control and Responsibility 
Controlling must make sure that the total project target (within the magic triangle) is 
achieved. The best way of project controlling is good project planning. For the methods of 
project controlling we refer to the literature. It is important to consider not only the technical 
aspects of project controlling but also the interactions between supervisor and project team. 
In the course of the project, the role of the supervisor changes from a team-mate or leader to 
a formal examiner.  
 

 

In the beginning, the supervisor is supposed to guide the project team and to help them in 
finding the right project definition. At the end of the project, the supervisor has to evaluate 
the project and to grade the students´ work.  
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Fig. 4. Tasks of the supervisor in the course of the project 
 
According to the changing tasks within the project, the focus on different roles and the type 
of interaction change. The relation between student and supervisor changes from a team to 
an examination situation. The student has to know this and has to accept that the initial co-
operation will finally lead to an assessment of the result. To make this evolution clear to the 
student, formal or informal presentations can be used to show the focus of the actual phase 
of work. 
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3.5 Modelling Skills 
In any project, students use models: as a means of planning, a tool for working, or as an 
object of their research. Sometimes, students also develop models – in most cases not a 
formal mathematical model but an informal one with a “soft” syntax and intuitive 
semantics. Modelling skills are very important competences in research. Here, we give some 
basic definitions and explanations: 
 A system is any – real or mental - part of the real world that is identified by giving either 

the parts of the system and the relations between them, or the boundaries of the system 
and relevant aspects to be considered. A system is also something abstract since it is not 
something that can be identified in reality and the consideration of parts of reality is an 
idealisation in itself. 

 A model is a representation of some system that is used for a special purpose. This 
means that the model itself is a – more or less abstract – system tat has some purpose 
and some relation to another system.  
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The criteria for a model are that the model maps the relations which are valid in reality. The 
result from the image of an action (analysis, transformation, measurement) in the model 
must be the image of the result of this action. 
 

Real world action Real world result 

Model of the action Model of the result 

modelling modelling 

Fig. 6. Criteria for a model 
 
Using the (ambiguous) notations for modelling m and for the effect e of an action, the 
diagram commutes, i.e. for any real world action a we have m(e(a))= e(m(a)). In fact, the 
mappings for the effects in the real system and in the model are different since they are 
defined on quite different structures. Moreover, we also have to take into consideration that 
neither m nor e can be modelled formally. 
 

 
Collect Data  (Experiment) 

Analysis and Interpretation 

Formulating the Research Problem (Hypotheis) 

Design a Research Strategy 

 
Fig. 7. Models in the Research Cycle  
 
Students must learn to select adequate models, to determine the model’s structure and 
parameters, and to analyse models and relations in order to test and improve the model. To 
use the model, formal analysis, informal argumentation or simulations have to be used, and 
the results have to be interpreted correctly.  

 
4. Prepared Projects Method 
 

The Prepared Projects Method (PPM) is a method for planning, defining and conducting a 
portfolio of projects in order to simultaneously educate students and achieve results in a 
systematic way. PPM is based on project management and planning games. 

 
4.1 Action oriented learning 
In all cases, projects are defined by the supervising professor, and an external customer (in 
most times being more a stakeholder than a sponsor) is identified. This challenges the 

 

communication and cooperation skills of the students, since they get a coarse outline and a 
person acting as a customer instead of a well-defined list of criteria. The students must 
define the project vision and scope, the level and method of research, expected outcome and 
deliverable items, resource allocation, timelines and the way of publication. This must be 
communicated to and agreed by the customer and the supervisor. 
In this type of experiential learning, the students learn facts and skills such as planning, use 
of management tools, documentation and scientific work. But even more important are the 
“soft skills” such as leadership, self-confidence and communication skills. These skills 
cannot be acquired within a classroom lecture; but the practical project urges the students to 
communicate among each other and with other groups of people. They must come up with 
common goals and a common plan and must co-operate with other students. They must also 
think about the consequences of their actions and the possible outcomes of a project for 
other people. 

 
4.2 Planning Games  
A planning game is a teaching method that is mainly based on a situation and some 
dynamics, in which the trainee has to make decisions and will experience their 
consequences. Planning games are a very effective and efficient way of teaching and 
training.  
Planning games can be seen from different points of view (Holzbaur et al. 2005): 
 a model of the real world used for didactical purposes, 
 a simulation with didactic background,  
 a controlled experiment,  
 a method of teaching close to reality,  
 a method of learning by making decisions and experiencing the effects.  
The definition of a planning game can start from different aspects:  
 Didactical aspect: A planning game is a training procedure that consists of a dynamic 

system, in which the trainee has to make decisions that influence the system. 
 Model aspect: A planning game is a dynamic model in which decisions are required, and 

which has a didactic purpose. 
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The core aspects of planning games can be transferred to Planned Projects. 
 
Aspect Planning game PPM  
Model  The learning situation cannot take place 

in real. Decisions cannot be tried in 
reality. 

Planned projects are selected prototypes 
of projects. By means of intensive prepa-
ration, the risk is reduced.  

Decision The decision aspect is crucial for management, planning games and projects. 
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projects evaluation.  
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Dynamics are implemented by a script or 
software, by a trainer’s intervention, or by 
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Dynamics are given by the project phases 
and the evolution of the project. 

Didactics The planning game and the planned project have a purpose in training and education. 
They are adapted to a specific training situation (trainees, targets, available time and 
resources) and must be adapted to the situation and guided by an experienced 
supervisor or trainer.  
Training oriented (no impact on reality) Outcome and education oriented  
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 preparing each project and the contact with customers and stakeholders to ensure 

project benefit,  
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for the whole semester group), to the university and to the customer. 
 
 

 

Benefits for the partners are: 
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Weeks Activities  
- 110 Collect ideas and get into contact with potential projects partners. 
- 105 Plan the long term projects (more than one year) Contact potential project partners  
- 55 Plan the long term projects (one year or less). Contact potential project partners  
- 30 Define series of projects for one or several semesters. 
- 14 With the previous semester’s project finalisation ideas for subsequent projects arise. 
- 9 Select the projects for the forthcoming semester. 
- 8 Develop a concise project understanding including scope and deliverables 
- 7 Fine tune project with the projects partners, customers and sponsors. 
- 6 Publish a preliminary list of projects to get feedback from the students  
- 2 Adjust number and scope of projects according to the expected number of students 
-1  Publish the formal project definitions including partners and preliminary aims.  
0 Open the projects for enrolment. 
+ 1 Adjust number and scope of projects according to the actual number of students 
+ 2 Kick-off-presentations and internal project definition 
+ 3 Teams get in contact with customers and stakeholders: external project definition 
+ 5 Project presentation (definition: aims, vision, deliverables, resources, schedule) 
+ 8 Intermediate presentation (Project controlling) 
+ 12 Final presentations for project partners  
+ 12 Define subsequent projects  
+ 14 Joint final presentation of all semesters and projects  
+ 15 Press release on project 
+ 16  Regular due date for deliverables 
+ 22 Planning for subsequent projects   
+ 23 Final due date for deliverables  
+ 24 Aftermath, improvement of materials, press release on project consequence  
+ 26  Next generation of projects starts 

Table 4. Generic PPM Project Schedule 

 
4.5 Curricular prerequisites  
Prepared Projects Method can be used to train project management, and to teach practical 
aspects of any course subject in real world projects. Projects can be integrated with lectures, 
run in parallel, or be a separate course unit. For the sandwich principle and for PPM, it is 
important that lectures and projects are integrated. This should be facilitated by a module 
(or course) description that assigns workload to classroom lectures as well as to the project. 
In order to assure the learning effect from each project also for those students that partici-
pated in another project, project presentations should be included as a considerable part of 
the workload (credit points) and evaluation (marks), and they should be attended by all 
students. 
The following typical module description shows the basic feature of a course unit using 
PPM as a method of teaching. 
 

 

Teaching 
Method 

Lectures and presentations: Learning by doing in a practical project (defined by the 
lecturer) including plenary project presentations and supervisor’s meetings with the 
individual project teams 

Remarks The project subjects will be announced at the beginning of the semester. 
Since the experiences of the other teams are an essential component of the learning 
process, participation in the project presentations is mandatory.  

Semester 
schedule 

Within the semester (weeks relative to the start of lectures)  
Introduction and presentation of project subjects week 0 – 1 
Project selection and team building  week 1 – 2 
Presentation of project plan week 3 – 5 
Intermediate Presentation week 8 - 11 
Final presentation  week 14 – 16  

Examination Type and internal 
weightings 

Project plan in written form 20% 
Presentations 20% 
Project management report and project reflection  20% 
Project result documentation, deliverable items 40% 

Accreditation  Re-
quirements: 

To be present in the introduction, the team building, the 
assignment of project subjects and in the final presentations. 

Accepted 
materials 

All (The rules for intellectual property and scientific citation 
have to be obeyed.) 

Workload Contact hours Lectures and presentations (active/passive) 36 h 

  Supervisor meetings  4 h 

 Self-organized  Project 120 h 

 Self-Study Theory 20 h 

 Sum: 6 Credit points  180 h 

Table 5. Typical parts of a module description for project based learning via PPM. 

 
4.6 Project Partners   
External partners or customers for projects are important since they give sense and chal-
lenge to the project. Although the course responsible himself could take the role of a cus-
tomer, this is only possible in a limited number of projects. There are two main types of 
partners: 
 Industry can provide small tasks to improve products or processes or to analyse markets 

and systems. Real world industry projects are mostly critical in time and resources. 
Moreover, confidentiality imposes severe restrictions on the project documentation. 
Nevertheless, industry and business can provide interesting projects especially for mar-
keting and product design.  

 Government, public organisations and non-profit organisations (including universities 
and parts thereof) often have a lack of staff; hence, project management itself and a lot of 
standard competences (surveys, marketing, modelling, and management) can be applied 
in a very helpful way. Moreover, the problems would not be addressed otherwise; 
hence, the projects are not time critical and can be easily matched to the semester 
schedule. 
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Intermediate Presentation week 8 - 11 
Final presentation  week 14 – 16  

Examination Type and internal 
weightings 

Project plan in written form 20% 
Presentations 20% 
Project management report and project reflection  20% 
Project result documentation, deliverable items 40% 
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4.6 Project Partners   
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5. Projects in Education for Research 
 

Prepared Projects Method is well suited for education for research since is provides insight 
and action oriented knowledge.  The following considerations are valid for all types of pro-
jects, but are especially important in research projects and with respect to research skills. 

 
5.1 Vision and Deliverables 
In pure research, we consider the published paper as a main output; in applied research, we 
have several additional categories of outcomes (Holzbaur 2009).  
Part of the envisioned project outcome may be a change in the state of some project partner 
or project object. These types of effects are mostly contained in the vision of a project but the 
effects cannot be measured directly. In most cases, the assessment of the effect – if possible – 
will be a task for a subsequent research project.  
The directly measurable outcomes are those results that can be physically delivered to the 
customer. In commercial projects, these deliverable items are subject of the project contract; 
in university projects they are agreed upon between the project team, customers, stake-
holders and the supervisor.  
In addition, the scope of the project must be agreed, and it defines which items will be part 
of the project and which will be left aside. E.g. a technical development project may 
comprise each of the following results: 
 A problem analysis and stakeholder identification 
 A requirements analysis for the stakeholders identified 
 A systems concept or a systems specification defining the functionality 
 An analysis of the interaction between product, user and environment  
 A design specification or  a detailed development specifications 
 A product description and implementation/production specification 
 A life cycle impact analysis of the product and its use  
 A prototype or a product from series production  
 A set of documentations e.g. design or compliance documentation 
 A set of manuals e.g. user’s manual, maintenance and repair manual  
 Test specifications, test results and review protocols on various levels 
Deliverable items also comprise: 
 Presentations and the documentation thereof (file) 
 Project management documentation 
 Project result (according to the scope of the project) 
 Publications (press release, scientific paper) and posters 

 
5.2 Setting targets as a part of the game 
Traditionally, in an educational environment, projects are defined by giving a task to the 
learners. The mission has to be accomplished and some items have to be delivered at a 
predefined minimum quality. 
In an analogy to a research proposal, students in a project should rather submit the project 
outline that comprises vision, mission, scope and deliverable items for the project and that 
must be agreed by the stakeholders. This will guarantee involvement in a project which 
really is “their own” 

 

The above mentioned definition of the project within the framework of the magic triangle 
must also consider the question of an adequate level of research: “Is it research? Is it on an 
adequate level?” (Holzbaur 2007). If the benchmark is set too low, the result will not be 
sufficient for anybody. If the benchmark is set too high, the risk of failing increases. 
Figure 9 analyses this by displaying the two major factors:  
 Success:  

The probability of success is usually decreasing with the level of expectation since a 
lower level will be attained more easily. The dropping tail in the probability density for 
success for projects with a very low level of expectation was not proven empirically. It 
should reflect the fact that if the level is too low, the task will not be taken seriously 
which can in effect decrease the success rate (at least, the success rate does not increase if 
the level of expectation is lowered). The sharp decrease of success rate at the higher end 
is due to the fact that these projects are limited in time and resources (student-hours). 

 Benefit:  
The benefit from a project is manifold: the learning benefit for students, for local and 
scientific community, and the public perception will go hand in hand with an increasing 
level of project expectation. The research benefit for the university will only start at a 
certain level and be strongly tied to the challenge the projects provides (as well as its 
chance to fail). Nevertheless, most projects may be part of an empirical basis for some 
studies – as part or as object of the research. The benefit depends also on the utility 
function of the person in charge: The utility function for a senior researcher is quite 
different from that of a student or a partner in industry.  

Both ends of the scale of expectations bear major risks that should be avoided: 
 Push the envelope and risk failure due to a high level of expectation 
 Shoot at sitting ducks and waste resources 
The optimal expected benefit is then given by a trade-off between risk and reward 
considering the various stakeholders´ value systems as indicated in figure 9.  
 

 
Benefit 

from 
successful 

project 

Probability of 
success 

Expected value of outcome benefit 

Low level of expectation High level of expectation  
Fig. 9. Project and scientific result according to the level of the project aim 
 
The diagram applies  
 For any research project. It is the responsibility of the research leader or supervisor to 

ensure that the level of expectation matches the actual competence level of the team.  
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 For any project within the educational system. Not only in the education of researchers 
in a higher education institution but from kindergarten to professional training we face 
the challenge to find the right trade-off between challenge and viability. 

Any qualification framework (in education systems) or maturity model (in development 
organisations) gives a scale that can be used (in a conceptual way, not in a numerical way) 
to define the starting point and level of expectation of the project. 
 

challenge 

viability 

Educational 
level 

Maturity 
level  

 
Fig. 10. Setting up project targets to be viable and challenging 

 
5.3 Failure and statistics 
To fail in a project usually means that the aims of that project (e.g. a development task) 
could not be accomplished. In a project in applied research also the unwanted (or unex-
pected) result is a result and hence a project success. The falsification of a theory or model is 
as valuable as another supporting piece of evidence in favour of this theory. It is necessary 
to note that the failure of proving the research hypothesis is not a failure of the project. In 
this case, it is important to analyse the reasons and consequences of this “failure”.  
This can be best explained by a project based on hypothesis testing, for which we add some 
explanation to make things clear also for people without a statistical background:  
The basic question of the research is whether the research hypothesis H1 or the null-
hypothesis H0 holds. The desired result from the point of view of the research team, sponsor 
or partner may be either H0 or H1 (for the following, we assume, that two properties A and 
B can lead to two effects X and Y and we want to know, whether A influences the 
probability for X). A statistical test will now either  
1. Show that H0 can be rejected on the given level of significance (e.g. 5%) with means that 

with a probable error of 5% H1 must be accepted. 
2. Find that H0 can not be rejected. This does NOT mean that H0 is valid. It just means that 

we are unable to reject H0 with the test chosen and the data give. There are several 
possibilities: 

 Maybe there is some evidence that H1 is valid, but the test was not adequate (we should 
have tried a better test, e.g. sequential testing instead of comparing mean values) or we 
had too few data to make a decision, H1 may be valid but the amount of data was not 
sufficient (e.g. 6 out of 8 As had X compared to 2 out of 8 in the control group). If it could 
be anticipated that the amount of data would be too low, this is a failure of the project 
team. 

 Maybe, the statistical data are so that a decision is not possible. The effect which we 
want to observe may be too small. 

 

 Maybe, there is some evidence that H0 is valid, but our survey was not designed 
properly to prove that. (In the example above, imagine that 4 out of 8 A had X). Note 
that a statistical test can only falsify a hypothesis. Then, we are dealing with an error of 
type II (beta error). 

 
Expected result H0 H1 
H0 is rejected This is a new and unexpected 

finding.  
This is the desired result with a 
probable alpha error. 

The data are not sufficient 
to make any decision. 

The result cannot be used to argue in any direction.  

H0 can clearly not be 
rejected 

This is the desired result with a 
probable beta error. 

The result does not imply that H1 
is false. 

Table 6. Error of type alpha and beta in research projects  
 
A student that fails to discern between the different outcomes or to interpret the statistical 
outcome in a correct way will not be able to do research correctly. Hence, education for 
research must not only teach students the methods and formula of statistics but also give 
them the ability to draw the right conclusions – even if this means that a survey will end up 
with the result that no valid statement can be made. The ethical implications that arise from 
the misunderstanding or manipulation of statistical test must not be underestimated. It is 
present in research at all levels and also in the press at all levels.  
Student should be prepared to analyse what is means that a (clinical) study has shown that 
smoking does not cause cancer, a significant increase of UFOs is detected in several states, or 
cold fusion has succeeded in lab scale. 
In any case, the statistical analysis also shows that graphs – which students like to draw – 
are sometimes misleading. A bar- or pie-chart does only show the percentages. Hence a pie-
chart for the absolutely irrelevant result “2 out of 3” has the same display as the relevant 
result “24 out of 36”.  
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Fig. 11.  Several diagrams that can depict either “2 out of 3” or “24 out of 36”. 

 
5.4 Competence building 
Areas in which a competence is built up gradually from secondary school to first year 
students up to a professional level inside or outside the university comprise the following: 
 Insight into the reasons and criteria for scientific work.  
 Attitude towards systematic analysis and the creation of new reliable knowledge. 

Literature work and referencing, attitudes towards intellectual property.  
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 For any project within the educational system. Not only in the education of researchers 
in a higher education institution but from kindergarten to professional training we face 
the challenge to find the right trade-off between challenge and viability. 

Any qualification framework (in education systems) or maturity model (in development 
organisations) gives a scale that can be used (in a conceptual way, not in a numerical way) 
to define the starting point and level of expectation of the project. 
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Fig. 10. Setting up project targets to be viable and challenging 

 
5.3 Failure and statistics 
To fail in a project usually means that the aims of that project (e.g. a development task) 
could not be accomplished. In a project in applied research also the unwanted (or unex-
pected) result is a result and hence a project success. The falsification of a theory or model is 
as valuable as another supporting piece of evidence in favour of this theory. It is necessary 
to note that the failure of proving the research hypothesis is not a failure of the project. In 
this case, it is important to analyse the reasons and consequences of this “failure”.  
This can be best explained by a project based on hypothesis testing, for which we add some 
explanation to make things clear also for people without a statistical background:  
The basic question of the research is whether the research hypothesis H1 or the null-
hypothesis H0 holds. The desired result from the point of view of the research team, sponsor 
or partner may be either H0 or H1 (for the following, we assume, that two properties A and 
B can lead to two effects X and Y and we want to know, whether A influences the 
probability for X). A statistical test will now either  
1. Show that H0 can be rejected on the given level of significance (e.g. 5%) with means that 

with a probable error of 5% H1 must be accepted. 
2. Find that H0 can not be rejected. This does NOT mean that H0 is valid. It just means that 

we are unable to reject H0 with the test chosen and the data give. There are several 
possibilities: 

 Maybe there is some evidence that H1 is valid, but the test was not adequate (we should 
have tried a better test, e.g. sequential testing instead of comparing mean values) or we 
had too few data to make a decision, H1 may be valid but the amount of data was not 
sufficient (e.g. 6 out of 8 As had X compared to 2 out of 8 in the control group). If it could 
be anticipated that the amount of data would be too low, this is a failure of the project 
team. 

 Maybe, the statistical data are so that a decision is not possible. The effect which we 
want to observe may be too small. 

 

 Maybe, there is some evidence that H0 is valid, but our survey was not designed 
properly to prove that. (In the example above, imagine that 4 out of 8 A had X). Note 
that a statistical test can only falsify a hypothesis. Then, we are dealing with an error of 
type II (beta error). 

 
Expected result H0 H1 
H0 is rejected This is a new and unexpected 

finding.  
This is the desired result with a 
probable alpha error. 

The data are not sufficient 
to make any decision. 

The result cannot be used to argue in any direction.  

H0 can clearly not be 
rejected 

This is the desired result with a 
probable beta error. 

The result does not imply that H1 
is false. 

Table 6. Error of type alpha and beta in research projects  
 
A student that fails to discern between the different outcomes or to interpret the statistical 
outcome in a correct way will not be able to do research correctly. Hence, education for 
research must not only teach students the methods and formula of statistics but also give 
them the ability to draw the right conclusions – even if this means that a survey will end up 
with the result that no valid statement can be made. The ethical implications that arise from 
the misunderstanding or manipulation of statistical test must not be underestimated. It is 
present in research at all levels and also in the press at all levels.  
Student should be prepared to analyse what is means that a (clinical) study has shown that 
smoking does not cause cancer, a significant increase of UFOs is detected in several states, or 
cold fusion has succeeded in lab scale. 
In any case, the statistical analysis also shows that graphs – which students like to draw – 
are sometimes misleading. A bar- or pie-chart does only show the percentages. Hence a pie-
chart for the absolutely irrelevant result “2 out of 3” has the same display as the relevant 
result “24 out of 36”.  
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students up to a professional level inside or outside the university comprise the following: 
 Insight into the reasons and criteria for scientific work.  
 Attitude towards systematic analysis and the creation of new reliable knowledge. 

Literature work and referencing, attitudes towards intellectual property.  
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5.4 Competence building 
Areas in which a competence is built up gradually from secondary school to first year 
students up to a professional level inside or outside the university comprise the following: 
 Insight into the reasons and criteria for scientific work.  
 Attitude towards systematic analysis and the creation of new reliable knowledge. 

Literature work and referencing, attitudes towards intellectual property.  
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 Project management competence, methods, tools and attitudes in planning, 
administration and controlling. Leadership and team management.  

 Communication skills and systematic reporting. Teamwork and social competences such 
as reliability, accountability and trust. General professional competences such as 
managing, auditing, assessment, writing reports  

 Linguistic proficiency and foreign language proficiency in literature studies, written 
documentations and oral presentations. Sensitivity for definitions and the use of notions 
and notations in science. 

 Quality management competences. Insight into the importance of quality; and motiva-
tion and skills for the implementation of excellence in enterprises and projects.  

 Statistical methods for estimates in project management and science, e.g. qualitative and 
quantitative descriptive methods; statistical decision methods (hypotheses testing) and 
their limitations and risks. 

 Basic methods of research such as experiments, questionnaires, and model based 
working, understanding the problems of verification, validation and falsification. 

 Basic mathematical methods especially working with scales and dimensions, using 
formal logic, estimating and assessing orders of magnitude, using formulas correctly, 
analysing graphs. 

 Special subject oriented methods and knowledge. 

 
6. Publication as part of project work 
 

Publication and documentation are important parts of scientific work, and in most cases 
they also create the most important deliverable items from project work. 

 
6.1 Project documentation 
The project documentation is the result of the project. It is important for the project’s 
customers and sponsors. The documentation gives the following information: 
 project results, deliverables,   
 reflection on project aims and achievements,   
 documentation of the approaches and methods 
 basic data, results of experiments and surveys,   
 summary in a concise form and as elevator pitch (management summary). 
The project management documentation comprises all information and documentation that 
is necessary for project evaluation. It is important for the projects sponsors and for the 
organisation.  The project management documentation provides the following information: 
 Achievement of project aims. Final timelines and work structure. 
 Deviations from the project plan in terms of quality, resources and milestones. 
 Assignment of resource consumption (staff) and cost spending. 
 Correlation between research plan and experiments 
 Planning and performance of surveys 
 Assessment of tools and methods. 
 Evaluation of the contributions from teams, individuals and partners. 
The research documentation is an ongoing documentation in the form of a more or less 
formalised laboratory protocol. It documents the considerations, work, and findings. The 

 

research documentation via a lab protocol is also important to cope with issues of 
intellectual property (by documenting the sources of information and ideas) and research 
ethics (by documenting e.g. the reasons for starting experiments). 

 
6.2 Research publication 
Publication is the most important measure of bringing research results to the public. 
Although most students have learned to write an essay in school, there is a long way to 
write a research report for a dedicated target group. 
 Give a structure to the report  
 Use definitions, notions and notations properly. 
 Write an abstract and summary. 
Moreover, the publication of the research results must be adapted to the relevant target 
groups including: 
 Scientific journals addressing specialised scientists. 
 Contributions to books or conference proceedings. 
 Press releases and contributions to more general or even popular journals. 
 Internal memos and summaries on various levels. 

 
6.3 Presentations 
Any researcher needs to communicate his results. The most immediate and effective 
contribution to scientific community and the ultimate test for any result is the oral 
presentation of the results e.g. on a conference. Presentations are also given in the research 
team or for all groups (research seminar). They provide peer review and help to share ideas. 
Forwarding knowledge by means of presentations is one of the most important ways of 
knowledge management since is initiates a two-way communication with immediate feed-
back and the chance of a direct response to questions. 

 
6.4 Posters  
The challenge and limitation of presenting project results is never as present as with a 
poster. It is also a good means to present a huge amount of information about several 
research projects to the public. Posters are mainly used within conferences, exhibitions or 
days of open university; they can also be used as a permanent exhibition on the campus. 
By this means, information about project results is passed to forthcoming generations of 
students, allowing them to base their projects on the results achieved by former teams. 
Hence, posters are an efficient way of university knowledge management. 

 
7. Integrating PPM into the curriculum 
 

7.1 Programmes and lectures 
Projects link the individual student’s career to the research programme of the research 
group. This integration was described in (Holzbaur/Lategan 2009). 
Considering research education it is important to note that students from all level can be 
integrated in projects and programmes. 
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Fig. 12. Fitting general research plan and individual projects 
 
The knowledge transfer goes via internal communication within a project team and within 
the research group, and via project presentations and research seminars held for all research 
groups. 
For the integration of students within the projects there are several possibilities: 
 First year students can concentrate on project management and can do field studies and 

questionnaires. 
 Undergraduate and postgraduate students can be involved within lectures and course-

related projects to plan, conduct and evaluate research. 
 Final project theses and research projects involving postgraduate and research students 

and staff will form the highest level. 

 
7.2 Integration of different grades 
In the examples considered within this paper action oriented learning takes place within 
several lecturing units. One effect of training project management is the integration of teams 
with different background.  Some aspects of intercultural training can also be achieved by 
integrating students from engineering and economics into one team.  
For the integration of different grades we have several possibilities including: 
 undergraduate and postgraduate students in lectures and projects 
 final project thesis work. 

 

Examples for joint projects Under-
graduate 
lower grades 

Under-
graduate 
higher 
grades 

Under-
graduate 
final thesis 

Postgraduate 
studies 

Postgraduate  
Thesis 

Joint thesis project       
Joint thesis project with 
students support 

     
     

Postgraduate Projects      
Postgraduate research 
with students support 

     
     

Joint under-/postgraduate 
projects 

     
     

Undergraduate Thesis 
with students support 

     
     

Undergraduate project      
Table 7. Examples for project structures integrating several grades 

 
7.3 Examples 
Several examples for projects have been given in (Holzbaur 2008). The following 
MindMap© gives the categories of projects conducted within the last years within the 
modules project management and quality and sustainability.  For any category, five to 
twenty projects have been conducted by students´ teams. 
 

 
Fig. 13. Mind Map of project categories 
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Some examples for cooperation (same time, different students), evolution (same students, 
different time) or sequence (different time, different students, same subject) of research from 
first year students to final project theses is given below: 
 Integrated management system for optical production: A student did her practical term, 

a joint project with some co-students of grade 7, and her final thesis on the conceptuali-
sation, implementation and evaluation of an integrated management system for environ-
ment, quality, health and safety for a plant producing top quality aspheric lenses. 

 Quality management and process optimisation for the university. Several students´ 
projects involving undergraduate students (project management, quality management 
and computer science projects) and final project theses analysed and optimised 
processes of the university, and implemented improved processes. Undergraduate teams 
used dedicated methods of quality management such as workshops, evaluation and 
development of questionnaires to analyse and improve the quality of the university. 
Concepts for marketing, communication and event management were developed for the 
university. Workshops on quality used various methods such as future workshop or 
open space and considered various subjects such as quality factors, resources, and 
motivation. Project comprise: analysis and optimisation of processes in selected parts or 
aspects of the university, analysis of the quality of university, faculty or departments 
using the EFQM model, definition of questionnaires for assessing the quality of the 
university (not only for teaching), event planning for open day and alumni events at the 
university, analysis and development of planning games. Projects for university quality 
may also be combined with or lead to computer science projects that implement 
processes or databases.  

 Concept development and implementation of the environmental management system 
“Green Eel” by several students´ teams. School learners form an important target group 
for education for sustainable development. This environmental management system is 
adapted to education and equally concentrates on technical and pedagogical aspects. An 
environmental statement has to be prepared by the school. It should contain all relevant 
information about ecological impacts and education for sustainable development. The 
audit is performed by peers from three independent organisations (staff from city 
government, experienced teachers from other schools, staff and students from the 
university, members of environmental organisations). Learners support the participating 
schools in the implementation of the environmental management system and the 
preparation of the environmental statement. The project was awarded by UNESCO as a 
project of the UN decade for education for sustainable development. Evaluation of the 
system and the learning outcome was made in several final projects. 

 The series of events in Aalen themed “Aalen nachhaltig-er-leben” – the words can mean 
“live more sustainable”, “experience sustainable events” or “experience sustainability” – 
was developed within student’s projects. Individual events were connected by a joint 
motto and special series of events were organises during weekends. Each quarter, a 
dedicated programme was issued. The project was awarded by UNESCO as a project of 
the UN decade for education for sustainable development. Teams of students also 
evaluated the events.  

 Regional marketing and regional markets were analysed with respect to their impact on 
the local economy and with respect to customers´ satisfaction. A regional event for 
marketing regional and green products and services was developed, implemented and 

 

evaluated. In these subjects, several students´ team and final thesis projects were 
integrated. Ongoing projects analyse the catchment areas of special events and develop 
an interactive website for marketing regional products.   

 City Event Management: An analysis of the events within the medieval core of the city of 
Aalen (markets, concerts, sports events) was conducted; a guide for planning and 
organizing events on public places within a city was compiled. City marketing and 
development comprises: studies for city management, status and image analysis and 
concepts for several cities and suburbs, analysis of several aspects of sustainability for 
the city centre, concepts for making a city more attractive to students. A complete 
analysis has been made for small historic town with 4000 inhabitants.  

 Special focus was laid on experiential concepts to foster regional tourism and on the 
impact of barrier free tourism. These projects link regional marketing with sustainable 
development and city management.  

 Research on the security feeling and the causes of fear (population survey and expert 
interviews) was conducted in cooperation with the police department and city 
department of law and order. Population survey (15000 questionnaires, 4500 responses), 
expert interviews, cooperation with police city administration, polls to test the validity 
and acceptance of the main survey. Special research was devoted to the intercultural 
aspects of security feeling and to selected suburbs. Surveys were conducted on the 
protection of juveniles from alcohol abuse with respect to the law for the protection of 
the youth. Management and sales persons have been interrogated about the instruction 
of sales personnel according to the duties of due diligence and quality management.  

 Planning games for education in subjects like project management and economics have 
been adapted to various target groups, and deployed at several occasions by various 
students’ projects. The planning games “LegoTower”, “Economics for dummies” and 
“Leonardo Bridge” have been developed, adapted and tested by teams of undergraduate 
students and final projects. 

 
8. Conclusion 
We have seen that projects can be a powerful method for teaching, training and research 
education. But there is also a lot of effort and academic and pedagogical challenge, which 
calls for a systematic approach to the planning and conducting of projects.  
All in all, the success factors of prepared projects are: 
 Long term Stakeholder management  
 Professionalism in defining, planning and conducting projects 
 Careful preparation - which means a lot of work 
 Mutual trust among stakeholders, university, students and professors.  
The experiences with several courses of studies show, that a careful preparation of the 
projects following an approach similar to planning games gives a high probability of success 
and a rewarding outcome for university, staff, students, customers and stakeholders. 
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1. Introduction 
 

The economy and market globalization have forced all kind of enterprises (large, small and 
medium enterprises, SME) to compete against their counterparts from other countries, 
reaching high competence levels. This fact exposes a clear and essential need to be 
continuously improving  business processes for reaching high levels of competitiveness. 
Regarding information management, Information Systems (IS) have responded to the 
increasing necessity of organizations to improve their capabilities to process and manage 
data. This need arises because the capability of providing the right information at the right 
time brings tremendous rewards to those organizations (Hossain et al., 2002). In that kind of 
competitive market, both big and SMEs need information systems for tackling the direct 
rival pressing, keeping their position in the market (Valor et al., 2007) while improving 
competitiveness by cost reduction and better logistics. 
Due to this situation, a SME from la Comunidad Valenciana (Spain) called Chair’s 
Collection S.L. (CC), contacted our university, Universidad CEU-Cardenal Herrera, in order 
to establish a collaboration deal consisting in the creation of an Enterprise Resource 
Planning (ERP). Being a great opportunity, the University suggested the Company that it 
should consider the ERP as a final degree project for a last academic year student, which 
was accepted.  
Assuming the way the collaboration deal was going to be carried, it was necessary to plan 
how to face the project. It was clear that a traditional software development approach 
wouldn’t imply the programming features and flexibility needed. Considering the project as 
a final degree project, there was a variable amount of time available for developing the 
project (between 10 and 12 months at least), so a methodology which allowed to change 
requirements and software features without a high effort and time cost was needed. Agile 
methodologies were quickly taken into account. 
These kinds of methodologies are people-centred (allowing the student guide and support 
and the customer attention and care). They give more importance to software over 
documentation (allowing us to develop a real project to be used after the final degree project 
handing in) and respond to change over following a plan (which met one of our first needs: 
the change acceptance) (Beck et al., 2001). Among all the existing agile methodologies, the 
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eXtreme Programming (XP) was the chosen one. This choice was taken because XP is made 
up of easy practices that any student can understand and because it can be easily modelled.  
It was also clear that the strict execution of the practices and principles of the XP 
methodology wouldn’t be enough: although that kind of methodology was needed, the real 
situation was special and couldn’t meet all the XP requirements. So it was decided to tailor 
that XP methodology to the specific situation: roles were distributed, practices and processes 
modified and an adapted agile methodology, which finally met the minimum situation 
requirements, was designed. 
The result of following the tailored XP methodology was a high modular ERP 
comprehending all the enterprise areas. However and in spite of being a functional ERP 
with a perfect task execution, the company didn’t use all of its potential, leaving some 
modules unused, or used them with some constraints. In this chapter we will try to explain 
the reasons why this happened. 
The present chapter begins with a theoretic presentation about Information systems and 
SME and about Information Systems and Agile Methodologies (Section 2 and 3 
respectively). After this, in section 4, the project and the tailored methodology will be 
explained in detail. In section 5, the results of the project will be shown. Finally, a conclusion 
section will bring up the mistakes in the student attitude as well as in the methodology 
exposition, and the lessons learned. 

 
2. Information Systems and SME 
 

2.1 Information Systems and ERP 
The Information Systems (IS), as a discipline, is a pluralistic field founded on borrowed 
knowledge from other, more established, source discipline. These disciplines consist of 
Psychology (e.g. for the assessment of the impact on individual users) to Economics (e.g.  to 
cost-justify an IS to the organization’s management), passing through Mathematics, 
Linguistics, Semiotics, Ethics, Political Science, Sociology and Statistics and Computer 
Science. Counting with the influence of so many different disciplines, it seems logical that 
the areas affected by the IS discipline and the products derived from it are many, obviously 
business but others like health and government (King, 2006).  
Nowadays almost all IS are supported by computer technology (although they existed 
before it), that is the reason why the IS discipline is closely related to Information 
Technology (IT). In fact, businesses around the world spend over 2$ trillion a year on IT 
(Carr, 2003). 
Regarding business, IS has responded to the increasing necessity of organizations to 
improve their capabilities to process and to manage data. From the point of view of the IS, it 
has been seen as an application of computers to help organizations process their data so that 
they could improve their management of information (King, 2006). In this respect, Andreu, 
Ricart & Valor [1996] define IS: 
 
 “IS is an integrated set of formal processes, developed in a user-computer environment, that 
working with a set of structured data from an organization, summarize, process and distribute 
selectively the necessary information for allowing the organization normal operations and the 
management activities” (Andreu et al., 1996) 
 

Assuming this definition and the support IS can provide to an organization, they can be 
distinguished in the following types: 

1. Transaction Processing Systems (TPS) 
2. Management Information Systems (MIS) 
3. Decision Support System (DSS) 
4. Group Decision Support System (GDSS) 
5. Executive Information Systems (EIS) 
6. Expert Systems (EESS) 

As TPS tool, highlights the Enterprise Resource Planning (ERP), term coined by Stanford 
Gartner Group’s Computer-Integrated Manufacturing Service at the beginning of the 90s 
although it existed long before that. The origin of actual ERPs appeared in the 60s and was 
called Inventory Control Packages (ICP). This software developed through the years: in the 
70s it was called Material Requirements Planning (MRP), in the 80s Manufacturing 
Resources Planning (MRP II), in the 90s appeared the term ERP, and nowadays the ERP has 
evolved to the ERP II or extended ERP (Hossain et al., 2002).  
An ERP has been defined by many authors from different points of view. The American 
Production and Inventory Control Society defines it as a “method for the effective planning 
and control of all the necessary resources for producing, sending and accounting the orders 
made by the customers in a manufacture, distribution or service company” (Ramirez, 2004). 
Rather than listing and detailing all the ERP definitions found (Kumar & Van Hillsgersberg, 
Markus et al., Shanks and Seddon, O’Leary, Nah et al between others) (Ramirez, 2004), a 
combined definition is provided: 
  
“An ERP is an extensive commercial packed software solution composed by some configurable 
modules that firmly integrate, in an stand-alone system, the central business activities – finances, 
human resources, manufacture, supply chain, customers management – through the information 
streams automation and the use of a shared database. It also incorporates in this process the best 
integration practices for fast making decision, costs reduction and directive control, getting with all 
these the efficient and effective use of the business resources.” 
 
Regardless of the definition used, an ERP system is required to have the following 
characteristics: 

 Modular design compromising many distinct business modules such as financial, 
manufacturing, accounting or distribution. 

 Use centralized common database management system (DBMS). 
 The modules must be integrated and provide seamless data flow among the 

modules, increasing operational transparency through standard interfaces. 
 They are generally complex systems involving high cost. 
 They are flexible and offer best business practices. 
 They require time-consuming tailoring and configuration setups for being 

integrated within the company’s business functions. 
 The modules work in real time with online and batch processing capabilities. 
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2.2 Small and medium enterprises scene 
It’s accepted that small and medium enterprises (SMEs) represent a vast portion of the firm 
tissue of almost every developed country irrespective the sizes adopted for considering a 
business as a SME. 
As showed in the 2008 report “The Small Business Economy. A Report to the President”, in the 
U.S.A. there were more than 20 million non-employees firms plus around 6 million more 
that employed less than 500 employees. This means that more than the 99% of all the 
enterprises in the U.S.A. were SMEs in 2008 (USA report, 2008).  
In the European Union there is a similar scene: micro and SMEs play a central role in the 
European economy. In the Eurostat report “European Business. Facts & Figures” is shown 
that in 2004 there where almost 19 million enterprises in the EU-27, of which 99.8% were 
SME. These SMEs, which number is increasingly growing, provide around 75 million jobs 
(EUROSTAT, 2007). Inside the EU the records for Spain are in line with the European ones: 
there were more than 3 million firms of which the 99.87% were SMEs. Of those SMEs, only 
the micro enterprises provided the 50.5% of the jobs of the country. As for the Comunidad 
Valenciana the numbers were similar to the Spanish and European ones: the 99.91% of the 
firms were SMEs (DGPYME, 2007). 
Due to the economy and market globalization all these SME are forced to compete against 
counterparts from other countries that often produce cheaper products (although of variable 
quality) and get into the markets in a strong position. In the Spanish case, and according to 
the “Furniture Sector Results Report 2006” by ANIEME (National Association of Furniture 
Industrials and Exporters in Spain), in the year 2006 there was a decrease of the 2.5% (€1,467 
million)in the number of exportations and an increase of the 3.8% in the importations 
(€2,328 million). These data reveal that the Spanish furniture market is being supplied by 
high-medium quality furniture from the EU (38.1% of the importations) and economical but 
worst quality from China (31% of the importations) (ANIEME, 2006). This global market 
and the competence that it implies, exposes a clear and essential need of being continuously 
improving the business processes for reaching high competitiveness levels. 

 
2.3 Small and medium enterprises & information systems 
As it was said before, IS has responded to the increasing necessity of organizations to 
improve their capabilities to process and manage data. This need arises because the 
capability of providing the right information at the right time brings tremendous rewards to 
organizations in a global competitive world of complex business practices, which is 
recognized by big and SME companies (Hossain et al., 2002). In that kind of competitive 
market, both big and SMEs need information systems for tackling the direct rival pressing, 
keeping their position in the market (Valor et al., 2007) and improve competitiveness by cost 
reduction and better logistics. 
All these IS benefits have been well-taken by large organizations until recently. IS, ERP in 
particular, have been always used only by large organizations which were able to pay the 
great amount of money that this kind of systems costs. Nowadays the commercial ERP 
vendors have taken into account the SME and they are developing products according to 
their size: less modules, adapted to their needs and, obviously, less money costs and 
implantation time.  However, and in spite of the adapted ERP systems, actual literature 
shows that the organization size plays an important role in the main key dimensions of the 
ERP system implantation.  

Some studies agree that there are some differences between large and SME’s companies 
(Ramirez, 2004): 
 

 The ERP system introduced by small enterprises represents big resources 
compromise, whereas big enterprises can take advantages to the scale economies.  

 Big organizations implant ERP systems by modules but SME’s use to make a 
complete ERP implantation. 

 For SME’s the ERP system success is associated with the implantation 
accomplishing the time and budget forecast. 

 In SME’s the implantation time is shorter, which can indicate that it depends on the 
enterprise size and complexity. 

 
Before finishing this section, the origin of the strategic value of the IS has to be delimited 
and clarified. Because what makes a resource truly strategic is not ubiquity but scarcity, it’s 
not the IT that supports the IS (available and affordable to all) the most important feature. 
The same reason can be used for discarding the software generic applications as the key of 
the IS strategic value. Obviously, when companies buy a generic application, they buy 
generic processes as well, so these aren’t the key either (Carr, 2003). As for ERP IS, people 
who will use it play an important role, specially their attitude towards change (the adoption 
of ERP systems usually involves radical organizational change) and the perceived 
usefulness and perceived ease of use (Kee-Young, 2006), but even being an important factor, 
people aren’t the key either. As it can be inferred from above, the IS strategic value depends 
on many variables and it is only the combination of all of them together what makes the IS 
that valuable. 

 
3. Software development methodologies 
 

3.1 Agile methodologies as good solution for ERP projects 
In the late 60s many and different software development methodologies got into the 
software scene placed by the software engineering community. Each of these methodologies 
attempted to solve different programming issues and many of them reached a mature and 
stable level. Among all these traditional methodologies, the waterfall model is the oldest one 
(Huo et al., 2004).  
This model was introduced by Dr. Winston W. Royce in 1970. Thanks to his experience 
about managing large software developments, he could propose a complete computer 
program model development, which starts from the two basic steps required for a simple 
program (analysis and coding) evolving to a more complex set of linear steps (including 
requirements, design and testing) finishing in an pseudo-iterative model that implies nearly 
the return to the origin if an error occurs (Royce, 1970).  
Its principles are rooted in the Tayloristic paradigm which promotes a strong conformance 
to a plan through upfront requirements gathering an upfront systems design and 
encourages strict division of labor and the use of role-based teams (Mauer et al., 2007). 
Generally understood as a strict linear stepped model with backward step possibility, where 
the output of one step is the input of the next one, and any stage can’t start until the 
previous step has finished and its results have been approved, this model has been widely 
used (Huo et al., 2004) and it’s still used nowadays in enterprises of many kinds: defense, 
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2.2 Small and medium enterprises scene 
It’s accepted that small and medium enterprises (SMEs) represent a vast portion of the firm 
tissue of almost every developed country irrespective the sizes adopted for considering a 
business as a SME. 
As showed in the 2008 report “The Small Business Economy. A Report to the President”, in the 
U.S.A. there were more than 20 million non-employees firms plus around 6 million more 
that employed less than 500 employees. This means that more than the 99% of all the 
enterprises in the U.S.A. were SMEs in 2008 (USA report, 2008).  
In the European Union there is a similar scene: micro and SMEs play a central role in the 
European economy. In the Eurostat report “European Business. Facts & Figures” is shown 
that in 2004 there where almost 19 million enterprises in the EU-27, of which 99.8% were 
SME. These SMEs, which number is increasingly growing, provide around 75 million jobs 
(EUROSTAT, 2007). Inside the EU the records for Spain are in line with the European ones: 
there were more than 3 million firms of which the 99.87% were SMEs. Of those SMEs, only 
the micro enterprises provided the 50.5% of the jobs of the country. As for the Comunidad 
Valenciana the numbers were similar to the Spanish and European ones: the 99.91% of the 
firms were SMEs (DGPYME, 2007). 
Due to the economy and market globalization all these SME are forced to compete against 
counterparts from other countries that often produce cheaper products (although of variable 
quality) and get into the markets in a strong position. In the Spanish case, and according to 
the “Furniture Sector Results Report 2006” by ANIEME (National Association of Furniture 
Industrials and Exporters in Spain), in the year 2006 there was a decrease of the 2.5% (€1,467 
million)in the number of exportations and an increase of the 3.8% in the importations 
(€2,328 million). These data reveal that the Spanish furniture market is being supplied by 
high-medium quality furniture from the EU (38.1% of the importations) and economical but 
worst quality from China (31% of the importations) (ANIEME, 2006). This global market 
and the competence that it implies, exposes a clear and essential need of being continuously 
improving the business processes for reaching high competitiveness levels. 

 
2.3 Small and medium enterprises & information systems 
As it was said before, IS has responded to the increasing necessity of organizations to 
improve their capabilities to process and manage data. This need arises because the 
capability of providing the right information at the right time brings tremendous rewards to 
organizations in a global competitive world of complex business practices, which is 
recognized by big and SME companies (Hossain et al., 2002). In that kind of competitive 
market, both big and SMEs need information systems for tackling the direct rival pressing, 
keeping their position in the market (Valor et al., 2007) and improve competitiveness by cost 
reduction and better logistics. 
All these IS benefits have been well-taken by large organizations until recently. IS, ERP in 
particular, have been always used only by large organizations which were able to pay the 
great amount of money that this kind of systems costs. Nowadays the commercial ERP 
vendors have taken into account the SME and they are developing products according to 
their size: less modules, adapted to their needs and, obviously, less money costs and 
implantation time.  However, and in spite of the adapted ERP systems, actual literature 
shows that the organization size plays an important role in the main key dimensions of the 
ERP system implantation.  

Some studies agree that there are some differences between large and SME’s companies 
(Ramirez, 2004): 
 

 The ERP system introduced by small enterprises represents big resources 
compromise, whereas big enterprises can take advantages to the scale economies.  

 Big organizations implant ERP systems by modules but SME’s use to make a 
complete ERP implantation. 

 For SME’s the ERP system success is associated with the implantation 
accomplishing the time and budget forecast. 

 In SME’s the implantation time is shorter, which can indicate that it depends on the 
enterprise size and complexity. 

 
Before finishing this section, the origin of the strategic value of the IS has to be delimited 
and clarified. Because what makes a resource truly strategic is not ubiquity but scarcity, it’s 
not the IT that supports the IS (available and affordable to all) the most important feature. 
The same reason can be used for discarding the software generic applications as the key of 
the IS strategic value. Obviously, when companies buy a generic application, they buy 
generic processes as well, so these aren’t the key either (Carr, 2003). As for ERP IS, people 
who will use it play an important role, specially their attitude towards change (the adoption 
of ERP systems usually involves radical organizational change) and the perceived 
usefulness and perceived ease of use (Kee-Young, 2006), but even being an important factor, 
people aren’t the key either. As it can be inferred from above, the IS strategic value depends 
on many variables and it is only the combination of all of them together what makes the IS 
that valuable. 

 
3. Software development methodologies 
 

3.1 Agile methodologies as good solution for ERP projects 
In the late 60s many and different software development methodologies got into the 
software scene placed by the software engineering community. Each of these methodologies 
attempted to solve different programming issues and many of them reached a mature and 
stable level. Among all these traditional methodologies, the waterfall model is the oldest one 
(Huo et al., 2004).  
This model was introduced by Dr. Winston W. Royce in 1970. Thanks to his experience 
about managing large software developments, he could propose a complete computer 
program model development, which starts from the two basic steps required for a simple 
program (analysis and coding) evolving to a more complex set of linear steps (including 
requirements, design and testing) finishing in an pseudo-iterative model that implies nearly 
the return to the origin if an error occurs (Royce, 1970).  
Its principles are rooted in the Tayloristic paradigm which promotes a strong conformance 
to a plan through upfront requirements gathering an upfront systems design and 
encourages strict division of labor and the use of role-based teams (Mauer et al., 2007). 
Generally understood as a strict linear stepped model with backward step possibility, where 
the output of one step is the input of the next one, and any stage can’t start until the 
previous step has finished and its results have been approved, this model has been widely 
used (Huo et al., 2004) and it’s still used nowadays in enterprises of many kinds: defense, 
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2.2 Small and medium enterprises scene 
It’s accepted that small and medium enterprises (SMEs) represent a vast portion of the firm 
tissue of almost every developed country irrespective the sizes adopted for considering a 
business as a SME. 
As showed in the 2008 report “The Small Business Economy. A Report to the President”, in the 
U.S.A. there were more than 20 million non-employees firms plus around 6 million more 
that employed less than 500 employees. This means that more than the 99% of all the 
enterprises in the U.S.A. were SMEs in 2008 (USA report, 2008).  
In the European Union there is a similar scene: micro and SMEs play a central role in the 
European economy. In the Eurostat report “European Business. Facts & Figures” is shown 
that in 2004 there where almost 19 million enterprises in the EU-27, of which 99.8% were 
SME. These SMEs, which number is increasingly growing, provide around 75 million jobs 
(EUROSTAT, 2007). Inside the EU the records for Spain are in line with the European ones: 
there were more than 3 million firms of which the 99.87% were SMEs. Of those SMEs, only 
the micro enterprises provided the 50.5% of the jobs of the country. As for the Comunidad 
Valenciana the numbers were similar to the Spanish and European ones: the 99.91% of the 
firms were SMEs (DGPYME, 2007). 
Due to the economy and market globalization all these SME are forced to compete against 
counterparts from other countries that often produce cheaper products (although of variable 
quality) and get into the markets in a strong position. In the Spanish case, and according to 
the “Furniture Sector Results Report 2006” by ANIEME (National Association of Furniture 
Industrials and Exporters in Spain), in the year 2006 there was a decrease of the 2.5% (€1,467 
million)in the number of exportations and an increase of the 3.8% in the importations 
(€2,328 million). These data reveal that the Spanish furniture market is being supplied by 
high-medium quality furniture from the EU (38.1% of the importations) and economical but 
worst quality from China (31% of the importations) (ANIEME, 2006). This global market 
and the competence that it implies, exposes a clear and essential need of being continuously 
improving the business processes for reaching high competitiveness levels. 

 
2.3 Small and medium enterprises & information systems 
As it was said before, IS has responded to the increasing necessity of organizations to 
improve their capabilities to process and manage data. This need arises because the 
capability of providing the right information at the right time brings tremendous rewards to 
organizations in a global competitive world of complex business practices, which is 
recognized by big and SME companies (Hossain et al., 2002). In that kind of competitive 
market, both big and SMEs need information systems for tackling the direct rival pressing, 
keeping their position in the market (Valor et al., 2007) and improve competitiveness by cost 
reduction and better logistics. 
All these IS benefits have been well-taken by large organizations until recently. IS, ERP in 
particular, have been always used only by large organizations which were able to pay the 
great amount of money that this kind of systems costs. Nowadays the commercial ERP 
vendors have taken into account the SME and they are developing products according to 
their size: less modules, adapted to their needs and, obviously, less money costs and 
implantation time.  However, and in spite of the adapted ERP systems, actual literature 
shows that the organization size plays an important role in the main key dimensions of the 
ERP system implantation.  

Some studies agree that there are some differences between large and SME’s companies 
(Ramirez, 2004): 
 

 The ERP system introduced by small enterprises represents big resources 
compromise, whereas big enterprises can take advantages to the scale economies.  

 Big organizations implant ERP systems by modules but SME’s use to make a 
complete ERP implantation. 

 For SME’s the ERP system success is associated with the implantation 
accomplishing the time and budget forecast. 

 In SME’s the implantation time is shorter, which can indicate that it depends on the 
enterprise size and complexity. 

 
Before finishing this section, the origin of the strategic value of the IS has to be delimited 
and clarified. Because what makes a resource truly strategic is not ubiquity but scarcity, it’s 
not the IT that supports the IS (available and affordable to all) the most important feature. 
The same reason can be used for discarding the software generic applications as the key of 
the IS strategic value. Obviously, when companies buy a generic application, they buy 
generic processes as well, so these aren’t the key either (Carr, 2003). As for ERP IS, people 
who will use it play an important role, specially their attitude towards change (the adoption 
of ERP systems usually involves radical organizational change) and the perceived 
usefulness and perceived ease of use (Kee-Young, 2006), but even being an important factor, 
people aren’t the key either. As it can be inferred from above, the IS strategic value depends 
on many variables and it is only the combination of all of them together what makes the IS 
that valuable. 

 
3. Software development methodologies 
 

3.1 Agile methodologies as good solution for ERP projects 
In the late 60s many and different software development methodologies got into the 
software scene placed by the software engineering community. Each of these methodologies 
attempted to solve different programming issues and many of them reached a mature and 
stable level. Among all these traditional methodologies, the waterfall model is the oldest one 
(Huo et al., 2004).  
This model was introduced by Dr. Winston W. Royce in 1970. Thanks to his experience 
about managing large software developments, he could propose a complete computer 
program model development, which starts from the two basic steps required for a simple 
program (analysis and coding) evolving to a more complex set of linear steps (including 
requirements, design and testing) finishing in an pseudo-iterative model that implies nearly 
the return to the origin if an error occurs (Royce, 1970).  
Its principles are rooted in the Tayloristic paradigm which promotes a strong conformance 
to a plan through upfront requirements gathering an upfront systems design and 
encourages strict division of labor and the use of role-based teams (Mauer et al., 2007). 
Generally understood as a strict linear stepped model with backward step possibility, where 
the output of one step is the input of the next one, and any stage can’t start until the 
previous step has finished and its results have been approved, this model has been widely 
used (Huo et al., 2004) and it’s still used nowadays in enterprises of many kinds: defense, 
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2.2 Small and medium enterprises scene 
It’s accepted that small and medium enterprises (SMEs) represent a vast portion of the firm 
tissue of almost every developed country irrespective the sizes adopted for considering a 
business as a SME. 
As showed in the 2008 report “The Small Business Economy. A Report to the President”, in the 
U.S.A. there were more than 20 million non-employees firms plus around 6 million more 
that employed less than 500 employees. This means that more than the 99% of all the 
enterprises in the U.S.A. were SMEs in 2008 (USA report, 2008).  
In the European Union there is a similar scene: micro and SMEs play a central role in the 
European economy. In the Eurostat report “European Business. Facts & Figures” is shown 
that in 2004 there where almost 19 million enterprises in the EU-27, of which 99.8% were 
SME. These SMEs, which number is increasingly growing, provide around 75 million jobs 
(EUROSTAT, 2007). Inside the EU the records for Spain are in line with the European ones: 
there were more than 3 million firms of which the 99.87% were SMEs. Of those SMEs, only 
the micro enterprises provided the 50.5% of the jobs of the country. As for the Comunidad 
Valenciana the numbers were similar to the Spanish and European ones: the 99.91% of the 
firms were SMEs (DGPYME, 2007). 
Due to the economy and market globalization all these SME are forced to compete against 
counterparts from other countries that often produce cheaper products (although of variable 
quality) and get into the markets in a strong position. In the Spanish case, and according to 
the “Furniture Sector Results Report 2006” by ANIEME (National Association of Furniture 
Industrials and Exporters in Spain), in the year 2006 there was a decrease of the 2.5% (€1,467 
million)in the number of exportations and an increase of the 3.8% in the importations 
(€2,328 million). These data reveal that the Spanish furniture market is being supplied by 
high-medium quality furniture from the EU (38.1% of the importations) and economical but 
worst quality from China (31% of the importations) (ANIEME, 2006). This global market 
and the competence that it implies, exposes a clear and essential need of being continuously 
improving the business processes for reaching high competitiveness levels. 

 
2.3 Small and medium enterprises & information systems 
As it was said before, IS has responded to the increasing necessity of organizations to 
improve their capabilities to process and manage data. This need arises because the 
capability of providing the right information at the right time brings tremendous rewards to 
organizations in a global competitive world of complex business practices, which is 
recognized by big and SME companies (Hossain et al., 2002). In that kind of competitive 
market, both big and SMEs need information systems for tackling the direct rival pressing, 
keeping their position in the market (Valor et al., 2007) and improve competitiveness by cost 
reduction and better logistics. 
All these IS benefits have been well-taken by large organizations until recently. IS, ERP in 
particular, have been always used only by large organizations which were able to pay the 
great amount of money that this kind of systems costs. Nowadays the commercial ERP 
vendors have taken into account the SME and they are developing products according to 
their size: less modules, adapted to their needs and, obviously, less money costs and 
implantation time.  However, and in spite of the adapted ERP systems, actual literature 
shows that the organization size plays an important role in the main key dimensions of the 
ERP system implantation.  

Some studies agree that there are some differences between large and SME’s companies 
(Ramirez, 2004): 
 

 The ERP system introduced by small enterprises represents big resources 
compromise, whereas big enterprises can take advantages to the scale economies.  

 Big organizations implant ERP systems by modules but SME’s use to make a 
complete ERP implantation. 

 For SME’s the ERP system success is associated with the implantation 
accomplishing the time and budget forecast. 

 In SME’s the implantation time is shorter, which can indicate that it depends on the 
enterprise size and complexity. 

 
Before finishing this section, the origin of the strategic value of the IS has to be delimited 
and clarified. Because what makes a resource truly strategic is not ubiquity but scarcity, it’s 
not the IT that supports the IS (available and affordable to all) the most important feature. 
The same reason can be used for discarding the software generic applications as the key of 
the IS strategic value. Obviously, when companies buy a generic application, they buy 
generic processes as well, so these aren’t the key either (Carr, 2003). As for ERP IS, people 
who will use it play an important role, specially their attitude towards change (the adoption 
of ERP systems usually involves radical organizational change) and the perceived 
usefulness and perceived ease of use (Kee-Young, 2006), but even being an important factor, 
people aren’t the key either. As it can be inferred from above, the IS strategic value depends 
on many variables and it is only the combination of all of them together what makes the IS 
that valuable. 

 
3. Software development methodologies 
 

3.1 Agile methodologies as good solution for ERP projects 
In the late 60s many and different software development methodologies got into the 
software scene placed by the software engineering community. Each of these methodologies 
attempted to solve different programming issues and many of them reached a mature and 
stable level. Among all these traditional methodologies, the waterfall model is the oldest one 
(Huo et al., 2004).  
This model was introduced by Dr. Winston W. Royce in 1970. Thanks to his experience 
about managing large software developments, he could propose a complete computer 
program model development, which starts from the two basic steps required for a simple 
program (analysis and coding) evolving to a more complex set of linear steps (including 
requirements, design and testing) finishing in an pseudo-iterative model that implies nearly 
the return to the origin if an error occurs (Royce, 1970).  
Its principles are rooted in the Tayloristic paradigm which promotes a strong conformance 
to a plan through upfront requirements gathering an upfront systems design and 
encourages strict division of labor and the use of role-based teams (Mauer et al., 2007). 
Generally understood as a strict linear stepped model with backward step possibility, where 
the output of one step is the input of the next one, and any stage can’t start until the 
previous step has finished and its results have been approved, this model has been widely 
used (Huo et al., 2004) and it’s still used nowadays in enterprises of many kinds: defense, 
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pharmaceutical, chemical, telecommunications, banking and government industries 
(including several Fortune 500 companies list) (Neill et al., 2003). 
Despite this data and the fact that it has reported success with large and complex systems, it 
has a well known and literature exposed number of drawbacks due to the Tayloristic 
paradigm principles (Mauer et al., 2007) (Sommerville, 2006). These drawbacks appeared 
clearly when in the 90s the programmers tried to apply this heavyweight, plan-based 
development approach to small and medium-sized business systems (Sommerville, 2006).  
They are mainly two: the highly ceremonious processes and mainly the inflexibility in the 
face of changing requirements.  
The waterfall model assumes that all the requirements can be accurately gathered at the 
beginning of the project, assumption that in medium or large projects is impossible to take 
because of the stakeholder users. They cannot tell developers everything about the system at 
the beginning of the project, most of the times they don’t say once and for all exactly what 
they want or need, they contradict themselves or they change their minds (Beck, 1999)(Woi, 
2006). This requirement drawback resulted in high costs of change in terms of time and 
money as can be shown in the Barry Boehm cost of change curve (Ambler & Scott, 2004).  
Due to the problems of applying the waterfall model to small and medium-sized business 
systems and taking the high cost of changing software as a challenge, the academic software 
engineering community started to use different and new practices in combination with older 
ones and to create technologies like relational databases, modular programming, and 
information hiding (Beck, 1999) (Sommerville, 2006). 
The result of these efforts was a more humanistic and collaborative approach to software 
development known as “agilism” (Mauer et al., 2007) that led to methodologies as that of 
Scrum (1986), Dynamic Systems Development Method (1995) or Extreme Programming 
(1996) among others. The “agilism” is a lightweight process that employs short iterative 
cycles, actively involve users to establish, prioritize, and verify requirements, and rely on 
team’s tacit knowledge as opposed to documentation (Woi, 2006). It’s important to remark 
that many of the practices involved in these methodologies are not new; for example 
software inspections were introduced in 1970s and rapid prototyping in 1980s (Beck, 
1999)(Mauer et al., 2007). 
The different methodologies based on “agilism” received the name of Agile Methodologies 
in February of 2001, after a meeting in Utah-EEUU, where a group of 17 prominent figures 
in the field of agile development (including the designers of Scrum, DSDM and Extreme 
Programming) came together to discuss the keys and values that the development teams 
should follow for a lighter, faster and better way of developing software. The result of this 
meeting was the Agile Manifesto, which enumerates 12 keys for getting this achievement 
(Letelier et al., 2004). These 12 keys can be summarized in 4 main values: 
 

1. Individuals and interactions over processes and tools 
2. Working software over comprehensive documentation 
3. Customer collaboration over contract negotiation 
4. Responding to change over following a plan. 

 
Agile methodologies are composed by a great number of software development techniques 
that follow the agile manifesto in different ways but that have always the same philosophy 
and have at least six common features: 1) collaboration, 2) code reviews, 3) small teams, 4) 

short release schedules, 5) time-boxing and 6) constant testing (Coram & Bohner, 2005). 
Agile methodologies are growing in use and popularity, and nowadays companies are 
reporting success in meeting rapidly changing customer needs through their use. Motorola 
Wireless Systems Group, for example, has begun to gradually adopt Agile methodologies 
and several of its projects have shown extremely positive results as improved quality, 
improved cycle time or reduced risk among others. (Woi, 2006) 
Regarding the cost of change, Kent Beck (designer of the Extreme Programming 
methodology) has reported that the use of his Agile Methodology (XP) implies that the cost 
of change can be inexpensive even late in the project lifecycle while maintaining system 
quality. The reason is because in XP techniques which reduce the feedback cycle are 
followed. Agile techniques have short feedback cycles while traditional ones have longer 
feedback cycles (Ambler & Scott, 2004). 
However all the issues exposed, agile methods are not a silver bullet and agile practices only 
work in context. Agile methods help to succeed in unpredictable environments (Mauer et 
al., 2007) while waterfall model is a good choice in large and complex software projects that 
require systematic discipline with the requisite process overhead to ensure success (Coram 
& Bohner, 2005), the requirements are well understood and unlikely to change radically 
during system development (Sommerville, 2006). Also many companies have found that 
Agile methodologies work better in small projects while traditional methodologies usually 
work better in large ones (Woi, 2006), although K. Beck reports that XP has been applied in a 
wide range of projects succeeding in small and big projects (what he also indicates is that 
the practices must be augmented and altered when the team is composed by many people) 
(Beck, 2005). 

 
3.2 Why are agile methodologies a good solutions for ERP problems 
It’s known, and literature shows, that the use of high-ceremony, science-based, project 
management methods have given rise to failure in ERP projects (Alleman, 2002). Experience 
has shown to some development teams that traditional development methods are not 
always adequate nowadays: they need to refine their development process for getting new 
features to market quicker, to get customer feedback earlier in the process, to test early in 
the developing process to avoid large re-work efforts before deployment, etc. (Sumrell, 
2007) These old methods, particularly the waterfall one, contain several erroneous 
assumptions that impact negatively in software projects, especially the ERP projects: 
 

 They understand the project planning as a set of successive steps that have to be 
executed without a backward step. 

 Changes are not welcomed. They can be made, but with a cost that grows when the 
project is advanced. 

 They want a stable plan to which they can commit. 
 
In real life it’s not possible to produce such a perfect plan: there always appear 
unanticipated problems and, in certain situations, deferring decisions for taking advantage 
of new information or new opportunities that imply the change of the plan are necessary. 
About the change, many times it isn’t a problem but a competitive chance that has to be 
faced for getting advantage (Alleman, 2002). All these problems get worse in ERP projects: 
these are people-centred projects which rely heavily on change management for success 
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pharmaceutical, chemical, telecommunications, banking and government industries 
(including several Fortune 500 companies list) (Neill et al., 2003). 
Despite this data and the fact that it has reported success with large and complex systems, it 
has a well known and literature exposed number of drawbacks due to the Tayloristic 
paradigm principles (Mauer et al., 2007) (Sommerville, 2006). These drawbacks appeared 
clearly when in the 90s the programmers tried to apply this heavyweight, plan-based 
development approach to small and medium-sized business systems (Sommerville, 2006).  
They are mainly two: the highly ceremonious processes and mainly the inflexibility in the 
face of changing requirements.  
The waterfall model assumes that all the requirements can be accurately gathered at the 
beginning of the project, assumption that in medium or large projects is impossible to take 
because of the stakeholder users. They cannot tell developers everything about the system at 
the beginning of the project, most of the times they don’t say once and for all exactly what 
they want or need, they contradict themselves or they change their minds (Beck, 1999)(Woi, 
2006). This requirement drawback resulted in high costs of change in terms of time and 
money as can be shown in the Barry Boehm cost of change curve (Ambler & Scott, 2004).  
Due to the problems of applying the waterfall model to small and medium-sized business 
systems and taking the high cost of changing software as a challenge, the academic software 
engineering community started to use different and new practices in combination with older 
ones and to create technologies like relational databases, modular programming, and 
information hiding (Beck, 1999) (Sommerville, 2006). 
The result of these efforts was a more humanistic and collaborative approach to software 
development known as “agilism” (Mauer et al., 2007) that led to methodologies as that of 
Scrum (1986), Dynamic Systems Development Method (1995) or Extreme Programming 
(1996) among others. The “agilism” is a lightweight process that employs short iterative 
cycles, actively involve users to establish, prioritize, and verify requirements, and rely on 
team’s tacit knowledge as opposed to documentation (Woi, 2006). It’s important to remark 
that many of the practices involved in these methodologies are not new; for example 
software inspections were introduced in 1970s and rapid prototyping in 1980s (Beck, 
1999)(Mauer et al., 2007). 
The different methodologies based on “agilism” received the name of Agile Methodologies 
in February of 2001, after a meeting in Utah-EEUU, where a group of 17 prominent figures 
in the field of agile development (including the designers of Scrum, DSDM and Extreme 
Programming) came together to discuss the keys and values that the development teams 
should follow for a lighter, faster and better way of developing software. The result of this 
meeting was the Agile Manifesto, which enumerates 12 keys for getting this achievement 
(Letelier et al., 2004). These 12 keys can be summarized in 4 main values: 
 

1. Individuals and interactions over processes and tools 
2. Working software over comprehensive documentation 
3. Customer collaboration over contract negotiation 
4. Responding to change over following a plan. 

 
Agile methodologies are composed by a great number of software development techniques 
that follow the agile manifesto in different ways but that have always the same philosophy 
and have at least six common features: 1) collaboration, 2) code reviews, 3) small teams, 4) 

short release schedules, 5) time-boxing and 6) constant testing (Coram & Bohner, 2005). 
Agile methodologies are growing in use and popularity, and nowadays companies are 
reporting success in meeting rapidly changing customer needs through their use. Motorola 
Wireless Systems Group, for example, has begun to gradually adopt Agile methodologies 
and several of its projects have shown extremely positive results as improved quality, 
improved cycle time or reduced risk among others. (Woi, 2006) 
Regarding the cost of change, Kent Beck (designer of the Extreme Programming 
methodology) has reported that the use of his Agile Methodology (XP) implies that the cost 
of change can be inexpensive even late in the project lifecycle while maintaining system 
quality. The reason is because in XP techniques which reduce the feedback cycle are 
followed. Agile techniques have short feedback cycles while traditional ones have longer 
feedback cycles (Ambler & Scott, 2004). 
However all the issues exposed, agile methods are not a silver bullet and agile practices only 
work in context. Agile methods help to succeed in unpredictable environments (Mauer et 
al., 2007) while waterfall model is a good choice in large and complex software projects that 
require systematic discipline with the requisite process overhead to ensure success (Coram 
& Bohner, 2005), the requirements are well understood and unlikely to change radically 
during system development (Sommerville, 2006). Also many companies have found that 
Agile methodologies work better in small projects while traditional methodologies usually 
work better in large ones (Woi, 2006), although K. Beck reports that XP has been applied in a 
wide range of projects succeeding in small and big projects (what he also indicates is that 
the practices must be augmented and altered when the team is composed by many people) 
(Beck, 2005). 

 
3.2 Why are agile methodologies a good solutions for ERP problems 
It’s known, and literature shows, that the use of high-ceremony, science-based, project 
management methods have given rise to failure in ERP projects (Alleman, 2002). Experience 
has shown to some development teams that traditional development methods are not 
always adequate nowadays: they need to refine their development process for getting new 
features to market quicker, to get customer feedback earlier in the process, to test early in 
the developing process to avoid large re-work efforts before deployment, etc. (Sumrell, 
2007) These old methods, particularly the waterfall one, contain several erroneous 
assumptions that impact negatively in software projects, especially the ERP projects: 
 

 They understand the project planning as a set of successive steps that have to be 
executed without a backward step. 

 Changes are not welcomed. They can be made, but with a cost that grows when the 
project is advanced. 

 They want a stable plan to which they can commit. 
 
In real life it’s not possible to produce such a perfect plan: there always appear 
unanticipated problems and, in certain situations, deferring decisions for taking advantage 
of new information or new opportunities that imply the change of the plan are necessary. 
About the change, many times it isn’t a problem but a competitive chance that has to be 
faced for getting advantage (Alleman, 2002). All these problems get worse in ERP projects: 
these are people-centred projects which rely heavily on change management for success 
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pharmaceutical, chemical, telecommunications, banking and government industries 
(including several Fortune 500 companies list) (Neill et al., 2003). 
Despite this data and the fact that it has reported success with large and complex systems, it 
has a well known and literature exposed number of drawbacks due to the Tayloristic 
paradigm principles (Mauer et al., 2007) (Sommerville, 2006). These drawbacks appeared 
clearly when in the 90s the programmers tried to apply this heavyweight, plan-based 
development approach to small and medium-sized business systems (Sommerville, 2006).  
They are mainly two: the highly ceremonious processes and mainly the inflexibility in the 
face of changing requirements.  
The waterfall model assumes that all the requirements can be accurately gathered at the 
beginning of the project, assumption that in medium or large projects is impossible to take 
because of the stakeholder users. They cannot tell developers everything about the system at 
the beginning of the project, most of the times they don’t say once and for all exactly what 
they want or need, they contradict themselves or they change their minds (Beck, 1999)(Woi, 
2006). This requirement drawback resulted in high costs of change in terms of time and 
money as can be shown in the Barry Boehm cost of change curve (Ambler & Scott, 2004).  
Due to the problems of applying the waterfall model to small and medium-sized business 
systems and taking the high cost of changing software as a challenge, the academic software 
engineering community started to use different and new practices in combination with older 
ones and to create technologies like relational databases, modular programming, and 
information hiding (Beck, 1999) (Sommerville, 2006). 
The result of these efforts was a more humanistic and collaborative approach to software 
development known as “agilism” (Mauer et al., 2007) that led to methodologies as that of 
Scrum (1986), Dynamic Systems Development Method (1995) or Extreme Programming 
(1996) among others. The “agilism” is a lightweight process that employs short iterative 
cycles, actively involve users to establish, prioritize, and verify requirements, and rely on 
team’s tacit knowledge as opposed to documentation (Woi, 2006). It’s important to remark 
that many of the practices involved in these methodologies are not new; for example 
software inspections were introduced in 1970s and rapid prototyping in 1980s (Beck, 
1999)(Mauer et al., 2007). 
The different methodologies based on “agilism” received the name of Agile Methodologies 
in February of 2001, after a meeting in Utah-EEUU, where a group of 17 prominent figures 
in the field of agile development (including the designers of Scrum, DSDM and Extreme 
Programming) came together to discuss the keys and values that the development teams 
should follow for a lighter, faster and better way of developing software. The result of this 
meeting was the Agile Manifesto, which enumerates 12 keys for getting this achievement 
(Letelier et al., 2004). These 12 keys can be summarized in 4 main values: 
 

1. Individuals and interactions over processes and tools 
2. Working software over comprehensive documentation 
3. Customer collaboration over contract negotiation 
4. Responding to change over following a plan. 

 
Agile methodologies are composed by a great number of software development techniques 
that follow the agile manifesto in different ways but that have always the same philosophy 
and have at least six common features: 1) collaboration, 2) code reviews, 3) small teams, 4) 

short release schedules, 5) time-boxing and 6) constant testing (Coram & Bohner, 2005). 
Agile methodologies are growing in use and popularity, and nowadays companies are 
reporting success in meeting rapidly changing customer needs through their use. Motorola 
Wireless Systems Group, for example, has begun to gradually adopt Agile methodologies 
and several of its projects have shown extremely positive results as improved quality, 
improved cycle time or reduced risk among others. (Woi, 2006) 
Regarding the cost of change, Kent Beck (designer of the Extreme Programming 
methodology) has reported that the use of his Agile Methodology (XP) implies that the cost 
of change can be inexpensive even late in the project lifecycle while maintaining system 
quality. The reason is because in XP techniques which reduce the feedback cycle are 
followed. Agile techniques have short feedback cycles while traditional ones have longer 
feedback cycles (Ambler & Scott, 2004). 
However all the issues exposed, agile methods are not a silver bullet and agile practices only 
work in context. Agile methods help to succeed in unpredictable environments (Mauer et 
al., 2007) while waterfall model is a good choice in large and complex software projects that 
require systematic discipline with the requisite process overhead to ensure success (Coram 
& Bohner, 2005), the requirements are well understood and unlikely to change radically 
during system development (Sommerville, 2006). Also many companies have found that 
Agile methodologies work better in small projects while traditional methodologies usually 
work better in large ones (Woi, 2006), although K. Beck reports that XP has been applied in a 
wide range of projects succeeding in small and big projects (what he also indicates is that 
the practices must be augmented and altered when the team is composed by many people) 
(Beck, 2005). 

 
3.2 Why are agile methodologies a good solutions for ERP problems 
It’s known, and literature shows, that the use of high-ceremony, science-based, project 
management methods have given rise to failure in ERP projects (Alleman, 2002). Experience 
has shown to some development teams that traditional development methods are not 
always adequate nowadays: they need to refine their development process for getting new 
features to market quicker, to get customer feedback earlier in the process, to test early in 
the developing process to avoid large re-work efforts before deployment, etc. (Sumrell, 
2007) These old methods, particularly the waterfall one, contain several erroneous 
assumptions that impact negatively in software projects, especially the ERP projects: 
 

 They understand the project planning as a set of successive steps that have to be 
executed without a backward step. 

 Changes are not welcomed. They can be made, but with a cost that grows when the 
project is advanced. 

 They want a stable plan to which they can commit. 
 
In real life it’s not possible to produce such a perfect plan: there always appear 
unanticipated problems and, in certain situations, deferring decisions for taking advantage 
of new information or new opportunities that imply the change of the plan are necessary. 
About the change, many times it isn’t a problem but a competitive chance that has to be 
faced for getting advantage (Alleman, 2002). All these problems get worse in ERP projects: 
these are people-centred projects which rely heavily on change management for success 
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paradigm principles (Mauer et al., 2007) (Sommerville, 2006). These drawbacks appeared 
clearly when in the 90s the programmers tried to apply this heavyweight, plan-based 
development approach to small and medium-sized business systems (Sommerville, 2006).  
They are mainly two: the highly ceremonious processes and mainly the inflexibility in the 
face of changing requirements.  
The waterfall model assumes that all the requirements can be accurately gathered at the 
beginning of the project, assumption that in medium or large projects is impossible to take 
because of the stakeholder users. They cannot tell developers everything about the system at 
the beginning of the project, most of the times they don’t say once and for all exactly what 
they want or need, they contradict themselves or they change their minds (Beck, 1999)(Woi, 
2006). This requirement drawback resulted in high costs of change in terms of time and 
money as can be shown in the Barry Boehm cost of change curve (Ambler & Scott, 2004).  
Due to the problems of applying the waterfall model to small and medium-sized business 
systems and taking the high cost of changing software as a challenge, the academic software 
engineering community started to use different and new practices in combination with older 
ones and to create technologies like relational databases, modular programming, and 
information hiding (Beck, 1999) (Sommerville, 2006). 
The result of these efforts was a more humanistic and collaborative approach to software 
development known as “agilism” (Mauer et al., 2007) that led to methodologies as that of 
Scrum (1986), Dynamic Systems Development Method (1995) or Extreme Programming 
(1996) among others. The “agilism” is a lightweight process that employs short iterative 
cycles, actively involve users to establish, prioritize, and verify requirements, and rely on 
team’s tacit knowledge as opposed to documentation (Woi, 2006). It’s important to remark 
that many of the practices involved in these methodologies are not new; for example 
software inspections were introduced in 1970s and rapid prototyping in 1980s (Beck, 
1999)(Mauer et al., 2007). 
The different methodologies based on “agilism” received the name of Agile Methodologies 
in February of 2001, after a meeting in Utah-EEUU, where a group of 17 prominent figures 
in the field of agile development (including the designers of Scrum, DSDM and Extreme 
Programming) came together to discuss the keys and values that the development teams 
should follow for a lighter, faster and better way of developing software. The result of this 
meeting was the Agile Manifesto, which enumerates 12 keys for getting this achievement 
(Letelier et al., 2004). These 12 keys can be summarized in 4 main values: 
 

1. Individuals and interactions over processes and tools 
2. Working software over comprehensive documentation 
3. Customer collaboration over contract negotiation 
4. Responding to change over following a plan. 

 
Agile methodologies are composed by a great number of software development techniques 
that follow the agile manifesto in different ways but that have always the same philosophy 
and have at least six common features: 1) collaboration, 2) code reviews, 3) small teams, 4) 

short release schedules, 5) time-boxing and 6) constant testing (Coram & Bohner, 2005). 
Agile methodologies are growing in use and popularity, and nowadays companies are 
reporting success in meeting rapidly changing customer needs through their use. Motorola 
Wireless Systems Group, for example, has begun to gradually adopt Agile methodologies 
and several of its projects have shown extremely positive results as improved quality, 
improved cycle time or reduced risk among others. (Woi, 2006) 
Regarding the cost of change, Kent Beck (designer of the Extreme Programming 
methodology) has reported that the use of his Agile Methodology (XP) implies that the cost 
of change can be inexpensive even late in the project lifecycle while maintaining system 
quality. The reason is because in XP techniques which reduce the feedback cycle are 
followed. Agile techniques have short feedback cycles while traditional ones have longer 
feedback cycles (Ambler & Scott, 2004). 
However all the issues exposed, agile methods are not a silver bullet and agile practices only 
work in context. Agile methods help to succeed in unpredictable environments (Mauer et 
al., 2007) while waterfall model is a good choice in large and complex software projects that 
require systematic discipline with the requisite process overhead to ensure success (Coram 
& Bohner, 2005), the requirements are well understood and unlikely to change radically 
during system development (Sommerville, 2006). Also many companies have found that 
Agile methodologies work better in small projects while traditional methodologies usually 
work better in large ones (Woi, 2006), although K. Beck reports that XP has been applied in a 
wide range of projects succeeding in small and big projects (what he also indicates is that 
the practices must be augmented and altered when the team is composed by many people) 
(Beck, 2005). 

 
3.2 Why are agile methodologies a good solutions for ERP problems 
It’s known, and literature shows, that the use of high-ceremony, science-based, project 
management methods have given rise to failure in ERP projects (Alleman, 2002). Experience 
has shown to some development teams that traditional development methods are not 
always adequate nowadays: they need to refine their development process for getting new 
features to market quicker, to get customer feedback earlier in the process, to test early in 
the developing process to avoid large re-work efforts before deployment, etc. (Sumrell, 
2007) These old methods, particularly the waterfall one, contain several erroneous 
assumptions that impact negatively in software projects, especially the ERP projects: 
 

 They understand the project planning as a set of successive steps that have to be 
executed without a backward step. 

 Changes are not welcomed. They can be made, but with a cost that grows when the 
project is advanced. 

 They want a stable plan to which they can commit. 
 
In real life it’s not possible to produce such a perfect plan: there always appear 
unanticipated problems and, in certain situations, deferring decisions for taking advantage 
of new information or new opportunities that imply the change of the plan are necessary. 
About the change, many times it isn’t a problem but a competitive chance that has to be 
faced for getting advantage (Alleman, 2002). All these problems get worse in ERP projects: 
these are people-centred projects which rely heavily on change management for success 
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facing constant change and reassessment of organizational processes and technology 
(Alleman, 2002)(Kee-Young, 2006). 
Attending to the ERP projects characteristics (Alleman, 2002), Agile Methodologies fit better 
in their needs for many reasons, principally because they emphasize rapid and flexible 
adaptation to changes in the process, product and business, and deployment environment. 
Recent studies show that IS utilization behavior is significantly affected by beliefs about the 
system’s usefulness and ease of use (Kee-Young, 2006). These two characteristics can be 
powered by the customer or user involvement in the project. In waterfall and other 
traditional models, customers are involved at the inception and the end of the project. On 
the contrary agile methods involve customer or user much more frequently and with more 
influence. In fact, customers in agile methodologies (AM) should be committed, 
knowledgeable, collaborative, representative, and empowered (Coram & Bohner, 2005). 
Because requirements of ERP project evolve over time, the stakeholders understanding of 
them evolve as well, changing their point of view and consequently changing the goals and 
success criteria of the project (Alleman, 2002). Agile Methodologies embrace this change, 
turning it into competitive advantage. 
Finally, without quality software all the agile methods and practices are useless. In this 
sense, agile methods include many practices that have quality assurance (QA) potential. 
Some of them are inside the development phase and some others can be separated out as 
supporting practices, but all of them have a higher frequency that in waterfall model. Other 
advantage about QA is that its practices are available in very early process stages. These 
practices are among others: system metaphor, on-site customer, pair programming, 
refactoring, continuous integration, acceptance testing or early customer feedback (Huo et 
al., 2004). 

 
4. Final degree project description 
 

4.1 Project overview 
The project, on which this case study is based, consists in the design, implementation and 
implantation of a tailored ERP for a SME in the Comunidad Valenciana, Spain. It comprises 
the final degree project (FDP) of a student from the CEU-Cardenal Herrera University that is 
nowadays in an evolution phase. The SME for which the project is, Chair’s Collection (CC), 
is one of the hundreds of SME of the Comunidad Valenciana dedicated to the furniture 
sector. CC was founded in 1984, focusing its sales on big installations like hotels in the UE 
and other countries, specially the USA. 
After 25 years of existence without an Informatic Department or other department with 
similar functions, the result, about data, are three different applications. These applications 
were built by different suppliers and now each one works with duplicated and 
unsynchronized data that makes difficult the normal company operations. Besides the data 
problem, all processes are paper and oral messages managed with the risks that that implies.  
When facing the purchase of a commercial ERP, CC had two main problems that limited 
highly their decision: 
 

 As literature shows, SMEs have in many cases company-specific needs for the ERP 
software, but they usually have to adapt to the processes and information 

structures the ERP systems offers. This was a situation which CC wanted to avoid: 
they liked the way they worked and didn’t want to change it. 

 As other SME, and especially in the difficult market situation, they didn’t have 
resources for creating a tailor-made ERP software to cover all their requirements to 
a professional software company. 

 
Because of this situation, CC, contacted with the CEU-Cardenal Herrera University in order 
to suggest a collaboration deal. This collaboration resulted in a project focused on the 
design, implementation and implantation of a tailor-made ERP, covering their most crucial 
areas. The ERP proposed was a high-modular ERP focused on order processing, inventory 
management and invoice generation. The other possible modules were discarded for 
specific reasons: previous correct functional software (accounting) or no interest (Custom 
Relationship Management or CRM). 
Summarizing, the final objectives of the project were: 
 

 The process automation, avoiding papers and extra verbal communications. This 
automation didn’t imply the process change. 

 The data integrity in one common data base.  
 A set of interrelated web applications for the automation of the process. 
 A hardware infrastructure to support the ERP system. 

 
4.2 Project planning 
When planning the project development it was considered a series of issues of different 
kinds: a possible global schedule based on the time we had, the program language to use, 
etc. but we realized that almost all of them were subject to just one: the programming 
model. We had two options: 
 

 A traditional model, like waterfall, characterized for being a strict steadily 
downwards of the 5 phases named before (2.1 Waterfall Vs Agile) without going 
back (Woi, 2006) or doing it but with a high time cost. 

 One of the Agile Methodologies (AM), characterized for being lightweight 
processes that employs short iterative cycles, actively involve users to determine 
the requisites and rely on a team’s knowledge as opposed to documentation (Woi, 
2006). 

 
We explained in 2.3 section why we think that AM are better for ERP projects in SMEs, 
anyway we are going to describe the two main reasons that impelled us to choose an AM. 
A tailor-made ERP supposes a project with high customer collaboration. The first 
implication of the customer is the requirements issue. He will have to indicate and give a 
precise description of all the needs and requirements he want the ERP to include. As logical 
and human, it is possible that as the project develops the customer changes his point of view 
about many issues or that he realizes that has forgotten some requirement information. 
Obviously, those changes will imply a requirement modification that will affect to ERP 
itself. In this way, the ERP development builds a feedback cycle with the customer. The 
problem appears when the changes have to be made. As it was said before, high-ceremony 
methods, like traditional ones, have given rise to failure in ERP projects (Alleman, 2002). 
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facing constant change and reassessment of organizational processes and technology 
(Alleman, 2002)(Kee-Young, 2006). 
Attending to the ERP projects characteristics (Alleman, 2002), Agile Methodologies fit better 
in their needs for many reasons, principally because they emphasize rapid and flexible 
adaptation to changes in the process, product and business, and deployment environment. 
Recent studies show that IS utilization behavior is significantly affected by beliefs about the 
system’s usefulness and ease of use (Kee-Young, 2006). These two characteristics can be 
powered by the customer or user involvement in the project. In waterfall and other 
traditional models, customers are involved at the inception and the end of the project. On 
the contrary agile methods involve customer or user much more frequently and with more 
influence. In fact, customers in agile methodologies (AM) should be committed, 
knowledgeable, collaborative, representative, and empowered (Coram & Bohner, 2005). 
Because requirements of ERP project evolve over time, the stakeholders understanding of 
them evolve as well, changing their point of view and consequently changing the goals and 
success criteria of the project (Alleman, 2002). Agile Methodologies embrace this change, 
turning it into competitive advantage. 
Finally, without quality software all the agile methods and practices are useless. In this 
sense, agile methods include many practices that have quality assurance (QA) potential. 
Some of them are inside the development phase and some others can be separated out as 
supporting practices, but all of them have a higher frequency that in waterfall model. Other 
advantage about QA is that its practices are available in very early process stages. These 
practices are among others: system metaphor, on-site customer, pair programming, 
refactoring, continuous integration, acceptance testing or early customer feedback (Huo et 
al., 2004). 

 
4. Final degree project description 
 

4.1 Project overview 
The project, on which this case study is based, consists in the design, implementation and 
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sector. CC was founded in 1984, focusing its sales on big installations like hotels in the UE 
and other countries, specially the USA. 
After 25 years of existence without an Informatic Department or other department with 
similar functions, the result, about data, are three different applications. These applications 
were built by different suppliers and now each one works with duplicated and 
unsynchronized data that makes difficult the normal company operations. Besides the data 
problem, all processes are paper and oral messages managed with the risks that that implies.  
When facing the purchase of a commercial ERP, CC had two main problems that limited 
highly their decision: 
 

 As literature shows, SMEs have in many cases company-specific needs for the ERP 
software, but they usually have to adapt to the processes and information 

structures the ERP systems offers. This was a situation which CC wanted to avoid: 
they liked the way they worked and didn’t want to change it. 

 As other SME, and especially in the difficult market situation, they didn’t have 
resources for creating a tailor-made ERP software to cover all their requirements to 
a professional software company. 

 
Because of this situation, CC, contacted with the CEU-Cardenal Herrera University in order 
to suggest a collaboration deal. This collaboration resulted in a project focused on the 
design, implementation and implantation of a tailor-made ERP, covering their most crucial 
areas. The ERP proposed was a high-modular ERP focused on order processing, inventory 
management and invoice generation. The other possible modules were discarded for 
specific reasons: previous correct functional software (accounting) or no interest (Custom 
Relationship Management or CRM). 
Summarizing, the final objectives of the project were: 
 

 The process automation, avoiding papers and extra verbal communications. This 
automation didn’t imply the process change. 

 The data integrity in one common data base.  
 A set of interrelated web applications for the automation of the process. 
 A hardware infrastructure to support the ERP system. 

 
4.2 Project planning 
When planning the project development it was considered a series of issues of different 
kinds: a possible global schedule based on the time we had, the program language to use, 
etc. but we realized that almost all of them were subject to just one: the programming 
model. We had two options: 
 

 A traditional model, like waterfall, characterized for being a strict steadily 
downwards of the 5 phases named before (2.1 Waterfall Vs Agile) without going 
back (Woi, 2006) or doing it but with a high time cost. 

 One of the Agile Methodologies (AM), characterized for being lightweight 
processes that employs short iterative cycles, actively involve users to determine 
the requisites and rely on a team’s knowledge as opposed to documentation (Woi, 
2006). 

 
We explained in 2.3 section why we think that AM are better for ERP projects in SMEs, 
anyway we are going to describe the two main reasons that impelled us to choose an AM. 
A tailor-made ERP supposes a project with high customer collaboration. The first 
implication of the customer is the requirements issue. He will have to indicate and give a 
precise description of all the needs and requirements he want the ERP to include. As logical 
and human, it is possible that as the project develops the customer changes his point of view 
about many issues or that he realizes that has forgotten some requirement information. 
Obviously, those changes will imply a requirement modification that will affect to ERP 
itself. In this way, the ERP development builds a feedback cycle with the customer. The 
problem appears when the changes have to be made. As it was said before, high-ceremony 
methods, like traditional ones, have given rise to failure in ERP projects (Alleman, 2002). 
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facing constant change and reassessment of organizational processes and technology 
(Alleman, 2002)(Kee-Young, 2006). 
Attending to the ERP projects characteristics (Alleman, 2002), Agile Methodologies fit better 
in their needs for many reasons, principally because they emphasize rapid and flexible 
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traditional models, customers are involved at the inception and the end of the project. On 
the contrary agile methods involve customer or user much more frequently and with more 
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knowledgeable, collaborative, representative, and empowered (Coram & Bohner, 2005). 
Because requirements of ERP project evolve over time, the stakeholders understanding of 
them evolve as well, changing their point of view and consequently changing the goals and 
success criteria of the project (Alleman, 2002). Agile Methodologies embrace this change, 
turning it into competitive advantage. 
Finally, without quality software all the agile methods and practices are useless. In this 
sense, agile methods include many practices that have quality assurance (QA) potential. 
Some of them are inside the development phase and some others can be separated out as 
supporting practices, but all of them have a higher frequency that in waterfall model. Other 
advantage about QA is that its practices are available in very early process stages. These 
practices are among others: system metaphor, on-site customer, pair programming, 
refactoring, continuous integration, acceptance testing or early customer feedback (Huo et 
al., 2004). 
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nowadays in an evolution phase. The SME for which the project is, Chair’s Collection (CC), 
is one of the hundreds of SME of the Comunidad Valenciana dedicated to the furniture 
sector. CC was founded in 1984, focusing its sales on big installations like hotels in the UE 
and other countries, specially the USA. 
After 25 years of existence without an Informatic Department or other department with 
similar functions, the result, about data, are three different applications. These applications 
were built by different suppliers and now each one works with duplicated and 
unsynchronized data that makes difficult the normal company operations. Besides the data 
problem, all processes are paper and oral messages managed with the risks that that implies.  
When facing the purchase of a commercial ERP, CC had two main problems that limited 
highly their decision: 
 

 As literature shows, SMEs have in many cases company-specific needs for the ERP 
software, but they usually have to adapt to the processes and information 

structures the ERP systems offers. This was a situation which CC wanted to avoid: 
they liked the way they worked and didn’t want to change it. 

 As other SME, and especially in the difficult market situation, they didn’t have 
resources for creating a tailor-made ERP software to cover all their requirements to 
a professional software company. 

 
Because of this situation, CC, contacted with the CEU-Cardenal Herrera University in order 
to suggest a collaboration deal. This collaboration resulted in a project focused on the 
design, implementation and implantation of a tailor-made ERP, covering their most crucial 
areas. The ERP proposed was a high-modular ERP focused on order processing, inventory 
management and invoice generation. The other possible modules were discarded for 
specific reasons: previous correct functional software (accounting) or no interest (Custom 
Relationship Management or CRM). 
Summarizing, the final objectives of the project were: 
 

 The process automation, avoiding papers and extra verbal communications. This 
automation didn’t imply the process change. 

 The data integrity in one common data base.  
 A set of interrelated web applications for the automation of the process. 
 A hardware infrastructure to support the ERP system. 

 
4.2 Project planning 
When planning the project development it was considered a series of issues of different 
kinds: a possible global schedule based on the time we had, the program language to use, 
etc. but we realized that almost all of them were subject to just one: the programming 
model. We had two options: 
 

 A traditional model, like waterfall, characterized for being a strict steadily 
downwards of the 5 phases named before (2.1 Waterfall Vs Agile) without going 
back (Woi, 2006) or doing it but with a high time cost. 

 One of the Agile Methodologies (AM), characterized for being lightweight 
processes that employs short iterative cycles, actively involve users to determine 
the requisites and rely on a team’s knowledge as opposed to documentation (Woi, 
2006). 

 
We explained in 2.3 section why we think that AM are better for ERP projects in SMEs, 
anyway we are going to describe the two main reasons that impelled us to choose an AM. 
A tailor-made ERP supposes a project with high customer collaboration. The first 
implication of the customer is the requirements issue. He will have to indicate and give a 
precise description of all the needs and requirements he want the ERP to include. As logical 
and human, it is possible that as the project develops the customer changes his point of view 
about many issues or that he realizes that has forgotten some requirement information. 
Obviously, those changes will imply a requirement modification that will affect to ERP 
itself. In this way, the ERP development builds a feedback cycle with the customer. The 
problem appears when the changes have to be made. As it was said before, high-ceremony 
methods, like traditional ones, have given rise to failure in ERP projects (Alleman, 2002). 
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This kind of projects need a methodology able to adapt to changes, and one of the main 
features of the AM is that they can handle unstable requirements throughout the 
development lifecycle (Huo et al., 2004). 
The other reason is of academic nature. One of the objectives that we established for the 
student training was the knowledge of how the customer relation in real world is. In this 
respect, AM offered us the opportunity of instructing the student in this field. AM are 
characterized for being people-centred, and as for customers, these are more involved and 
have more influence that in traditional methodologies. Also AM are characterized by their 
fast system releases (from 2 weeks to 4 months) (Coram & Bohner, 2005), each of one implies 
a customer contact for knowing how the release is working. In this way, the student would 
have much more contact with the customer. In fact, he started to work on the project in the 
CC headquarters with the objective of being near the customer and ask him anything he 
may need to know. 
As we decided to build a high-modular ERP, each module could be understood as a small 
Agile Project, preceded by a business process study. After deciding that the programming 
method that was going to be used was an AM, the next step before beginning the project 
development, was to choose an agile methodology and adapt it to our real situation. We 
counted only on three people: the student, the tutor and an external professional. Although 
all AM presuppose teams of at least 3 people, as our team, it is obvious that almost all of the 
tasks would rely on the student. In the next section we will explain the role adaptation. We 
analyzed some agile methodologies and we decided that the one that better fitted our needs 
was the Extreme Programming methodology.  
 
The two main reasons of using this AM are: 
 

 The set of roles that are clear and precisely identified (Letelier et al., 2004). These 
roles have allowed us to share them between our three components keeping the 
authority range between teacher and student. It also allowed the student to face 
different role tasks. 

 It doesn’t have an exact schedule to follow. Thanks to this feature, we could qualify 
the student according to a personal academic schedule, allowing the normal 
working of the project, and allowing the development to evolve beyond the 
academic subject. 
 

Therefore the different tasks and practices in this AM should be adapted. 

 
4.3 Tailor-made XP 
As it was said before, we counted only on three people: the student, the tutor and the 
external professional, so all the tasks inside the project had to be distributed between these 
three roles. The development process, life cycle and practices had to be also adapted to the 
real situation. 
 
The life cycle of XP consists of five phases (Coram & Bohner, 2005): 

1. Exploration. In this phase customers provide requirements for the first release while 
the team becomes familiar with the technology, tools, and practices that will be 
used.  

2. Planning. The project team and the customer will determine the capabilities needed 
for the first release.  

3. Iterations to release. This phase consists in some iterations, that take from one to four 
weeks, that will produce the first release. Last iteration will finish with the 
productionizing phase. 

4. Productionizing. The project team will test and check to ensure the releases meet the 
customer requirements. This is the time for new changes. 

5. Maintenance. In this phase all the changes exposed in the previous phase will be 
made. 

6. Death.  This phase is reached when the evolving of the system no longer exists. 
 
Because the project was brought up as a set of modular applications, we first needed to have 
a wide perspective of the project before beginning the applications development. In our 
case, we took a pre-exploration phase that consisted in four interviews between the student 
and the customer. Those interviews were recorded and any material used in it (drawings, 
diagrams, etc.) were stored for requirements identification and project understanding. After 
each meeting the student joined all the compiled material and created a written document 
describing the business processes explained and the requirements identified. Then, he 
presented us that document and we guided him about future interviews, advising him on 
which areas should focus the interview and how to treat the customer. The second objective 
of this pre-exploration phase was to create an application listing enumerating and describing 
with a few paragraphs the main application function and features. 
After this pre-exploration phase, we followed the original life cycle of XP. Other of the XP 
features to have into account is the development process. The original XP development process 
is as follows (Letelier et al., 2004): 
 

1. The customer defines the business value to implement. 
2. The programmer estimates the effort needed for its implementation. 
3. The customer selects what to build, according to his priorities and time restrictions. 
4. The programmer builds that business value 
5. Come back to step 1. 

 
Because the student had to develop many applications and their users would be an 
important component, we used a sub-iteration inside the main iteration favoring the final-
user participation. Our development process was: 

1. The student confirms to the customer the application that is going to be built. In 
this moment, customer and student review the applications list to reconfigure it if 
necessary. 

2. The student reviews all the information that has compiled about the business 
processes relative to that application with the customer, allowing him to correct the 
student if necessary. 

3. Here begins a second iteration where a new role starts to play: the user of the 
application 

a. The student builds/modifies a prototype refactoring if needed. 
b. The student shows the prototype with limited functionality to the end-

user of the actual application. At this moment the end-user can correct 
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1. Exploration. In this phase customers provide requirements for the first release while 
the team becomes familiar with the technology, tools, and practices that will be 
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2. Planning. The project team and the customer will determine the capabilities needed 
for the first release.  

3. Iterations to release. This phase consists in some iterations, that take from one to four 
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customer requirements. This is the time for new changes. 
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presented us that document and we guided him about future interviews, advising him on 
which areas should focus the interview and how to treat the customer. The second objective 
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4. The programmer builds that business value 
5. Come back to step 1. 

 
Because the student had to develop many applications and their users would be an 
important component, we used a sub-iteration inside the main iteration favoring the final-
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this moment, customer and student review the applications list to reconfigure it if 
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Because the student had to develop many applications and their users would be an 
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b. The student shows the prototype with limited functionality to the end-

user of the actual application. At this moment the end-user can correct 



New	Achievements	in	Technology,	Education	and	Development100

 

features of the application or give ideas to improve the user interface or 
functionality. Obviously, only logical and realistic corrections and ideas 
will be taken into account. 

c. The student reviews the application functionality (old and new added 
functionalities suggested by the end-user) with the customer. The 
objective of this checking is to avoid disagreement in the process; all the 
end-user ideas or suggestions that don’t fit the business processes must be 
commented to the customer. 

d. Returns to point ‘a’ until the prototype finishes converting itself into an 
application with full functionality. 

4. The application is used during one week, reporting bugs, corrections and all the 
modifications needed. During that week, all the documentation will be written if 
needed and the refactoring process will be finished. Obviously, any requirement 
change after that week will be taken into account and solved, but as a secondary 
task. This phase will finish with the final application integration into the system 
when all the requirements are accomplished. 

5. After that week, the process returns to point ‘1’. 
 
Kent Beck designed 13 main practices (Beck, 1999) that we are going to enumerate, 
summarize and explain, with regard to the needed tailoring: 

 
 Planning game. This “game” has the objective of allowing the customer to decide the 

scope and timing of releases based on estimates provided by programmers. Those 
will only implement the functionality demanded by the customer. We could 
accomplish this practice limiting the estimates. As a FDP (Final Degree Project), it 
has to be made in at least one year, so, as we will see later in other practices, the 
schedule available had to fit that time.  

 Small releases. It is important to have new releases often because although they 
don’t have full-functionality, they mean a business value and in our case, also 
educational value. Each release is supposed to be delivered not far than 3 months. 
Due to the number of applications and to the one year schedule, the time release 
varied from 3 weeks to 2 months, depending on the developing module size.  

 Metaphor. This metaphor, or set of metaphors, is a way of defining the shape of the 
system. It will describe how the system should work and it is a way of facilitating 
the understanding between the user and the customer. In our situation, we didn’t 
exactly use a metaphor. The first interviews between the student and the customer 
were used to lay down the terminology. 

 Simple design. Because the small amount of time we disposed of, this was a basic 
practice we had to follow: design the simplest functional solution and implement it 
in the right moment during the project. When talking about simplest, we talk about 
a design that communicates exactly what programmers want, without duplicating 
code and with the fewest possible classes and methods. 

 Tests. There are a set of tests, decided by the customer, that are used for testing 
code functionality, especially after any modification. The only different thing we 
had to do in this practice was to insert other tests designed by our team, as well as 
the customer ones. 

 Pair programming. This was one of the most problematic practices. It is known that 
pair programming usually implies an important quality improvement (Richard, 
2007) and a significant decrease in the effort to be taken (Woi, 2006). With just one 
student in the team, he was the only responsible about all the code programming. 
It is obvious that it was impossible to avoid the effort to be made, that was going to 
rely on the student, but we realize that we could get the quality improvement in 
other ways. We decided to set a twice-a-week-code reviews, documenting in-depth 
all the code, and to support this practice with the next two: refactoring and the 
collective ownership. 

 Refactoring. This practice was used in its original formula to fulfill the incapacity of 
use the pair programming practice. Through the refactoring, the student reorganized 
the code with the objective of removing duplicated code, make it simpler and 
flexible for facilitating later changes (Letelier et al., 2004). This practice had to be 
used very often to assure the software quality. 

 Collective ownership. This practice supposes that any programmer of the team can 
improve any code. Being the project a FDP, only the student could modify the 
code. What we did, in order to reinforce the pair programming practice, was adapt 
this practice making the code accessible for the tutor but only in read-only mode. 
We gave the tutor permanent access to the code so he could revise it at least after 
each student code review, looking for features to improve. After each tutor review, 
if he had found code to improve, he planned a meeting with the student to discuss 
how to do it. The objective was to establish a conversation with the student so he 
realized the possible improvement. 

 Continuous integration. This practice increases quality as side-effects of a change are 
quickly uncovered, what reduces the effort needed for fixing them (Coram & 
Bohner, 2005). It consists in integrating the new code in the system after no more 
than a few hours. In this case, we didn’t need to make any tailoring. 

 On-site customer. Because the FDP is inside the academic course, coinciding with 
some last course subjects, the student couldn’t work full-time in the project. 
Because of this situation, we chose some days of the week (2-3) in which the 
student went to the companies’ offices to work there and have the customer beside. 
Therefore, we adapted this practice getting a temporary on-site programmer one. 

 40-hour weeks. As it was said before, the FDP wasn’t the only task of the student so 
the 40-hour weeks were impossible. The student had an average of 20-hour weeks 
although there were more intensive ones. 

 Open workspace. Because of the project situation, the workplace was dispersed in 3 
different locations: the work-place in the companies’ offices, the student home 
where he could work at weekends if needed and the tutor office at the Physics, 
Mathematics and Computation Sciences department where we had the meetings. 
In this case, we neither accomplished this practice. 

 Just rules. Due to the XP tailoring we were trying to carry out, we quickly realized 
that this was going to be one of the most important principles: all adapted practices 
had to be tested, used and resulted useful. 

 
The last main feature of the XP methodology is the roles distribution. According to original 
Beck proposal, there are 7 different roles: programmer, customer, tester, tracker, coach, 

A	Modified	Agile	Methodology	for	an	ERP	Academic	Project	Development 101

 

features of the application or give ideas to improve the user interface or 
functionality. Obviously, only logical and realistic corrections and ideas 
will be taken into account. 

c. The student reviews the application functionality (old and new added 
functionalities suggested by the end-user) with the customer. The 
objective of this checking is to avoid disagreement in the process; all the 
end-user ideas or suggestions that don’t fit the business processes must be 
commented to the customer. 

d. Returns to point ‘a’ until the prototype finishes converting itself into an 
application with full functionality. 

4. The application is used during one week, reporting bugs, corrections and all the 
modifications needed. During that week, all the documentation will be written if 
needed and the refactoring process will be finished. Obviously, any requirement 
change after that week will be taken into account and solved, but as a secondary 
task. This phase will finish with the final application integration into the system 
when all the requirements are accomplished. 

5. After that week, the process returns to point ‘1’. 
 
Kent Beck designed 13 main practices (Beck, 1999) that we are going to enumerate, 
summarize and explain, with regard to the needed tailoring: 

 
 Planning game. This “game” has the objective of allowing the customer to decide the 

scope and timing of releases based on estimates provided by programmers. Those 
will only implement the functionality demanded by the customer. We could 
accomplish this practice limiting the estimates. As a FDP (Final Degree Project), it 
has to be made in at least one year, so, as we will see later in other practices, the 
schedule available had to fit that time.  

 Small releases. It is important to have new releases often because although they 
don’t have full-functionality, they mean a business value and in our case, also 
educational value. Each release is supposed to be delivered not far than 3 months. 
Due to the number of applications and to the one year schedule, the time release 
varied from 3 weeks to 2 months, depending on the developing module size.  

 Metaphor. This metaphor, or set of metaphors, is a way of defining the shape of the 
system. It will describe how the system should work and it is a way of facilitating 
the understanding between the user and the customer. In our situation, we didn’t 
exactly use a metaphor. The first interviews between the student and the customer 
were used to lay down the terminology. 

 Simple design. Because the small amount of time we disposed of, this was a basic 
practice we had to follow: design the simplest functional solution and implement it 
in the right moment during the project. When talking about simplest, we talk about 
a design that communicates exactly what programmers want, without duplicating 
code and with the fewest possible classes and methods. 

 Tests. There are a set of tests, decided by the customer, that are used for testing 
code functionality, especially after any modification. The only different thing we 
had to do in this practice was to insert other tests designed by our team, as well as 
the customer ones. 

 Pair programming. This was one of the most problematic practices. It is known that 
pair programming usually implies an important quality improvement (Richard, 
2007) and a significant decrease in the effort to be taken (Woi, 2006). With just one 
student in the team, he was the only responsible about all the code programming. 
It is obvious that it was impossible to avoid the effort to be made, that was going to 
rely on the student, but we realize that we could get the quality improvement in 
other ways. We decided to set a twice-a-week-code reviews, documenting in-depth 
all the code, and to support this practice with the next two: refactoring and the 
collective ownership. 

 Refactoring. This practice was used in its original formula to fulfill the incapacity of 
use the pair programming practice. Through the refactoring, the student reorganized 
the code with the objective of removing duplicated code, make it simpler and 
flexible for facilitating later changes (Letelier et al., 2004). This practice had to be 
used very often to assure the software quality. 

 Collective ownership. This practice supposes that any programmer of the team can 
improve any code. Being the project a FDP, only the student could modify the 
code. What we did, in order to reinforce the pair programming practice, was adapt 
this practice making the code accessible for the tutor but only in read-only mode. 
We gave the tutor permanent access to the code so he could revise it at least after 
each student code review, looking for features to improve. After each tutor review, 
if he had found code to improve, he planned a meeting with the student to discuss 
how to do it. The objective was to establish a conversation with the student so he 
realized the possible improvement. 

 Continuous integration. This practice increases quality as side-effects of a change are 
quickly uncovered, what reduces the effort needed for fixing them (Coram & 
Bohner, 2005). It consists in integrating the new code in the system after no more 
than a few hours. In this case, we didn’t need to make any tailoring. 

 On-site customer. Because the FDP is inside the academic course, coinciding with 
some last course subjects, the student couldn’t work full-time in the project. 
Because of this situation, we chose some days of the week (2-3) in which the 
student went to the companies’ offices to work there and have the customer beside. 
Therefore, we adapted this practice getting a temporary on-site programmer one. 

 40-hour weeks. As it was said before, the FDP wasn’t the only task of the student so 
the 40-hour weeks were impossible. The student had an average of 20-hour weeks 
although there were more intensive ones. 

 Open workspace. Because of the project situation, the workplace was dispersed in 3 
different locations: the work-place in the companies’ offices, the student home 
where he could work at weekends if needed and the tutor office at the Physics, 
Mathematics and Computation Sciences department where we had the meetings. 
In this case, we neither accomplished this practice. 

 Just rules. Due to the XP tailoring we were trying to carry out, we quickly realized 
that this was going to be one of the most important principles: all adapted practices 
had to be tested, used and resulted useful. 

 
The last main feature of the XP methodology is the roles distribution. According to original 
Beck proposal, there are 7 different roles: programmer, customer, tester, tracker, coach, 
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features of the application or give ideas to improve the user interface or 
functionality. Obviously, only logical and realistic corrections and ideas 
will be taken into account. 

c. The student reviews the application functionality (old and new added 
functionalities suggested by the end-user) with the customer. The 
objective of this checking is to avoid disagreement in the process; all the 
end-user ideas or suggestions that don’t fit the business processes must be 
commented to the customer. 

d. Returns to point ‘a’ until the prototype finishes converting itself into an 
application with full functionality. 

4. The application is used during one week, reporting bugs, corrections and all the 
modifications needed. During that week, all the documentation will be written if 
needed and the refactoring process will be finished. Obviously, any requirement 
change after that week will be taken into account and solved, but as a secondary 
task. This phase will finish with the final application integration into the system 
when all the requirements are accomplished. 

5. After that week, the process returns to point ‘1’. 
 
Kent Beck designed 13 main practices (Beck, 1999) that we are going to enumerate, 
summarize and explain, with regard to the needed tailoring: 

 
 Planning game. This “game” has the objective of allowing the customer to decide the 

scope and timing of releases based on estimates provided by programmers. Those 
will only implement the functionality demanded by the customer. We could 
accomplish this practice limiting the estimates. As a FDP (Final Degree Project), it 
has to be made in at least one year, so, as we will see later in other practices, the 
schedule available had to fit that time.  

 Small releases. It is important to have new releases often because although they 
don’t have full-functionality, they mean a business value and in our case, also 
educational value. Each release is supposed to be delivered not far than 3 months. 
Due to the number of applications and to the one year schedule, the time release 
varied from 3 weeks to 2 months, depending on the developing module size.  

 Metaphor. This metaphor, or set of metaphors, is a way of defining the shape of the 
system. It will describe how the system should work and it is a way of facilitating 
the understanding between the user and the customer. In our situation, we didn’t 
exactly use a metaphor. The first interviews between the student and the customer 
were used to lay down the terminology. 

 Simple design. Because the small amount of time we disposed of, this was a basic 
practice we had to follow: design the simplest functional solution and implement it 
in the right moment during the project. When talking about simplest, we talk about 
a design that communicates exactly what programmers want, without duplicating 
code and with the fewest possible classes and methods. 

 Tests. There are a set of tests, decided by the customer, that are used for testing 
code functionality, especially after any modification. The only different thing we 
had to do in this practice was to insert other tests designed by our team, as well as 
the customer ones. 

 Pair programming. This was one of the most problematic practices. It is known that 
pair programming usually implies an important quality improvement (Richard, 
2007) and a significant decrease in the effort to be taken (Woi, 2006). With just one 
student in the team, he was the only responsible about all the code programming. 
It is obvious that it was impossible to avoid the effort to be made, that was going to 
rely on the student, but we realize that we could get the quality improvement in 
other ways. We decided to set a twice-a-week-code reviews, documenting in-depth 
all the code, and to support this practice with the next two: refactoring and the 
collective ownership. 

 Refactoring. This practice was used in its original formula to fulfill the incapacity of 
use the pair programming practice. Through the refactoring, the student reorganized 
the code with the objective of removing duplicated code, make it simpler and 
flexible for facilitating later changes (Letelier et al., 2004). This practice had to be 
used very often to assure the software quality. 

 Collective ownership. This practice supposes that any programmer of the team can 
improve any code. Being the project a FDP, only the student could modify the 
code. What we did, in order to reinforce the pair programming practice, was adapt 
this practice making the code accessible for the tutor but only in read-only mode. 
We gave the tutor permanent access to the code so he could revise it at least after 
each student code review, looking for features to improve. After each tutor review, 
if he had found code to improve, he planned a meeting with the student to discuss 
how to do it. The objective was to establish a conversation with the student so he 
realized the possible improvement. 

 Continuous integration. This practice increases quality as side-effects of a change are 
quickly uncovered, what reduces the effort needed for fixing them (Coram & 
Bohner, 2005). It consists in integrating the new code in the system after no more 
than a few hours. In this case, we didn’t need to make any tailoring. 

 On-site customer. Because the FDP is inside the academic course, coinciding with 
some last course subjects, the student couldn’t work full-time in the project. 
Because of this situation, we chose some days of the week (2-3) in which the 
student went to the companies’ offices to work there and have the customer beside. 
Therefore, we adapted this practice getting a temporary on-site programmer one. 

 40-hour weeks. As it was said before, the FDP wasn’t the only task of the student so 
the 40-hour weeks were impossible. The student had an average of 20-hour weeks 
although there were more intensive ones. 

 Open workspace. Because of the project situation, the workplace was dispersed in 3 
different locations: the work-place in the companies’ offices, the student home 
where he could work at weekends if needed and the tutor office at the Physics, 
Mathematics and Computation Sciences department where we had the meetings. 
In this case, we neither accomplished this practice. 

 Just rules. Due to the XP tailoring we were trying to carry out, we quickly realized 
that this was going to be one of the most important principles: all adapted practices 
had to be tested, used and resulted useful. 

 
The last main feature of the XP methodology is the roles distribution. According to original 
Beck proposal, there are 7 different roles: programmer, customer, tester, tracker, coach, 
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features of the application or give ideas to improve the user interface or 
functionality. Obviously, only logical and realistic corrections and ideas 
will be taken into account. 

c. The student reviews the application functionality (old and new added 
functionalities suggested by the end-user) with the customer. The 
objective of this checking is to avoid disagreement in the process; all the 
end-user ideas or suggestions that don’t fit the business processes must be 
commented to the customer. 

d. Returns to point ‘a’ until the prototype finishes converting itself into an 
application with full functionality. 

4. The application is used during one week, reporting bugs, corrections and all the 
modifications needed. During that week, all the documentation will be written if 
needed and the refactoring process will be finished. Obviously, any requirement 
change after that week will be taken into account and solved, but as a secondary 
task. This phase will finish with the final application integration into the system 
when all the requirements are accomplished. 

5. After that week, the process returns to point ‘1’. 
 
Kent Beck designed 13 main practices (Beck, 1999) that we are going to enumerate, 
summarize and explain, with regard to the needed tailoring: 

 
 Planning game. This “game” has the objective of allowing the customer to decide the 

scope and timing of releases based on estimates provided by programmers. Those 
will only implement the functionality demanded by the customer. We could 
accomplish this practice limiting the estimates. As a FDP (Final Degree Project), it 
has to be made in at least one year, so, as we will see later in other practices, the 
schedule available had to fit that time.  

 Small releases. It is important to have new releases often because although they 
don’t have full-functionality, they mean a business value and in our case, also 
educational value. Each release is supposed to be delivered not far than 3 months. 
Due to the number of applications and to the one year schedule, the time release 
varied from 3 weeks to 2 months, depending on the developing module size.  

 Metaphor. This metaphor, or set of metaphors, is a way of defining the shape of the 
system. It will describe how the system should work and it is a way of facilitating 
the understanding between the user and the customer. In our situation, we didn’t 
exactly use a metaphor. The first interviews between the student and the customer 
were used to lay down the terminology. 

 Simple design. Because the small amount of time we disposed of, this was a basic 
practice we had to follow: design the simplest functional solution and implement it 
in the right moment during the project. When talking about simplest, we talk about 
a design that communicates exactly what programmers want, without duplicating 
code and with the fewest possible classes and methods. 

 Tests. There are a set of tests, decided by the customer, that are used for testing 
code functionality, especially after any modification. The only different thing we 
had to do in this practice was to insert other tests designed by our team, as well as 
the customer ones. 

 Pair programming. This was one of the most problematic practices. It is known that 
pair programming usually implies an important quality improvement (Richard, 
2007) and a significant decrease in the effort to be taken (Woi, 2006). With just one 
student in the team, he was the only responsible about all the code programming. 
It is obvious that it was impossible to avoid the effort to be made, that was going to 
rely on the student, but we realize that we could get the quality improvement in 
other ways. We decided to set a twice-a-week-code reviews, documenting in-depth 
all the code, and to support this practice with the next two: refactoring and the 
collective ownership. 

 Refactoring. This practice was used in its original formula to fulfill the incapacity of 
use the pair programming practice. Through the refactoring, the student reorganized 
the code with the objective of removing duplicated code, make it simpler and 
flexible for facilitating later changes (Letelier et al., 2004). This practice had to be 
used very often to assure the software quality. 

 Collective ownership. This practice supposes that any programmer of the team can 
improve any code. Being the project a FDP, only the student could modify the 
code. What we did, in order to reinforce the pair programming practice, was adapt 
this practice making the code accessible for the tutor but only in read-only mode. 
We gave the tutor permanent access to the code so he could revise it at least after 
each student code review, looking for features to improve. After each tutor review, 
if he had found code to improve, he planned a meeting with the student to discuss 
how to do it. The objective was to establish a conversation with the student so he 
realized the possible improvement. 

 Continuous integration. This practice increases quality as side-effects of a change are 
quickly uncovered, what reduces the effort needed for fixing them (Coram & 
Bohner, 2005). It consists in integrating the new code in the system after no more 
than a few hours. In this case, we didn’t need to make any tailoring. 

 On-site customer. Because the FDP is inside the academic course, coinciding with 
some last course subjects, the student couldn’t work full-time in the project. 
Because of this situation, we chose some days of the week (2-3) in which the 
student went to the companies’ offices to work there and have the customer beside. 
Therefore, we adapted this practice getting a temporary on-site programmer one. 

 40-hour weeks. As it was said before, the FDP wasn’t the only task of the student so 
the 40-hour weeks were impossible. The student had an average of 20-hour weeks 
although there were more intensive ones. 

 Open workspace. Because of the project situation, the workplace was dispersed in 3 
different locations: the work-place in the companies’ offices, the student home 
where he could work at weekends if needed and the tutor office at the Physics, 
Mathematics and Computation Sciences department where we had the meetings. 
In this case, we neither accomplished this practice. 

 Just rules. Due to the XP tailoring we were trying to carry out, we quickly realized 
that this was going to be one of the most important principles: all adapted practices 
had to be tested, used and resulted useful. 

 
The last main feature of the XP methodology is the roles distribution. According to original 
Beck proposal, there are 7 different roles: programmer, customer, tester, tracker, coach, 
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consultant and big boss. Our problem was that we only had 4 different roles with different 
authority level that should be respected: student, tutor, specialist and customer. The 
customer, obviously, adopted the original customer role. Because this project is focused on 
getting a real application for real enterprises, the customer also took the big boss role that 
supposes a coordination labor. Taking this second rule, we tried to get a highest 
involvement of the customer in the project. 
As we are talking about an academic subject, it’s logical that the hardest roles relied on the 
student: programmer, tracker (gives feedback of the project situation and of each iteration), 
tester (helps the customer to write tests, executes the tests and spreads the results to the 
team) and big boss. The last role was shared because we thought that would be interesting 
for the student to help coordinating a team, although he was almost all the team. The tutor 
was a teacher from the University that had to evaluate the project planning, development 
and final result. In this case he adopted the following roles: coach (process global 
responsible that provides guides for following XP practices and features), tracker, as a 
student support, and big boss, supporting coordination between customer and student. 
Finally, the professional role is a person from outside the university that gives continuous 
real feedback to the team. He adopted the consultant original role. 

 
5. Project results 
 

Before talking about the Project results, it is important to point out first which are the 
objectives, both educative and professional, and which are the conditions required to 
consider both achieved. When it comes to analyze the selected objectives, it is important to 
highlight that in the Computer Science degree at the CEU-UCH University, there are 3 
projects for each of the last 3 years of the degree. That is the reason why in the two previous 
projects, the student was trained in some basic aspects.   

 
5.1 Educative objectives 
In 2002, the ACM and the IEEE-CS jointly proposed a basis for the education of software 
engineers called SEEK (Software Engineering Education Knowledge) (SEEK, 2002). SEEK 
defined 10 basic topic areas that are going to be analyzed below, indicating which were 
addressed in earlier courses and which were the objectives we proposed ourselves. The 
basic SEEK areas covered in early courses were: fundamentals (understanding for 
fundamentals mathematics and the foundations of computing and engineering like 
requirements specification or risk management), software design, software construction, 
software verification and validation, software engineering process and software quality.  
In this last project, four SEEK areas were expected to be practiced: professional practice, 
software requirements, software evolution and software engineering managements. For 
these areas, partial success was achieved: 

 Professional practice. In order to train good professionals, it’s important for the 
students to have real contact with their future working environment. The tailored 
“temporary programmer on-site” XP practice, together with the fact that the 
student was the one who always interacted with the customer (always under the 
tutor guide), has allowed the student to have that real contact. It’s true that the 
contact hasn’t been all the real it could be in a normal project because the project is 

an academic one, but it has been enough for considering the success achievement 
of the area. It would have been great to treat issues of the contract. 

 Software requirements. In the preceding projects, the students were at the same 
time the programmers and the customers which specified the requirements, reason 
why they always knew what they needed or wanted and how they wanted, rarely 
changing those requirements. As it has been said, XP perfectly adapts to changes 
reason why it has been a great tool helping the student to deal with two problems: 
changing requirements and change process. The achievement of this area has been 
partial achieved. Because the student used to be the customer, in some occasions he 
took for granted requirements or applications features that later didn’t agree with 
the real customer decisions. It’s very important for the student to be humble, 
realizing that the real customer is the one who dictates the requirements. 

 Software evolution. This area is focused on change and how to deal with it. Change 
is understood as a stage in an activity related to maintenance, reengineering or 
reuse. The main problem in this area is the time limitation and the project size. For 
dealing with the software evolution in such a big project, more time is needed. 

 
Regarding the student, and regardless the educative objectives, the motivation and the 
involvement grade of the student in this kind of real projects are higher than in non-real 
ones. We checked this reality comparing the scheduling fulfilling of the student of this case 
study with the scheduling of some of his classmates. In our case, the milestones dates were 
achieved at time with only one delay at the beginning of the project. The classmates that 
worked on non-real projects always tended to delay the milestone achievement a week at 
least. 

 
5.2 Professional objectives 
The main professional objective was the development of a high modular ERP. Between all 
the modules, three were chosen as the key and fundamental ones: the model management, 
the stock management and the invoice application. The student began with some 
complementary modules needed like the customer or supplier applications (only inserting, 
deleting and editing) focusing later on the 3 main modules and finishing them completely. 
Due to the lack of time, only one more, of the possible modules, was developed: the one 
focused on reporting tasks and summary information. 
The basic objective was achieved (the 3 modules development), but it’s true that other 
modules that would give business value and usefulness to the ERP were not fully 
developed. These modules (highlighting the BI reporting application) were just designed 
and, after the FDP evaluation, began their development and are nowadays in the testing 
phase. 
 
From the university point of view, the methodology used gave us important opportunities: 
 

 It allowed the University to prepare a student for real job world, training and 
guiding him in a way other universities actually don’t do. 

 The tailor-made XP designed gives the University a methodology to reuse and 
improve in following years. 
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consultant and big boss. Our problem was that we only had 4 different roles with different 
authority level that should be respected: student, tutor, specialist and customer. The 
customer, obviously, adopted the original customer role. Because this project is focused on 
getting a real application for real enterprises, the customer also took the big boss role that 
supposes a coordination labor. Taking this second rule, we tried to get a highest 
involvement of the customer in the project. 
As we are talking about an academic subject, it’s logical that the hardest roles relied on the 
student: programmer, tracker (gives feedback of the project situation and of each iteration), 
tester (helps the customer to write tests, executes the tests and spreads the results to the 
team) and big boss. The last role was shared because we thought that would be interesting 
for the student to help coordinating a team, although he was almost all the team. The tutor 
was a teacher from the University that had to evaluate the project planning, development 
and final result. In this case he adopted the following roles: coach (process global 
responsible that provides guides for following XP practices and features), tracker, as a 
student support, and big boss, supporting coordination between customer and student. 
Finally, the professional role is a person from outside the university that gives continuous 
real feedback to the team. He adopted the consultant original role. 

 
5. Project results 
 

Before talking about the Project results, it is important to point out first which are the 
objectives, both educative and professional, and which are the conditions required to 
consider both achieved. When it comes to analyze the selected objectives, it is important to 
highlight that in the Computer Science degree at the CEU-UCH University, there are 3 
projects for each of the last 3 years of the degree. That is the reason why in the two previous 
projects, the student was trained in some basic aspects.   

 
5.1 Educative objectives 
In 2002, the ACM and the IEEE-CS jointly proposed a basis for the education of software 
engineers called SEEK (Software Engineering Education Knowledge) (SEEK, 2002). SEEK 
defined 10 basic topic areas that are going to be analyzed below, indicating which were 
addressed in earlier courses and which were the objectives we proposed ourselves. The 
basic SEEK areas covered in early courses were: fundamentals (understanding for 
fundamentals mathematics and the foundations of computing and engineering like 
requirements specification or risk management), software design, software construction, 
software verification and validation, software engineering process and software quality.  
In this last project, four SEEK areas were expected to be practiced: professional practice, 
software requirements, software evolution and software engineering managements. For 
these areas, partial success was achieved: 

 Professional practice. In order to train good professionals, it’s important for the 
students to have real contact with their future working environment. The tailored 
“temporary programmer on-site” XP practice, together with the fact that the 
student was the one who always interacted with the customer (always under the 
tutor guide), has allowed the student to have that real contact. It’s true that the 
contact hasn’t been all the real it could be in a normal project because the project is 

an academic one, but it has been enough for considering the success achievement 
of the area. It would have been great to treat issues of the contract. 
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consultant and big boss. Our problem was that we only had 4 different roles with different 
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tester (helps the customer to write tests, executes the tests and spreads the results to the 
team) and big boss. The last role was shared because we thought that would be interesting 
for the student to help coordinating a team, although he was almost all the team. The tutor 
was a teacher from the University that had to evaluate the project planning, development 
and final result. In this case he adopted the following roles: coach (process global 
responsible that provides guides for following XP practices and features), tracker, as a 
student support, and big boss, supporting coordination between customer and student. 
Finally, the professional role is a person from outside the university that gives continuous 
real feedback to the team. He adopted the consultant original role. 

 
5. Project results 
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these areas, partial success was achieved: 

 Professional practice. In order to train good professionals, it’s important for the 
students to have real contact with their future working environment. The tailored 
“temporary programmer on-site” XP practice, together with the fact that the 
student was the one who always interacted with the customer (always under the 
tutor guide), has allowed the student to have that real contact. It’s true that the 
contact hasn’t been all the real it could be in a normal project because the project is 

an academic one, but it has been enough for considering the success achievement 
of the area. It would have been great to treat issues of the contract. 

 Software requirements. In the preceding projects, the students were at the same 
time the programmers and the customers which specified the requirements, reason 
why they always knew what they needed or wanted and how they wanted, rarely 
changing those requirements. As it has been said, XP perfectly adapts to changes 
reason why it has been a great tool helping the student to deal with two problems: 
changing requirements and change process. The achievement of this area has been 
partial achieved. Because the student used to be the customer, in some occasions he 
took for granted requirements or applications features that later didn’t agree with 
the real customer decisions. It’s very important for the student to be humble, 
realizing that the real customer is the one who dictates the requirements. 

 Software evolution. This area is focused on change and how to deal with it. Change 
is understood as a stage in an activity related to maintenance, reengineering or 
reuse. The main problem in this area is the time limitation and the project size. For 
dealing with the software evolution in such a big project, more time is needed. 

 
Regarding the student, and regardless the educative objectives, the motivation and the 
involvement grade of the student in this kind of real projects are higher than in non-real 
ones. We checked this reality comparing the scheduling fulfilling of the student of this case 
study with the scheduling of some of his classmates. In our case, the milestones dates were 
achieved at time with only one delay at the beginning of the project. The classmates that 
worked on non-real projects always tended to delay the milestone achievement a week at 
least. 

 
5.2 Professional objectives 
The main professional objective was the development of a high modular ERP. Between all 
the modules, three were chosen as the key and fundamental ones: the model management, 
the stock management and the invoice application. The student began with some 
complementary modules needed like the customer or supplier applications (only inserting, 
deleting and editing) focusing later on the 3 main modules and finishing them completely. 
Due to the lack of time, only one more, of the possible modules, was developed: the one 
focused on reporting tasks and summary information. 
The basic objective was achieved (the 3 modules development), but it’s true that other 
modules that would give business value and usefulness to the ERP were not fully 
developed. These modules (highlighting the BI reporting application) were just designed 
and, after the FDP evaluation, began their development and are nowadays in the testing 
phase. 
 
From the university point of view, the methodology used gave us important opportunities: 
 

 It allowed the University to prepare a student for real job world, training and 
guiding him in a way other universities actually don’t do. 

 The tailor-made XP designed gives the University a methodology to reuse and 
improve in following years. 

A	Modified	Agile	Methodology	for	an	ERP	Academic	Project	Development 103

 

consultant and big boss. Our problem was that we only had 4 different roles with different 
authority level that should be respected: student, tutor, specialist and customer. The 
customer, obviously, adopted the original customer role. Because this project is focused on 
getting a real application for real enterprises, the customer also took the big boss role that 
supposes a coordination labor. Taking this second rule, we tried to get a highest 
involvement of the customer in the project. 
As we are talking about an academic subject, it’s logical that the hardest roles relied on the 
student: programmer, tracker (gives feedback of the project situation and of each iteration), 
tester (helps the customer to write tests, executes the tests and spreads the results to the 
team) and big boss. The last role was shared because we thought that would be interesting 
for the student to help coordinating a team, although he was almost all the team. The tutor 
was a teacher from the University that had to evaluate the project planning, development 
and final result. In this case he adopted the following roles: coach (process global 
responsible that provides guides for following XP practices and features), tracker, as a 
student support, and big boss, supporting coordination between customer and student. 
Finally, the professional role is a person from outside the university that gives continuous 
real feedback to the team. He adopted the consultant original role. 

 
5. Project results 
 

Before talking about the Project results, it is important to point out first which are the 
objectives, both educative and professional, and which are the conditions required to 
consider both achieved. When it comes to analyze the selected objectives, it is important to 
highlight that in the Computer Science degree at the CEU-UCH University, there are 3 
projects for each of the last 3 years of the degree. That is the reason why in the two previous 
projects, the student was trained in some basic aspects.   

 
5.1 Educative objectives 
In 2002, the ACM and the IEEE-CS jointly proposed a basis for the education of software 
engineers called SEEK (Software Engineering Education Knowledge) (SEEK, 2002). SEEK 
defined 10 basic topic areas that are going to be analyzed below, indicating which were 
addressed in earlier courses and which were the objectives we proposed ourselves. The 
basic SEEK areas covered in early courses were: fundamentals (understanding for 
fundamentals mathematics and the foundations of computing and engineering like 
requirements specification or risk management), software design, software construction, 
software verification and validation, software engineering process and software quality.  
In this last project, four SEEK areas were expected to be practiced: professional practice, 
software requirements, software evolution and software engineering managements. For 
these areas, partial success was achieved: 

 Professional practice. In order to train good professionals, it’s important for the 
students to have real contact with their future working environment. The tailored 
“temporary programmer on-site” XP practice, together with the fact that the 
student was the one who always interacted with the customer (always under the 
tutor guide), has allowed the student to have that real contact. It’s true that the 
contact hasn’t been all the real it could be in a normal project because the project is 

an academic one, but it has been enough for considering the success achievement 
of the area. It would have been great to treat issues of the contract. 

 Software requirements. In the preceding projects, the students were at the same 
time the programmers and the customers which specified the requirements, reason 
why they always knew what they needed or wanted and how they wanted, rarely 
changing those requirements. As it has been said, XP perfectly adapts to changes 
reason why it has been a great tool helping the student to deal with two problems: 
changing requirements and change process. The achievement of this area has been 
partial achieved. Because the student used to be the customer, in some occasions he 
took for granted requirements or applications features that later didn’t agree with 
the real customer decisions. It’s very important for the student to be humble, 
realizing that the real customer is the one who dictates the requirements. 

 Software evolution. This area is focused on change and how to deal with it. Change 
is understood as a stage in an activity related to maintenance, reengineering or 
reuse. The main problem in this area is the time limitation and the project size. For 
dealing with the software evolution in such a big project, more time is needed. 

 
Regarding the student, and regardless the educative objectives, the motivation and the 
involvement grade of the student in this kind of real projects are higher than in non-real 
ones. We checked this reality comparing the scheduling fulfilling of the student of this case 
study with the scheduling of some of his classmates. In our case, the milestones dates were 
achieved at time with only one delay at the beginning of the project. The classmates that 
worked on non-real projects always tended to delay the milestone achievement a week at 
least. 

 
5.2 Professional objectives 
The main professional objective was the development of a high modular ERP. Between all 
the modules, three were chosen as the key and fundamental ones: the model management, 
the stock management and the invoice application. The student began with some 
complementary modules needed like the customer or supplier applications (only inserting, 
deleting and editing) focusing later on the 3 main modules and finishing them completely. 
Due to the lack of time, only one more, of the possible modules, was developed: the one 
focused on reporting tasks and summary information. 
The basic objective was achieved (the 3 modules development), but it’s true that other 
modules that would give business value and usefulness to the ERP were not fully 
developed. These modules (highlighting the BI reporting application) were just designed 
and, after the FDP evaluation, began their development and are nowadays in the testing 
phase. 
 
From the university point of view, the methodology used gave us important opportunities: 
 

 It allowed the University to prepare a student for real job world, training and 
guiding him in a way other universities actually don’t do. 

 The tailor-made XP designed gives the University a methodology to reuse and 
improve in following years. 



New	Achievements	in	Technology,	Education	and	Development104

 

 The successful conclusion of the project will impulse more collaboration deals 
between our university and other SME of our country. Obviously, as we are talking 
about a project framed in a final degree project, which implies little time, the 
adaption of the agile methodology played a fundamental role giving us the 
flexibility needed to face this project successfully. 

 
5.3 Project functionalities 
The tailor-made XP gave as final result a real and actually in use ERP that automates the 
main business processes with no charge. It’s called SIGATYC and it’s a high modular system 
that gives to the end-users the opportunity of working with a set of applications to which 
they have access. Obviously, not all the users can access to all the applications. There are 
strict security measures, at application and database levels, that avoid unauthorized use of 
private data. 
After the authentication process, SIGATYC begins with what the student called “Control 
Panel”, from which the end-users can choose a specific application. 
 

 
Fig. 1. Control Panel where each icon represents an application 
 
Those applications are classified in 5 main groups: 
 

1. PRODUCTS. This category groups all the applications related to product data 
management. Inside this group the Stock application can be found. This was one of 
the fundamental applications to carry out. 

2. ORDERS AND SALES. This is a group prepared for further developments, in 
which end-users would find applications related with orders made by customers 
and to suppliers, their actual situation and the invoices and delivery notes 
generated after selling or receiving products. Only the invoice application is 
available. In the future, the invoice application data will be fed by the customer 
orders entries. 

3. CUSTOMERS AND SUPPLIERS. In this group there are only two applications that 
records and identifies the existing customer and suppliers. Although this is an 
interesting group for developing applications focused on reinforcing the company 
relation with the customers and suppliers, the CC company wasn’t interested in 
this kind of applications. 

4. MANAGEMENT. This group is exclusively for the manager. From here he can 
manage prices, get detailed reports about sells, about customer purchases, etc. 

5. USERS MANAGEMENT. These applications will be used for joining new user, 
delete old users or modify their data and application listing to which they have 
access. 

 

 
Fig. 2. Model management application with an image gallery web widget 
 
Although the applications are grouped in five different groups, the access rights are granted 
by application, not by group. In this way, the end-users have a better delimited set of 
applications they can use. 
About existing applications, a remark should be made about “Customers and suppliers” 
ones. Extended ERPs are characterized for including two well known extensions called 
Supply Chain Management (SCM) and Customer Relation Management (CRM). These two 
extensions enable effective third-party business relationships between the organization, 
suppliers and the customers (Hossain et al., 2002). Despite the possible benefits both can 
imply, SIGATYC doesn’t include these kinds of applications because of direct company 
decision. 
About the accounting application, this wasn’t developed because the company already had 
a specific independent software package focused on this area. What the student did after the 
FDP evaluation, was to connect the ERP developed with the data files of the accounting 
application, allowing the reports applications to access and read the finance data, and 
connecting both software packages where necessary. This was an important part of the 
project because the CC company didn’t want to lose the money investment made in the 
accounting application. 
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Fig. 3. Invoice application. One of the most important applications for the company. 

 
6. Conclusions 
 

The result of using a tailored agile methodology for the design, development and 
implementation of an ERP by a student of last course could be described as satisfactory. The 
student, in his relation with the customer and the company, has acquired knowledge 
impossible to acquire in the classroom. He had to plan the project, being able to experiment 
the problems and situations that a bad schedule or an undervalued task can cause. He has 
learnt to treat with a real customer, who has changed the requirements repeated times 
forcing him to be more flexible (to what the tailored XP has help), with whom the student 
has been in constant and direct contact communicating via phone or mail using a correct 
and appropriate language and expressions. All these experiences have helped to train the 
student as a future Computer Science professional. As for the company, it has obtained the 
basic portion of the tool that will help in its material management and business process 
automation. 
However, there exist some aspects to improve: 
 

 Project size. Because of the time limitation, there are two options: to develop 
smaller and simpler projects, which allow the long use of all the XP practices by 
just one student or create at least two little teams (of two students each one) which 
should work in parallel but in constant communication between them and with the 
client. This last option would complicate the client interaction. It’s known that 
clients don’t fully understand the benefit of regular developer-client interactions 
and don’t want to be bothered.  

 The available time. The time that a final course Project offers is limited: just one 
year at CEU-UCH studies. Such a short period has two important limitations: on 
the one hand it limits the size and complexity of the project, on the other hand, it 
doesn’t allow the student to observe the software evolution. As for the time, it is 

important to stand out that, although the FPD evaluation takes in a year, the 
project goes on until it’s completely finished. 

 The team size. As it has been indicated, it would be preferable to have groups of 
two students, allowing the exchange of them between the different groups in order 
to use the “pair programming” practice and allowing the students to work with 
more students. It’s important to teach the student to face up dynamic teamwork 
because it’s one of the working characteristics more appreciated by firms. 

 
For further projects, smaller information systems for two student teams will be proposed. 
For improving the tutor evaluation process and for eliminating part of the documentation, 
new and different practices can be applied: the mutual explained qualification between the 
students after a module finalization or evaluation of the degree of ability acquired in the 
resolution of changes along the project. The objective is to use different kinds of deliverables 
different from documentation. 
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important to stand out that, although the FPD evaluation takes in a year, the 
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 The team size. As it has been indicated, it would be preferable to have groups of 
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Objectives 
 

Describe features of E-learning that characterize telepresence teaching 
Illustrate how telepresence teaching can make learning more individualized and contribute 
to making conceptualization easier. 
 
Discuss issues of implementation (Cost, benefits and disadvantages) 
Show link between theory and practice of telepresence and motivation in teaching 

 
1. Introduction 
 

Telepresence teaching is not a new concept. What is  new is the improved technologies of e-
learning Advances in E –learning technologies have brought to the teaching process an 
exciting array of methods for motivating learners, reinforcing learning and automating 
student teacher interactions and instant feedback. One advantage of E – learning that I 
personally celebrate is the ability to monitor students’ progress continuously to foster 
learning as compared to just assigning a grade. By aligning assessment precisely with the 
full range of students’ classroom experiences as they occur. Learners’ experiences have been 
at the center of educational research. For example, experiential learning and media studies 
revealed the importance of learners’ technology usage patterns and the correlation between 
these patterns and the different technologies. The studies also delineate learning gains by 
describing how the learners’s experience of technology related to achievement (Dillon & 
Gabbard, 1998). Research has demonstrated that telepresence teaching is mostly about 
student’s experience. Telepresence teaching effectiveness relies on sound, visual, motion 
effects on message design. 
 
Many learning theories call for experience-based instruction. For example, constructivism by 
Piaget (1963), social cognition by Bandura (1977), experiential learning by Kolb, (1984) and 
ecological theory by Bronfenbrenner (1979) demonstrate the importance of the learners’ 
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experience in the creation of meaning as they interact with the learning environment. The 
theories also explain how the dynamic capacities for thought, feelings, and actions relate to 
the characteristics of the settings in which the learners are situated. The learners’ 
background, prior knowledge, and experience influence the understanding of content 
(Gagne, 1985). One way of targeting students’ experiences is by threading blue prints for 
specific experiential outcomes through the message design. 
 
Telepresence teaching is one approach that describes message representations in terms of 
the learners experiences. The approach emphasizes how end users of a particular technology 
experience feelings of presence as they use the specific technology. Studies related to 
telepresence have shown that systems such as multimedia, hypermedia, television, and 
videoconferencing have the potential to present messages based on receivers’ experiences in 
a way that course the receiver to feel present in the displayed message (Biocca, 1997; 
Broadbent, 2002; Windelborn, 2002). With a broad bandwidth internet, all the above 
mentioned media can be used to convey telepresence. 

 
2. The concept of telepresence 
 

Telepresence can simply be described as creating presence over distance and time. In a 
study conducted at the University of Botswana, the researcher defined telepresence as a 
simultaneous presence of both the communicator and the communicant created by 
variations in the depth and scope of the message in visuals and interactivity. 
The message’s visuals and interactivity was reported to cause the feelings of presence 
(Losike – Sedimo, 2003, 2006). Other researchers described telepresence as a method of 
telecommunicating, which has an inherent quality of organizing information in the 
receivers’ head in special code systems that creates a twist in the perceived reality (Coyle, 
1997). The stimuli in the mediated communication can be made more powerful or 
persuasive in order to overwhelm the stimuli in the physical environment. Symbols 
representing the message could be arranged in alignment with the receivers’ prior 
knowledge and senses (Kim & Biocca, 1997). In addition, telepresence can be viewed as a 
perceptual process of how the learners perceive the message. The concept of telepresence is 
an important component of experiential learning (Kearsley, 1999; it is in fact manifested in 
most course deliveries without necessarily being called telepresence teaching (Windelborn, 
2002). Most of e-learning activities involving communication tools and visuals as well as 
interactivity involve experiential learning that can be called telepresence teaching and 
learning. 
Telepresence is an important component of understanding how people experience mediated 
communication. Most importantly, it expands the conceptualization of communication in 
virtual reality environments as it relates to the physical environments (Lombard & Ditton, 
1997). Telepresence has also been reported to arouse motivation to learn (Rosenberg, 1994). 
By incorporating the features of telepresence into instructional design, an effective 
communication for different types of learners would be created. The effective 
communication for different types of learners could, in turn, make learning effective. When 
learning is effective, the lesson objectives are likely to be achieved (Smith & Ragan, 1999). 
Hence the use of E- learning design tools to create telepresence teaching would be of great 
benefit to both the teacher and the learner. In addition,. if the teacher wants the learner, to 

see, hear, taste or touch, all sorts objects, or create all sorts of interactions, telepresence 
teaching is the answer. As a concept, such teaching promises to bring a paradigm shift in 
pedagogy (Buxton, 1999). E-learning designers can make lessons more fun and more 
engaging, by creating meaningful experiences through use of telepresence approach in their 
instruction.  

 
3. Individualizing learning with telepresence teaching 
 

Rogers (1969) distinguished two types of learning: (a) cognitive (meaningless), and (b) 
experiential (significant). The former corresponds to academic knowledge such as learning 
vocabulary or multiplication tables, and the latter refers to applied knowledge such as 
learning about engines in order to repair a car. Experiential learning allows the learner to 
discover knowledge, give it meaning, and relevance according to his needs and wants 
telepresence teaching causes this type of experiential learning. This individualises 
instruction according to the learners needs. In telepresence teaching the teacher avails 
resources while the learners take full control of their learning.  Hence telepresence teaching 
facilitate experiential learning by well thought out message designs.The facilitation was 
stated to include (a) setting a positive climate for learning, (b) clarifying the purposes for the 
learners, (c) organizing and making learning resources available, (d) balancing intellectual 
and emotional components of learning, and (e) sharing feelings and thoughts with learners 
without dominating. According to Rogers, learning is facilitated when (a) the student 
participates completely in the learning process and has control over the learning’s nature 
and direction. 
 
Rogers also emphasized the importance of learning to learn and an openness to change. 
Instruction can be designed to follow his views of learning to create individualized 
telepresence teaching. Intrinsic to  such designs would be merits and weaknesses inherent in 
the message design used. Telepresence instructional approach aims at learning which is 
continuous and is grounded in learners’ experiences. The approach advocates special effects 
for a lesson delivery that gives different individuals a true to live unique experience. 
Technically, telepresence refers to a set of technologies that allow a person to feel as if they 
are present at a location other than their true location. This generally involves images of life-
size participants with mirrored environments where participants feel as if they are in the 
same physical space. These technologies have facilitated the emergence and rapid growth of 
learning communities whose members interact from remote corners of the globe. When 
telepresence is used in E-learning students are able to personalise their involvement initiate 
learning activities, evaluate their learning and motivate themselves to complete the learning 
process. 

 
4. Theoretical foundations of telepresence teaching 
 

4.1 Information Processing Theory Perspective  
In a classroom setting, perception of environmental stimuli may determine how students 
take in content and understand it. There is no single explanation about how students 
perceive and process information. One of the many explanations can be found in 
information processing theory. Information processing theory has been described by 
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experience in the creation of meaning as they interact with the learning environment. The 
theories also explain how the dynamic capacities for thought, feelings, and actions relate to 
the characteristics of the settings in which the learners are situated. The learners’ 
background, prior knowledge, and experience influence the understanding of content 
(Gagne, 1985). One way of targeting students’ experiences is by threading blue prints for 
specific experiential outcomes through the message design. 
 
Telepresence teaching is one approach that describes message representations in terms of 
the learners experiences. The approach emphasizes how end users of a particular technology 
experience feelings of presence as they use the specific technology. Studies related to 
telepresence have shown that systems such as multimedia, hypermedia, television, and 
videoconferencing have the potential to present messages based on receivers’ experiences in 
a way that course the receiver to feel present in the displayed message (Biocca, 1997; 
Broadbent, 2002; Windelborn, 2002). With a broad bandwidth internet, all the above 
mentioned media can be used to convey telepresence. 

 
2. The concept of telepresence 
 

Telepresence can simply be described as creating presence over distance and time. In a 
study conducted at the University of Botswana, the researcher defined telepresence as a 
simultaneous presence of both the communicator and the communicant created by 
variations in the depth and scope of the message in visuals and interactivity. 
The message’s visuals and interactivity was reported to cause the feelings of presence 
(Losike – Sedimo, 2003, 2006). Other researchers described telepresence as a method of 
telecommunicating, which has an inherent quality of organizing information in the 
receivers’ head in special code systems that creates a twist in the perceived reality (Coyle, 
1997). The stimuli in the mediated communication can be made more powerful or 
persuasive in order to overwhelm the stimuli in the physical environment. Symbols 
representing the message could be arranged in alignment with the receivers’ prior 
knowledge and senses (Kim & Biocca, 1997). In addition, telepresence can be viewed as a 
perceptual process of how the learners perceive the message. The concept of telepresence is 
an important component of experiential learning (Kearsley, 1999; it is in fact manifested in 
most course deliveries without necessarily being called telepresence teaching (Windelborn, 
2002). Most of e-learning activities involving communication tools and visuals as well as 
interactivity involve experiential learning that can be called telepresence teaching and 
learning. 
Telepresence is an important component of understanding how people experience mediated 
communication. Most importantly, it expands the conceptualization of communication in 
virtual reality environments as it relates to the physical environments (Lombard & Ditton, 
1997). Telepresence has also been reported to arouse motivation to learn (Rosenberg, 1994). 
By incorporating the features of telepresence into instructional design, an effective 
communication for different types of learners would be created. The effective 
communication for different types of learners could, in turn, make learning effective. When 
learning is effective, the lesson objectives are likely to be achieved (Smith & Ragan, 1999). 
Hence the use of E- learning design tools to create telepresence teaching would be of great 
benefit to both the teacher and the learner. In addition,. if the teacher wants the learner, to 

see, hear, taste or touch, all sorts objects, or create all sorts of interactions, telepresence 
teaching is the answer. As a concept, such teaching promises to bring a paradigm shift in 
pedagogy (Buxton, 1999). E-learning designers can make lessons more fun and more 
engaging, by creating meaningful experiences through use of telepresence approach in their 
instruction.  

 
3. Individualizing learning with telepresence teaching 
 

Rogers (1969) distinguished two types of learning: (a) cognitive (meaningless), and (b) 
experiential (significant). The former corresponds to academic knowledge such as learning 
vocabulary or multiplication tables, and the latter refers to applied knowledge such as 
learning about engines in order to repair a car. Experiential learning allows the learner to 
discover knowledge, give it meaning, and relevance according to his needs and wants 
telepresence teaching causes this type of experiential learning. This individualises 
instruction according to the learners needs. In telepresence teaching the teacher avails 
resources while the learners take full control of their learning.  Hence telepresence teaching 
facilitate experiential learning by well thought out message designs.The facilitation was 
stated to include (a) setting a positive climate for learning, (b) clarifying the purposes for the 
learners, (c) organizing and making learning resources available, (d) balancing intellectual 
and emotional components of learning, and (e) sharing feelings and thoughts with learners 
without dominating. According to Rogers, learning is facilitated when (a) the student 
participates completely in the learning process and has control over the learning’s nature 
and direction. 
 
Rogers also emphasized the importance of learning to learn and an openness to change. 
Instruction can be designed to follow his views of learning to create individualized 
telepresence teaching. Intrinsic to  such designs would be merits and weaknesses inherent in 
the message design used. Telepresence instructional approach aims at learning which is 
continuous and is grounded in learners’ experiences. The approach advocates special effects 
for a lesson delivery that gives different individuals a true to live unique experience. 
Technically, telepresence refers to a set of technologies that allow a person to feel as if they 
are present at a location other than their true location. This generally involves images of life-
size participants with mirrored environments where participants feel as if they are in the 
same physical space. These technologies have facilitated the emergence and rapid growth of 
learning communities whose members interact from remote corners of the globe. When 
telepresence is used in E-learning students are able to personalise their involvement initiate 
learning activities, evaluate their learning and motivate themselves to complete the learning 
process. 

 
4. Theoretical foundations of telepresence teaching 
 

4.1 Information Processing Theory Perspective  
In a classroom setting, perception of environmental stimuli may determine how students 
take in content and understand it. There is no single explanation about how students 
perceive and process information. One of the many explanations can be found in 
information processing theory. Information processing theory has been described by 
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experience in the creation of meaning as they interact with the learning environment. The 
theories also explain how the dynamic capacities for thought, feelings, and actions relate to 
the characteristics of the settings in which the learners are situated. The learners’ 
background, prior knowledge, and experience influence the understanding of content 
(Gagne, 1985). One way of targeting students’ experiences is by threading blue prints for 
specific experiential outcomes through the message design. 
 
Telepresence teaching is one approach that describes message representations in terms of 
the learners experiences. The approach emphasizes how end users of a particular technology 
experience feelings of presence as they use the specific technology. Studies related to 
telepresence have shown that systems such as multimedia, hypermedia, television, and 
videoconferencing have the potential to present messages based on receivers’ experiences in 
a way that course the receiver to feel present in the displayed message (Biocca, 1997; 
Broadbent, 2002; Windelborn, 2002). With a broad bandwidth internet, all the above 
mentioned media can be used to convey telepresence. 

 
2. The concept of telepresence 
 

Telepresence can simply be described as creating presence over distance and time. In a 
study conducted at the University of Botswana, the researcher defined telepresence as a 
simultaneous presence of both the communicator and the communicant created by 
variations in the depth and scope of the message in visuals and interactivity. 
The message’s visuals and interactivity was reported to cause the feelings of presence 
(Losike – Sedimo, 2003, 2006). Other researchers described telepresence as a method of 
telecommunicating, which has an inherent quality of organizing information in the 
receivers’ head in special code systems that creates a twist in the perceived reality (Coyle, 
1997). The stimuli in the mediated communication can be made more powerful or 
persuasive in order to overwhelm the stimuli in the physical environment. Symbols 
representing the message could be arranged in alignment with the receivers’ prior 
knowledge and senses (Kim & Biocca, 1997). In addition, telepresence can be viewed as a 
perceptual process of how the learners perceive the message. The concept of telepresence is 
an important component of experiential learning (Kearsley, 1999; it is in fact manifested in 
most course deliveries without necessarily being called telepresence teaching (Windelborn, 
2002). Most of e-learning activities involving communication tools and visuals as well as 
interactivity involve experiential learning that can be called telepresence teaching and 
learning. 
Telepresence is an important component of understanding how people experience mediated 
communication. Most importantly, it expands the conceptualization of communication in 
virtual reality environments as it relates to the physical environments (Lombard & Ditton, 
1997). Telepresence has also been reported to arouse motivation to learn (Rosenberg, 1994). 
By incorporating the features of telepresence into instructional design, an effective 
communication for different types of learners would be created. The effective 
communication for different types of learners could, in turn, make learning effective. When 
learning is effective, the lesson objectives are likely to be achieved (Smith & Ragan, 1999). 
Hence the use of E- learning design tools to create telepresence teaching would be of great 
benefit to both the teacher and the learner. In addition,. if the teacher wants the learner, to 

see, hear, taste or touch, all sorts objects, or create all sorts of interactions, telepresence 
teaching is the answer. As a concept, such teaching promises to bring a paradigm shift in 
pedagogy (Buxton, 1999). E-learning designers can make lessons more fun and more 
engaging, by creating meaningful experiences through use of telepresence approach in their 
instruction.  

 
3. Individualizing learning with telepresence teaching 
 

Rogers (1969) distinguished two types of learning: (a) cognitive (meaningless), and (b) 
experiential (significant). The former corresponds to academic knowledge such as learning 
vocabulary or multiplication tables, and the latter refers to applied knowledge such as 
learning about engines in order to repair a car. Experiential learning allows the learner to 
discover knowledge, give it meaning, and relevance according to his needs and wants 
telepresence teaching causes this type of experiential learning. This individualises 
instruction according to the learners needs. In telepresence teaching the teacher avails 
resources while the learners take full control of their learning.  Hence telepresence teaching 
facilitate experiential learning by well thought out message designs.The facilitation was 
stated to include (a) setting a positive climate for learning, (b) clarifying the purposes for the 
learners, (c) organizing and making learning resources available, (d) balancing intellectual 
and emotional components of learning, and (e) sharing feelings and thoughts with learners 
without dominating. According to Rogers, learning is facilitated when (a) the student 
participates completely in the learning process and has control over the learning’s nature 
and direction. 
 
Rogers also emphasized the importance of learning to learn and an openness to change. 
Instruction can be designed to follow his views of learning to create individualized 
telepresence teaching. Intrinsic to  such designs would be merits and weaknesses inherent in 
the message design used. Telepresence instructional approach aims at learning which is 
continuous and is grounded in learners’ experiences. The approach advocates special effects 
for a lesson delivery that gives different individuals a true to live unique experience. 
Technically, telepresence refers to a set of technologies that allow a person to feel as if they 
are present at a location other than their true location. This generally involves images of life-
size participants with mirrored environments where participants feel as if they are in the 
same physical space. These technologies have facilitated the emergence and rapid growth of 
learning communities whose members interact from remote corners of the globe. When 
telepresence is used in E-learning students are able to personalise their involvement initiate 
learning activities, evaluate their learning and motivate themselves to complete the learning 
process. 

 
4. Theoretical foundations of telepresence teaching 
 

4.1 Information Processing Theory Perspective  
In a classroom setting, perception of environmental stimuli may determine how students 
take in content and understand it. There is no single explanation about how students 
perceive and process information. One of the many explanations can be found in 
information processing theory. Information processing theory has been described by 
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experience in the creation of meaning as they interact with the learning environment. The 
theories also explain how the dynamic capacities for thought, feelings, and actions relate to 
the characteristics of the settings in which the learners are situated. The learners’ 
background, prior knowledge, and experience influence the understanding of content 
(Gagne, 1985). One way of targeting students’ experiences is by threading blue prints for 
specific experiential outcomes through the message design. 
 
Telepresence teaching is one approach that describes message representations in terms of 
the learners experiences. The approach emphasizes how end users of a particular technology 
experience feelings of presence as they use the specific technology. Studies related to 
telepresence have shown that systems such as multimedia, hypermedia, television, and 
videoconferencing have the potential to present messages based on receivers’ experiences in 
a way that course the receiver to feel present in the displayed message (Biocca, 1997; 
Broadbent, 2002; Windelborn, 2002). With a broad bandwidth internet, all the above 
mentioned media can be used to convey telepresence. 

 
2. The concept of telepresence 
 

Telepresence can simply be described as creating presence over distance and time. In a 
study conducted at the University of Botswana, the researcher defined telepresence as a 
simultaneous presence of both the communicator and the communicant created by 
variations in the depth and scope of the message in visuals and interactivity. 
The message’s visuals and interactivity was reported to cause the feelings of presence 
(Losike – Sedimo, 2003, 2006). Other researchers described telepresence as a method of 
telecommunicating, which has an inherent quality of organizing information in the 
receivers’ head in special code systems that creates a twist in the perceived reality (Coyle, 
1997). The stimuli in the mediated communication can be made more powerful or 
persuasive in order to overwhelm the stimuli in the physical environment. Symbols 
representing the message could be arranged in alignment with the receivers’ prior 
knowledge and senses (Kim & Biocca, 1997). In addition, telepresence can be viewed as a 
perceptual process of how the learners perceive the message. The concept of telepresence is 
an important component of experiential learning (Kearsley, 1999; it is in fact manifested in 
most course deliveries without necessarily being called telepresence teaching (Windelborn, 
2002). Most of e-learning activities involving communication tools and visuals as well as 
interactivity involve experiential learning that can be called telepresence teaching and 
learning. 
Telepresence is an important component of understanding how people experience mediated 
communication. Most importantly, it expands the conceptualization of communication in 
virtual reality environments as it relates to the physical environments (Lombard & Ditton, 
1997). Telepresence has also been reported to arouse motivation to learn (Rosenberg, 1994). 
By incorporating the features of telepresence into instructional design, an effective 
communication for different types of learners would be created. The effective 
communication for different types of learners could, in turn, make learning effective. When 
learning is effective, the lesson objectives are likely to be achieved (Smith & Ragan, 1999). 
Hence the use of E- learning design tools to create telepresence teaching would be of great 
benefit to both the teacher and the learner. In addition,. if the teacher wants the learner, to 

see, hear, taste or touch, all sorts objects, or create all sorts of interactions, telepresence 
teaching is the answer. As a concept, such teaching promises to bring a paradigm shift in 
pedagogy (Buxton, 1999). E-learning designers can make lessons more fun and more 
engaging, by creating meaningful experiences through use of telepresence approach in their 
instruction.  

 
3. Individualizing learning with telepresence teaching 
 

Rogers (1969) distinguished two types of learning: (a) cognitive (meaningless), and (b) 
experiential (significant). The former corresponds to academic knowledge such as learning 
vocabulary or multiplication tables, and the latter refers to applied knowledge such as 
learning about engines in order to repair a car. Experiential learning allows the learner to 
discover knowledge, give it meaning, and relevance according to his needs and wants 
telepresence teaching causes this type of experiential learning. This individualises 
instruction according to the learners needs. In telepresence teaching the teacher avails 
resources while the learners take full control of their learning.  Hence telepresence teaching 
facilitate experiential learning by well thought out message designs.The facilitation was 
stated to include (a) setting a positive climate for learning, (b) clarifying the purposes for the 
learners, (c) organizing and making learning resources available, (d) balancing intellectual 
and emotional components of learning, and (e) sharing feelings and thoughts with learners 
without dominating. According to Rogers, learning is facilitated when (a) the student 
participates completely in the learning process and has control over the learning’s nature 
and direction. 
 
Rogers also emphasized the importance of learning to learn and an openness to change. 
Instruction can be designed to follow his views of learning to create individualized 
telepresence teaching. Intrinsic to  such designs would be merits and weaknesses inherent in 
the message design used. Telepresence instructional approach aims at learning which is 
continuous and is grounded in learners’ experiences. The approach advocates special effects 
for a lesson delivery that gives different individuals a true to live unique experience. 
Technically, telepresence refers to a set of technologies that allow a person to feel as if they 
are present at a location other than their true location. This generally involves images of life-
size participants with mirrored environments where participants feel as if they are in the 
same physical space. These technologies have facilitated the emergence and rapid growth of 
learning communities whose members interact from remote corners of the globe. When 
telepresence is used in E-learning students are able to personalise their involvement initiate 
learning activities, evaluate their learning and motivate themselves to complete the learning 
process. 

 
4. Theoretical foundations of telepresence teaching 
 

4.1 Information Processing Theory Perspective  
In a classroom setting, perception of environmental stimuli may determine how students 
take in content and understand it. There is no single explanation about how students 
perceive and process information. One of the many explanations can be found in 
information processing theory. Information processing theory has been described by 



New	Achievements	in	Technology,	Education	and	Development112

Catalano (1999) as a theory of tracing the progression of information through a system from 
the initial stimuli up to and including the final response. It also has been presented as a 
linear model that metaphorically portrays the learner’s brain as a computer (Atkinson & 
Shiffrin, 1968). The computer metaphor view suggests that the learner takes in information 
through the senses and sends it to the short-term memory. The brain then performs complex 
transformations on the sensory information as if it were a computer. From the short-term 
memory the information is sent to the long-term memory where it is stored. Finally, the 
transformations end by producing data representations or behavior (Samuels, 1998). Such an 
output can be retrieved and exhibited as data whenever needed from the long-term 
memory. If telepresence is to be perceived as a perception process of environmental stimuli, 
then telepresence can be understood from the information processing theory. Where a 
computer or other equipment is used to create a leaner model of learning that produces 
committee representation of images portrayed in the instruction messages, this results in 
learners grasp of the automated perception. 
 
Reeves and Reeves (1997) explained telepresence as a sense of being there, resulting from a 
combination of automated perceptual processes, mindful direction of attention, and the 
conscious act of interpreting the view as real. In other words, technology presents the 
environmental stimuli, which triggers attention, perception, coding and decoding, and the 
consequent complex transactions and cognitive processes that are operational as the 
informed person processes information. Coyle (1997) explained and defined telepresence as 
the mediated perception of an environment which is created by interactivity and vividness. 
The definition also included the perceptions of being there in the mediated world as a 
participant. In general terms, information processing theory purports that people’s 
perceptions of their environment are governed by the information received by their senses; 
the underlying assumptions being that the sensory impressions accurately reflect the nature 
of the environment surrounding them. So, perception of environment is central to the 
process of taking in data and interpreting it; basically, that is what Coyle’s definition is 
expressing. 
Technological advances have made it possible to create different sensory impressions for the 
learner in telepresence teaching. These impressions may either be obtained from a remote 
source or artificially contrived. When sensory impressions are obtained from a remote 
source to create feelings of presence, the method is called telepresence, and when the 
impressions are artificially contrived, the method is called virtual reality (Griffin, 1991). 
Telepresence can, therefore, be perceived as a perceptual event associated with the whole 
activity of information processing in a virtual reality environment. 

 
4.2 Communications Theory Perspective 
As a term in communication, telepresence is used broadly to refer to Tele-operating and 
virtual environments (Draper, 1998). The idea of simultaneous presence of both the sender 
and the receiver of information in the communication process is emphasized. Buxton (1999) 
described telepresence as a social interaction between humans over distance and time, 
mediated by technology. An example of such an interaction could be an e-mail sent from 
professor to student or vice versa. Telepresence has also been defined differently by Steuer 
(1992) as the extent to which one feels present in the mediated environment rather than his 
or her immediate physical environment. For example, students could be watching a video 

about their school football team and be immersed in the virtual environment (which is the 
projected or communicated message) to the extent of feeling like participants in that 
environment. Reeves and Reeves (1997) emphasized human interaction or experience, active 
participation by the receiver, and the strategies or manner in which this interaction takes 
place (conscious act of interpreting the view as real) as key factors of telepresence. In a 
nutshell, telepresence (in terms of the communication theory) refers to reactions of receivers 
as they experience the mediated messages as feelings of presence. In the context of teaching 
it is the reactions of learners to the mediated subject content as feelings of presence. (Losike-
Sedimo 2008). 

 
4.3 Motivation Theory Perspective 
Studies from mediated communication have portrayed virtual reality as a great motivator, 
as in the school team example cited above. Virtual reality causes the viewers to be immersed 
in the screen to the effect of behaving as though they are part of the mediated 
communication (Rosenberg, 1994). Telepresence has been defined as virtual reality with the 
capacity of captivating the viewers’ attention and producing feelings of presence and 
vicarious participation. Interest and motivation are desired learner characteristics for 
instruction. The implementer of instruction wants the student to choose to attend and to 
choose to make the effort and apply himself or herself fully. For example, in a Web 
environment, intrinsic motivation is a must.  
The learners must have the interest and inclination to turn the computer on and pay 
attention to the message stimuli. They have to deal with content in a given physical 
environment that has its own distractions and, above all, there must be an outcome at the 
end of the lesson. In addition to intrinsic motivation, there have to be coding, decoding, 
interpretations, rehearsals, and chunking of information to come up with concepts, output, 
and observed behavior. These are but a few examples of the cognitive processes involved in 
motivation. These cognitive processes of motivation overlap with elements of the 
telepresence approach to teaching. In telepresence, the coding, decoding, interpretations, 
rehearsals, and chunking of information result in the virtual world being perceived as a 
reality. It is this false reality that becomes the motivating force. 

 
5. Features of e - learning that characterizes telepresence teaching  
 

Meltzer, (2007) defined Telepresence as a human or machine system which uses advanced 
communication technologies such as a high speed internet, a high definition video and 
audio with large displays to produce a realistic interactive experience with other users or 
objects in a remote environment. Companies such as WebCT, Blackboard, and Desire2Learn 
have installed products at thousands of universities and colleges in order to facilitate e – 
learning. The new generations of e-learning receivers are motivated by images, speed of 
delivery and variety of activities to be covered in a short time. They enjoy the interactive 
experience which give them meaning, control and relevance to their needs and wants. The 
disinterested students have become the engaged students. This compares fairly with the 
demands/characteristics of experiential learning. 
E – learning clients deals with conversations with messages consisting not just  text but  
images, video, multimedia and whatever they could get their hands on, integrated in a 
course. Design tools used in e – learning such as blogger, plone, and rupal makes 
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Catalano (1999) as a theory of tracing the progression of information through a system from 
the initial stimuli up to and including the final response. It also has been presented as a 
linear model that metaphorically portrays the learner’s brain as a computer (Atkinson & 
Shiffrin, 1968). The computer metaphor view suggests that the learner takes in information 
through the senses and sends it to the short-term memory. The brain then performs complex 
transformations on the sensory information as if it were a computer. From the short-term 
memory the information is sent to the long-term memory where it is stored. Finally, the 
transformations end by producing data representations or behavior (Samuels, 1998). Such an 
output can be retrieved and exhibited as data whenever needed from the long-term 
memory. If telepresence is to be perceived as a perception process of environmental stimuli, 
then telepresence can be understood from the information processing theory. Where a 
computer or other equipment is used to create a leaner model of learning that produces 
committee representation of images portrayed in the instruction messages, this results in 
learners grasp of the automated perception. 
 
Reeves and Reeves (1997) explained telepresence as a sense of being there, resulting from a 
combination of automated perceptual processes, mindful direction of attention, and the 
conscious act of interpreting the view as real. In other words, technology presents the 
environmental stimuli, which triggers attention, perception, coding and decoding, and the 
consequent complex transactions and cognitive processes that are operational as the 
informed person processes information. Coyle (1997) explained and defined telepresence as 
the mediated perception of an environment which is created by interactivity and vividness. 
The definition also included the perceptions of being there in the mediated world as a 
participant. In general terms, information processing theory purports that people’s 
perceptions of their environment are governed by the information received by their senses; 
the underlying assumptions being that the sensory impressions accurately reflect the nature 
of the environment surrounding them. So, perception of environment is central to the 
process of taking in data and interpreting it; basically, that is what Coyle’s definition is 
expressing. 
Technological advances have made it possible to create different sensory impressions for the 
learner in telepresence teaching. These impressions may either be obtained from a remote 
source or artificially contrived. When sensory impressions are obtained from a remote 
source to create feelings of presence, the method is called telepresence, and when the 
impressions are artificially contrived, the method is called virtual reality (Griffin, 1991). 
Telepresence can, therefore, be perceived as a perceptual event associated with the whole 
activity of information processing in a virtual reality environment. 

 
4.2 Communications Theory Perspective 
As a term in communication, telepresence is used broadly to refer to Tele-operating and 
virtual environments (Draper, 1998). The idea of simultaneous presence of both the sender 
and the receiver of information in the communication process is emphasized. Buxton (1999) 
described telepresence as a social interaction between humans over distance and time, 
mediated by technology. An example of such an interaction could be an e-mail sent from 
professor to student or vice versa. Telepresence has also been defined differently by Steuer 
(1992) as the extent to which one feels present in the mediated environment rather than his 
or her immediate physical environment. For example, students could be watching a video 

about their school football team and be immersed in the virtual environment (which is the 
projected or communicated message) to the extent of feeling like participants in that 
environment. Reeves and Reeves (1997) emphasized human interaction or experience, active 
participation by the receiver, and the strategies or manner in which this interaction takes 
place (conscious act of interpreting the view as real) as key factors of telepresence. In a 
nutshell, telepresence (in terms of the communication theory) refers to reactions of receivers 
as they experience the mediated messages as feelings of presence. In the context of teaching 
it is the reactions of learners to the mediated subject content as feelings of presence. (Losike-
Sedimo 2008). 

 
4.3 Motivation Theory Perspective 
Studies from mediated communication have portrayed virtual reality as a great motivator, 
as in the school team example cited above. Virtual reality causes the viewers to be immersed 
in the screen to the effect of behaving as though they are part of the mediated 
communication (Rosenberg, 1994). Telepresence has been defined as virtual reality with the 
capacity of captivating the viewers’ attention and producing feelings of presence and 
vicarious participation. Interest and motivation are desired learner characteristics for 
instruction. The implementer of instruction wants the student to choose to attend and to 
choose to make the effort and apply himself or herself fully. For example, in a Web 
environment, intrinsic motivation is a must.  
The learners must have the interest and inclination to turn the computer on and pay 
attention to the message stimuli. They have to deal with content in a given physical 
environment that has its own distractions and, above all, there must be an outcome at the 
end of the lesson. In addition to intrinsic motivation, there have to be coding, decoding, 
interpretations, rehearsals, and chunking of information to come up with concepts, output, 
and observed behavior. These are but a few examples of the cognitive processes involved in 
motivation. These cognitive processes of motivation overlap with elements of the 
telepresence approach to teaching. In telepresence, the coding, decoding, interpretations, 
rehearsals, and chunking of information result in the virtual world being perceived as a 
reality. It is this false reality that becomes the motivating force. 

 
5. Features of e - learning that characterizes telepresence teaching  
 

Meltzer, (2007) defined Telepresence as a human or machine system which uses advanced 
communication technologies such as a high speed internet, a high definition video and 
audio with large displays to produce a realistic interactive experience with other users or 
objects in a remote environment. Companies such as WebCT, Blackboard, and Desire2Learn 
have installed products at thousands of universities and colleges in order to facilitate e – 
learning. The new generations of e-learning receivers are motivated by images, speed of 
delivery and variety of activities to be covered in a short time. They enjoy the interactive 
experience which give them meaning, control and relevance to their needs and wants. The 
disinterested students have become the engaged students. This compares fairly with the 
demands/characteristics of experiential learning. 
E – learning clients deals with conversations with messages consisting not just  text but  
images, video, multimedia and whatever they could get their hands on, integrated in a 
course. Design tools used in e – learning such as blogger, plone, and rupal makes 



New	Achievements	in	Technology,	Education	and	Development112

Catalano (1999) as a theory of tracing the progression of information through a system from 
the initial stimuli up to and including the final response. It also has been presented as a 
linear model that metaphorically portrays the learner’s brain as a computer (Atkinson & 
Shiffrin, 1968). The computer metaphor view suggests that the learner takes in information 
through the senses and sends it to the short-term memory. The brain then performs complex 
transformations on the sensory information as if it were a computer. From the short-term 
memory the information is sent to the long-term memory where it is stored. Finally, the 
transformations end by producing data representations or behavior (Samuels, 1998). Such an 
output can be retrieved and exhibited as data whenever needed from the long-term 
memory. If telepresence is to be perceived as a perception process of environmental stimuli, 
then telepresence can be understood from the information processing theory. Where a 
computer or other equipment is used to create a leaner model of learning that produces 
committee representation of images portrayed in the instruction messages, this results in 
learners grasp of the automated perception. 
 
Reeves and Reeves (1997) explained telepresence as a sense of being there, resulting from a 
combination of automated perceptual processes, mindful direction of attention, and the 
conscious act of interpreting the view as real. In other words, technology presents the 
environmental stimuli, which triggers attention, perception, coding and decoding, and the 
consequent complex transactions and cognitive processes that are operational as the 
informed person processes information. Coyle (1997) explained and defined telepresence as 
the mediated perception of an environment which is created by interactivity and vividness. 
The definition also included the perceptions of being there in the mediated world as a 
participant. In general terms, information processing theory purports that people’s 
perceptions of their environment are governed by the information received by their senses; 
the underlying assumptions being that the sensory impressions accurately reflect the nature 
of the environment surrounding them. So, perception of environment is central to the 
process of taking in data and interpreting it; basically, that is what Coyle’s definition is 
expressing. 
Technological advances have made it possible to create different sensory impressions for the 
learner in telepresence teaching. These impressions may either be obtained from a remote 
source or artificially contrived. When sensory impressions are obtained from a remote 
source to create feelings of presence, the method is called telepresence, and when the 
impressions are artificially contrived, the method is called virtual reality (Griffin, 1991). 
Telepresence can, therefore, be perceived as a perceptual event associated with the whole 
activity of information processing in a virtual reality environment. 

 
4.2 Communications Theory Perspective 
As a term in communication, telepresence is used broadly to refer to Tele-operating and 
virtual environments (Draper, 1998). The idea of simultaneous presence of both the sender 
and the receiver of information in the communication process is emphasized. Buxton (1999) 
described telepresence as a social interaction between humans over distance and time, 
mediated by technology. An example of such an interaction could be an e-mail sent from 
professor to student or vice versa. Telepresence has also been defined differently by Steuer 
(1992) as the extent to which one feels present in the mediated environment rather than his 
or her immediate physical environment. For example, students could be watching a video 

about their school football team and be immersed in the virtual environment (which is the 
projected or communicated message) to the extent of feeling like participants in that 
environment. Reeves and Reeves (1997) emphasized human interaction or experience, active 
participation by the receiver, and the strategies or manner in which this interaction takes 
place (conscious act of interpreting the view as real) as key factors of telepresence. In a 
nutshell, telepresence (in terms of the communication theory) refers to reactions of receivers 
as they experience the mediated messages as feelings of presence. In the context of teaching 
it is the reactions of learners to the mediated subject content as feelings of presence. (Losike-
Sedimo 2008). 

 
4.3 Motivation Theory Perspective 
Studies from mediated communication have portrayed virtual reality as a great motivator, 
as in the school team example cited above. Virtual reality causes the viewers to be immersed 
in the screen to the effect of behaving as though they are part of the mediated 
communication (Rosenberg, 1994). Telepresence has been defined as virtual reality with the 
capacity of captivating the viewers’ attention and producing feelings of presence and 
vicarious participation. Interest and motivation are desired learner characteristics for 
instruction. The implementer of instruction wants the student to choose to attend and to 
choose to make the effort and apply himself or herself fully. For example, in a Web 
environment, intrinsic motivation is a must.  
The learners must have the interest and inclination to turn the computer on and pay 
attention to the message stimuli. They have to deal with content in a given physical 
environment that has its own distractions and, above all, there must be an outcome at the 
end of the lesson. In addition to intrinsic motivation, there have to be coding, decoding, 
interpretations, rehearsals, and chunking of information to come up with concepts, output, 
and observed behavior. These are but a few examples of the cognitive processes involved in 
motivation. These cognitive processes of motivation overlap with elements of the 
telepresence approach to teaching. In telepresence, the coding, decoding, interpretations, 
rehearsals, and chunking of information result in the virtual world being perceived as a 
reality. It is this false reality that becomes the motivating force. 

 
5. Features of e - learning that characterizes telepresence teaching  
 

Meltzer, (2007) defined Telepresence as a human or machine system which uses advanced 
communication technologies such as a high speed internet, a high definition video and 
audio with large displays to produce a realistic interactive experience with other users or 
objects in a remote environment. Companies such as WebCT, Blackboard, and Desire2Learn 
have installed products at thousands of universities and colleges in order to facilitate e – 
learning. The new generations of e-learning receivers are motivated by images, speed of 
delivery and variety of activities to be covered in a short time. They enjoy the interactive 
experience which give them meaning, control and relevance to their needs and wants. The 
disinterested students have become the engaged students. This compares fairly with the 
demands/characteristics of experiential learning. 
E – learning clients deals with conversations with messages consisting not just  text but  
images, video, multimedia and whatever they could get their hands on, integrated in a 
course. Design tools used in e – learning such as blogger, plone, and rupal makes 

Telepresence	Teaching:	Implementation	Issues	in		
Universities	and	other	Institutes	of	Higher	Learning 113

Catalano (1999) as a theory of tracing the progression of information through a system from 
the initial stimuli up to and including the final response. It also has been presented as a 
linear model that metaphorically portrays the learner’s brain as a computer (Atkinson & 
Shiffrin, 1968). The computer metaphor view suggests that the learner takes in information 
through the senses and sends it to the short-term memory. The brain then performs complex 
transformations on the sensory information as if it were a computer. From the short-term 
memory the information is sent to the long-term memory where it is stored. Finally, the 
transformations end by producing data representations or behavior (Samuels, 1998). Such an 
output can be retrieved and exhibited as data whenever needed from the long-term 
memory. If telepresence is to be perceived as a perception process of environmental stimuli, 
then telepresence can be understood from the information processing theory. Where a 
computer or other equipment is used to create a leaner model of learning that produces 
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participant. In general terms, information processing theory purports that people’s 
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process of taking in data and interpreting it; basically, that is what Coyle’s definition is 
expressing. 
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source to create feelings of presence, the method is called telepresence, and when the 
impressions are artificially contrived, the method is called virtual reality (Griffin, 1991). 
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as they experience the mediated messages as feelings of presence. In the context of teaching 
it is the reactions of learners to the mediated subject content as feelings of presence. (Losike-
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have installed products at thousands of universities and colleges in order to facilitate e – 
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delivery and variety of activities to be covered in a short time. They enjoy the interactive 
experience which give them meaning, control and relevance to their needs and wants. The 
disinterested students have become the engaged students. This compares fairly with the 
demands/characteristics of experiential learning. 
E – learning clients deals with conversations with messages consisting not just  text but  
images, video, multimedia and whatever they could get their hands on, integrated in a 
course. Design tools used in e – learning such as blogger, plone, and rupal makes 
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telepresence course creation incredibly easy. Moreover, using a collaborative writing tool 
like wiki, audio recording tool like Audacity, and pod casting make e-learning home pages 
phenomenal. Some educators have started broadcasting lessons on-line (World commerce 
review, 2009). The broadcasting of lessons is popular with the faculty of engineering in the 
University of Botswana because of the many simulations involved.  
A more interesting development is that e-learning application has become very much like a 
telepresence teaching activity. Where one node in a web of content, connected to other 
nodes creates services used by many students. It becomes, not an institutional or corporate 
application, but a personal learning center, where content is reused and remixed according 
to the student's own needs and interests. It becomes, not a single application, but a collection 
of interoperating applications in an environment rather than a system. Such collections of 
interoperating application in an environment are characteristics of telepresence creating 
equipment (Telepresence world, 2009) 

 
6. Current telepresence technologies and example of use 
 

6.1 Polycom interactive equipment  
Meltzer’s (2007) definition of telepresens as a machine system can be applied to the current 
telepresence technologies. Many universities and corporations use such technologies with 
much success. Just to mention a few, Manhattan School of music as stated in their website, 
has a telepresence project that uses polycom interactive equipment. According to their 
report. MSM telepresence project started in 1996. Since then Manhattan School of Music 
(MSM) telepresence project suits this definition. It uses polycom interactive equipment. 
According to the story, (MSM) reported to have launched the first program to use visual 
communication for music performance education in 1996. Since then, some 1,700 students 
throughout the world engage annually with MSM to take advantage of master classes, 
workshops, clinics and one-on-one lessons in classical music, jazz, opera, musical theater 
and orchestral training. University described the use od of Polycom HD visual 
communication solutions (PolycomHDX800 ANDHDX 900, VSX800) as to connect world-
renowned instructors and professional musicians with students who otherwise might never 
have access to top-flight performance talent. (Robert Sirota, 2009) 
"Our use of visual communication has changed the way we do music instruction at this 
school in a very profound way," said Robert Sirota, the distinguished American composer, 
conductor and president of MSM.  
Another lesson on telepresence projects can be learned from  examples from University of 
Botswana, George town university and a corporation in the United States Polycom 
Telepresence helped Georgetown University create global classroom. By providing 
symmetrical telepresence class rooms in Washington, DC, and Doha, Qatar campuses that 
feature high definition video, voice and content-sharing capabilities, students separated by 
more than 7,000 miles of ocean and land are able to interact and collaborate with each other 
and faculty as if they were in the same room. (Telepresence world, 2008). At the university 
of Botswana students in Educational psychology classes, sports psychology, and guidance 
counseling have received instruction from experts in United States of America using the 
polycom video conferencing system. Other parts of Africa such as central eastern, and 
southern Africa have running telepresence centers sponsored by UNECO, to cater for 
specific individuals and vulnerable groups. 

7. 0 and Interactive HD Telepresence Equipment 
 

Telris telepresence solutions are the world’s most natural, immersive virtual meeting 
environments combining an intimate experience with innovative collaborative tools that 
allow one to feel and act like he or she is in the same room whether across the city or the 
globe. A product by Telris, VirtuaLive modular was used to facilitate communication 
between Chipmaker Qualcomm headquarters in San Diego and its research facilities located 
in Campbell California and Bridgewater in New Jersey (World commerce review, 2009; 
telepresence world, 2008) 
Many research case studies from Europe, Asia and Africa illustrate with case studies how 
telepresence teaching have been used to individualize learning and promote concept 
formation or knowledge accessibility and motivation. 

 
8. Implementation issues and sustainable development 
 

Implementation issues relate to sustainable development. The cost of telepresence 
equipment, maintenance schedule training personnel and keeping them up to date, have a 
bearing on whether a university can sustain the telepresence projects or programs. In 
developing countries this is complicated by the resistance to the use of technology by faculty 
members. So an implementer has to deal with both economic and human factors. The 
conventional definition of sustainable development is derived from the 1987 Bruntland 
Report to UNESCO. This report states that sustainable development is a process which 
meets the needs of the present without compromising the ability of future generations to 
meet their own needs” Education and technology are seen as drivers of development.  
(Higgit, Haigh and Chalkley, 2005) 

 
9. Technology, education and development 
 

Technology has always been in the centre of the development process. Since the 1950s 
governments have focused development policies on development geared to foster national 
independence and self reliance through a process of sustainable economic growth. And 
development was perceived in stages. The  stage of high mass consumption indicated or 
was deemed a highest form of development. Mass communication was seen as playing an 
instrumental role in economic and social development within this framework. Television in 
particular was seen as offering the potential to inform, persuade and educate and thereby 
facilitate development (Dordick and Wing, 1993). Developing countries were to be 
encouraged to invest in communication infrastructure and extend mass media with the aim 
of altering people’s expectations and to reorientate them towards entrepreneurism which 
would benefit economic development. Since then technology has been a major tool for 
development. As history has shown, this view of technology essentially subscribed to the 
thinking that technology was to provide a quick fix for complex societal problems including 
education ones. On the other hand, development is to be conceived as a multidimensional 
process involving major changes in social structures, popular attitudes, national institutions, 
as well as the acceleration of economic growth, the reduction of inequality and the 
eradication of absolute poverty (Todaro, 1989). If this kind of development is to be achieved 
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Another lesson on telepresence projects can be learned from  examples from University of 
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telepresence course creation incredibly easy. Moreover, using a collaborative writing tool 
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(MSM) telepresence project suits this definition. It uses polycom interactive equipment. 
According to the story, (MSM) reported to have launched the first program to use visual 
communication for music performance education in 1996. Since then, some 1,700 students 
throughout the world engage annually with MSM to take advantage of master classes, 
workshops, clinics and one-on-one lessons in classical music, jazz, opera, musical theater 
and orchestral training. University described the use od of Polycom HD visual 
communication solutions (PolycomHDX800 ANDHDX 900, VSX800) as to connect world-
renowned instructors and professional musicians with students who otherwise might never 
have access to top-flight performance talent. (Robert Sirota, 2009) 
"Our use of visual communication has changed the way we do music instruction at this 
school in a very profound way," said Robert Sirota, the distinguished American composer, 
conductor and president of MSM.  
Another lesson on telepresence projects can be learned from  examples from University of 
Botswana, George town university and a corporation in the United States Polycom 
Telepresence helped Georgetown University create global classroom. By providing 
symmetrical telepresence class rooms in Washington, DC, and Doha, Qatar campuses that 
feature high definition video, voice and content-sharing capabilities, students separated by 
more than 7,000 miles of ocean and land are able to interact and collaborate with each other 
and faculty as if they were in the same room. (Telepresence world, 2008). At the university 
of Botswana students in Educational psychology classes, sports psychology, and guidance 
counseling have received instruction from experts in United States of America using the 
polycom video conferencing system. Other parts of Africa such as central eastern, and 
southern Africa have running telepresence centers sponsored by UNECO, to cater for 
specific individuals and vulnerable groups. 

7. 0 and Interactive HD Telepresence Equipment 
 

Telris telepresence solutions are the world’s most natural, immersive virtual meeting 
environments combining an intimate experience with innovative collaborative tools that 
allow one to feel and act like he or she is in the same room whether across the city or the 
globe. A product by Telris, VirtuaLive modular was used to facilitate communication 
between Chipmaker Qualcomm headquarters in San Diego and its research facilities located 
in Campbell California and Bridgewater in New Jersey (World commerce review, 2009; 
telepresence world, 2008) 
Many research case studies from Europe, Asia and Africa illustrate with case studies how 
telepresence teaching have been used to individualize learning and promote concept 
formation or knowledge accessibility and motivation. 

 
8. Implementation issues and sustainable development 
 

Implementation issues relate to sustainable development. The cost of telepresence 
equipment, maintenance schedule training personnel and keeping them up to date, have a 
bearing on whether a university can sustain the telepresence projects or programs. In 
developing countries this is complicated by the resistance to the use of technology by faculty 
members. So an implementer has to deal with both economic and human factors. The 
conventional definition of sustainable development is derived from the 1987 Bruntland 
Report to UNESCO. This report states that sustainable development is a process which 
meets the needs of the present without compromising the ability of future generations to 
meet their own needs” Education and technology are seen as drivers of development.  
(Higgit, Haigh and Chalkley, 2005) 

 
9. Technology, education and development 
 

Technology has always been in the centre of the development process. Since the 1950s 
governments have focused development policies on development geared to foster national 
independence and self reliance through a process of sustainable economic growth. And 
development was perceived in stages. The  stage of high mass consumption indicated or 
was deemed a highest form of development. Mass communication was seen as playing an 
instrumental role in economic and social development within this framework. Television in 
particular was seen as offering the potential to inform, persuade and educate and thereby 
facilitate development (Dordick and Wing, 1993). Developing countries were to be 
encouraged to invest in communication infrastructure and extend mass media with the aim 
of altering people’s expectations and to reorientate them towards entrepreneurism which 
would benefit economic development. Since then technology has been a major tool for 
development. As history has shown, this view of technology essentially subscribed to the 
thinking that technology was to provide a quick fix for complex societal problems including 
education ones. On the other hand, development is to be conceived as a multidimensional 
process involving major changes in social structures, popular attitudes, national institutions, 
as well as the acceleration of economic growth, the reduction of inequality and the 
eradication of absolute poverty (Todaro, 1989). If this kind of development is to be achieved 
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with technology and Education driving it, the national budget must allocate very high 
percentages of funds for Education and Technology.  
 
The reality is that educational technology suffers from lack of funds, to buy state of the art 
equipment and maintain it. At the University of Botswana where I work, the current 
equipment for the smart classroom and telecommunication were purchased in 2002. There is 
no money to update or carry out regular maintenance works. In a way the university has 
never positioned itself for the sustainable development of educational technology. 
Sustainability of telepresence teaching and Education for Development will be very hard to 
Achieve. Telepresence teaching is a good method of motivating students and promoting 
easy conceptualization. But money constraints restrict its practice. The instruction design of 
this kind of teaching must be knowledgeable, motivated and creative. For him or her to keep 
abreast with new developments in technology, he or she must be constantly upgraded 
through comprehensive training. But because of financial constraints, this is not happening. 
In my environment there is a significant number of faculties who resist technology. The 
telepresence equipment is also old and needs updating, this makes sustainability in this case 
a dream that may never be realised. 

 
10. Study questions: 
 

1. What is telepresence teaching? How can it benefit both learners and teachers? 
2. Discuss issues of implementing telepresence teaching in poor or developing counties. 
3. Illustrate with an example how you would shop for telepresence equipment and explain 
your choice. 
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with technology and Education driving it, the national budget must allocate very high 
percentages of funds for Education and Technology.  
 
The reality is that educational technology suffers from lack of funds, to buy state of the art 
equipment and maintain it. At the University of Botswana where I work, the current 
equipment for the smart classroom and telecommunication were purchased in 2002. There is 
no money to update or carry out regular maintenance works. In a way the university has 
never positioned itself for the sustainable development of educational technology. 
Sustainability of telepresence teaching and Education for Development will be very hard to 
Achieve. Telepresence teaching is a good method of motivating students and promoting 
easy conceptualization. But money constraints restrict its practice. The instruction design of 
this kind of teaching must be knowledgeable, motivated and creative. For him or her to keep 
abreast with new developments in technology, he or she must be constantly upgraded 
through comprehensive training. But because of financial constraints, this is not happening. 
In my environment there is a significant number of faculties who resist technology. The 
telepresence equipment is also old and needs updating, this makes sustainability in this case 
a dream that may never be realised. 

 
10. Study questions: 
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2. Discuss issues of implementing telepresence teaching in poor or developing counties. 
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with technology and Education driving it, the national budget must allocate very high 
percentages of funds for Education and Technology.  
 
The reality is that educational technology suffers from lack of funds, to buy state of the art 
equipment and maintain it. At the University of Botswana where I work, the current 
equipment for the smart classroom and telecommunication were purchased in 2002. There is 
no money to update or carry out regular maintenance works. In a way the university has 
never positioned itself for the sustainable development of educational technology. 
Sustainability of telepresence teaching and Education for Development will be very hard to 
Achieve. Telepresence teaching is a good method of motivating students and promoting 
easy conceptualization. But money constraints restrict its practice. The instruction design of 
this kind of teaching must be knowledgeable, motivated and creative. For him or her to keep 
abreast with new developments in technology, he or she must be constantly upgraded 
through comprehensive training. But because of financial constraints, this is not happening. 
In my environment there is a significant number of faculties who resist technology. The 
telepresence equipment is also old and needs updating, this makes sustainability in this case 
a dream that may never be realised. 

 
10. Study questions: 
 

1. What is telepresence teaching? How can it benefit both learners and teachers? 
2. Discuss issues of implementing telepresence teaching in poor or developing counties. 
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equipment for the smart classroom and telecommunication were purchased in 2002. There is 
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Achieve. Telepresence teaching is a good method of motivating students and promoting 
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abreast with new developments in technology, he or she must be constantly upgraded 
through comprehensive training. But because of financial constraints, this is not happening. 
In my environment there is a significant number of faculties who resist technology. The 
telepresence equipment is also old and needs updating, this makes sustainability in this case 
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Abstract 
Part visualization is a fundamental skill in engineering. It comprises the reading, 
interpretation and creation of industrial technical drawings, understanding the different 
views (multi-view) of an object/piece represented in any technical drawing. 
The ability to mentally visualize and manipulate objects and situations is an essential need 
in many jobs and careers. It is estimated that at least 84 majors consider visualization a 
fundamental need, and in technical jobs, many of them related to the different types of 
engineering, the ability to visualize has a crucial importance. 
Educators have often pointed out the difficulties of most students in graphic courses when 
trying to visualize an object using multi-view drawings. This is mainly due to the 
inexistence of a systematic process to analyze complex forms. 
A thorough review of the literature in technical drawing textbooks has not been successful 
in finding a clear, concise, and properly developed method of solving visualization 
problems by means of procedural contents. 
In collaboration with several experts and for the first time, a problem solving model for 
visualization has been designed and developed for all kind of industrial objects 
(Methodology for Part Visualization Problem Solving) within a constructivist didactic 
framework. This Problem Solving model is the key to all technical knowledge and is an 
application of the scientific method. 
In order to solve visualization problems in any kind of industrial object, comprehension 
indicators have been defined and a Teaching Unit has been developed with the help of 
dynamic images (power point and CAD files) as well as physical models. They may be 
applied by drawing up a programme of specific tasks which takes into account the 
theoretical contents and procedures involved in part visualization as well as the students' 
main difficulties and deficiencies when faced with this kind of problem. 
This teaching strategy has been applied over the last two years in the first year of Industrial 
Engineering at the Department of Engineering in Bilbao at the University of the Basque 
Country with good results. 

8



New	Achievements	in	Technology,	Education	and	Development118

Kulik, C. C., & Kulik, J. A. (1987).  Review of recent research literature on computer-based 
instruction. Contemporary Educational Psychology, 15, 325-345. 

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. New 
York: Cambridge University Press. 

Ley, K. C. (2002). Trends and issues in instructional design and technology. Educational 
Technology, Research and Development, 50(4), 67-71. 

Lombard, M., & Ditton, T. (1997). At the heart of it all: The concept of presence. Journal of 
Computer Mediated-Communication, 3(2). teachers in staff development programs: 
Effects on computer attitudes and perceptions of the usefulness of computers. 
AEDS Journal, 20, 302-311. 

Losike-Sedimo, N.C. (2008). E- learning: A challenge for sustainability in developing 
countries: The case of the University of Botswana. (Conference proceedings 
CD)Available: http://www.iated.org/inted2008/conferenceproceedingsINTED 
2008.pdf 

Losike-Sedimo, N.C. (2007). Bringing teaching to life: using multimedia to  engage and 
empower students. Proceedings of the 2006 Educational Conference at University 
of Khon Kaen – Non Kon Campus-Thailand. Available: http://www.chs.ecu. 
edu.au/ org/int_comm/edu-com/2006/proceedings/ 

Meltzer, A. (2007). Telepresence World 2007: A Brief Review of a Landmark Conference. 
Available:Teleprecence world.net/articles 

Piaget, J. (1963). The origins of intelligence in children (2nd ed.). New York: Norton. 
Conference on Multimedia and Hypermedia, Boston, 96, 118-123. 

Reed, R. (2003). Streaming technology improves student achievement. T.H.E. Journal, 30(5), 
40-43. 

Reeves, T. C., & Reeves, P. M. (1997). Effective dimensions of interactive learning on the 
World Wide Web. In B. H. Khan (Ed.), Web-based instruction (pp. 59-66). 
Englewood Cliffs, NJ: Educational Technology. 

Reiser, R. A., & Dempsey, J. V. (2002). Trends and issues in instructional design and 
technology. Upper Saddle River, NJ: Prentice Hall. 

Rogers, C. R. (1969). Freedom to learn: A view of what education might become. Columbus, 
OH: Merrill. 

Rosenberg, L. B. (1994). Virtual fixtures: Perceptual overlays enhance operator performance 
in telepresence tasks. Unpublished doctoral dissertation, Stanford University, CA. 
Journal of Research on Computing in Education, 33, 400-412. 

Ross, J. L., & Schulz, R. A. (1999). Can computer-aided instruction accommodate all learners 
equally? British Journal of Educational Technology, 30(1), 5-24. 

Sirota,R.(2009). Manhattan School of music, telepresence project. Available: 
http://www.msmnyc.edu/ jazz/ 

Steuer, J. (1992). Defining virtual reality: Dimensions determining telepresence. Journal of 
Computer-Mediated Communication, 42(4), 7. 

Steuer, J. (1995). Defining virtual reality: Dimensions determining telepresence. In M. Biocca 
& M. Levy (Eds.), Communication in the age of virtual reality (pp. 33-56). Hillsdale, 
NJ: Lawrence Erlbaum. Telepresence World (2008) 

Windelborn, A. F. (2002). Telepresence teaching. The Physics Teacher, 38(11), 16-17. World 
commerce Review (2009) 

Methodology	for	Part	Visualization	Problem	Solving	-	the	Importance	of	the	Process	- 119

Methodology	for	Part	Visualization	Problem	Solving	-	the	Importance	of	
the	Process	-

E.	Sierra	Uria	and	M.	Garmendia	Mugika

X 
 

Methodology for Part  
Visualization Problem Solving  

- the Importance of the Process - 
 

E. Sierra Uria1 and M. Garmendia Mugika2 

1Faculty of engineering of Bilbao, The University of the Basque Country, Bilbao, Basque 
Country, egoitz.sierra@ehu.es; 

2University School Technical of San Sebastián, The University of the Basque Country, San 
Sebastián, Basque Country, mikel.garmendia@ehu.es 

 
Abstract 
Part visualization is a fundamental skill in engineering. It comprises the reading, 
interpretation and creation of industrial technical drawings, understanding the different 
views (multi-view) of an object/piece represented in any technical drawing. 
The ability to mentally visualize and manipulate objects and situations is an essential need 
in many jobs and careers. It is estimated that at least 84 majors consider visualization a 
fundamental need, and in technical jobs, many of them related to the different types of 
engineering, the ability to visualize has a crucial importance. 
Educators have often pointed out the difficulties of most students in graphic courses when 
trying to visualize an object using multi-view drawings. This is mainly due to the 
inexistence of a systematic process to analyze complex forms. 
A thorough review of the literature in technical drawing textbooks has not been successful 
in finding a clear, concise, and properly developed method of solving visualization 
problems by means of procedural contents. 
In collaboration with several experts and for the first time, a problem solving model for 
visualization has been designed and developed for all kind of industrial objects 
(Methodology for Part Visualization Problem Solving) within a constructivist didactic 
framework. This Problem Solving model is the key to all technical knowledge and is an 
application of the scientific method. 
In order to solve visualization problems in any kind of industrial object, comprehension 
indicators have been defined and a Teaching Unit has been developed with the help of 
dynamic images (power point and CAD files) as well as physical models. They may be 
applied by drawing up a programme of specific tasks which takes into account the 
theoretical contents and procedures involved in part visualization as well as the students' 
main difficulties and deficiencies when faced with this kind of problem. 
This teaching strategy has been applied over the last two years in the first year of Industrial 
Engineering at the Department of Engineering in Bilbao at the University of the Basque 
Country with good results. 

8



New	Achievements	in	Technology,	Education	and	Development120

Topics covered by the book include, but are not limited to: 
Research and Innovation in Education  
Curriculum Design and Innovation 
 
Keywords: part visualization, teaching strategy, problem solving model, constructivism 

 
1. Reasons for this Teaching Strategy? 
 

There are three main reasons supporting this new teaching strategy: 
First, in the different subjects studied by future Engineers, some difficulties can be observed 
in the visualization of parts and the development of spatial capacities (Sierra Uria, Egoitz, 
2005) [1]. Second, the ability to mentally visualize and manipulate objects and situations 
constitutes an essential need in many engineering-related jobs. It is estimated that 
nowadays, at least 84 majors consider spatial visualization a fundamental need (Smith, 1964) 
and in some technical jobs, the ability to visualize has acquired an outstanding importance 
(Maier, 1994)[2]. 
And third, the need for this new strategy arises from the educator's need to analyze and 
continuously assess their own ways of teaching in order to become more effective educators 
(Fernando Hernandez, 1992) [3]. 

 
2. Didactic Framework 
 

There is a need to analyze the specific difficulties arising from the learning of visualization. 
Educators have often pointed out the difficulties shown by most students in graphic courses 
when trying to visualize an object using multi-view drawings. These difficulties are mainly 
due to the inexistence of a systematic process to analyze complex forms (Luzzader and Duff 
1986) [4]. 
The didactic strategy followed in most classrooms seems to be one of the main reasons for 
these difficulties. This didactic strategy consists in a visualization of the problems followed 
by the solutions to those problems, without providing students with a clear explanation on 
how to solve them; this is, the necessary reasoning during the problem-solving process 
(Garmendia, 2004) [5]. Students themselves confirm this lack of a problem-solving strategy. 
Instead, they use the trial-and-error strategy, or they simply rely on intuition. 
Didactic research in problem-solving states that when students reason, different aspects of 
inter-related knowledge are put to work. A set of general abilities is used and applied to the 
different aspects of a subject, thus creating particular ways of reasoning in that subject. This 
proves that in teaching, besides the theoretical and conceptual knowledge, other contents 
such as procedural knowledge must be taken into consideration (Guisasola et al. 2003) [6]. 
Certain aspects must be defined when planning the teaching of specific contents and 
deciding on the design of the learning process through a program of activities. The intended 
objectives and the contents are among these aspects that ought to be defined, keeping 
always in mind the possible difficulties that may arise from the assimilation of the contents 
by the students. But at the same time, it is necessary to define the strategy that will be 
followed to achieve a meaningful learning, defining a logical sequence of activities 
specifically designed for the learning process, as well as the type of assessment that will be 
used to guide the students and help them improve in their learning. We also come across 

students who have not developed enough spatial capacity and therefore, they have serious 
difficulties in understanding and manipulating the parts in space (Navarro,2004) [7]. 
Mathewson (1999) [8] affirms that educators often forget the importance of the spatial- 
visualization factor in learning. A review of most text books in this subject shows that little 
has been done to improve and develop the students' spatial capacity. Engineering textbooks 
often present orthogonal views, static concepts, theories and ideas with little or no 
explanation, all of this together with a lack of interpretation of spatial data. It is assumed 
that the student will be able to overcome the mental challenge and assemble the spatial 
puzzle. 
According to Potter (2003) [9] students with a deficient development of spatial capacity need 
to learn by using static, dynamic and transformational images, as well as the way to 
combine them in problem solving. Spatial perception can be developed in many ways. For 
instance, by practicing the modelling and freehand drawing of objects, representing objects 
in 3D models, manipulating objects in 3D in order to recreate their representations 
dimensionally, and finally, by experimenting and working with different perspectives or 
views of the represented part or object both on the blueprint and in the computer image. 
 

 
Fig. 1. Bertoline 2003 [10] 
 
On the other hand, a thorough review of the literature in technical drawing textbooks has 
not been successful in finding a clear, concise, and fully developed method to solve 
visualization problems using procedural contents. (Sierra Uria, Egoitz, 2005) [1] 

 
2.1 Didactic Framework 
This Visualization Didactic Unit, together with the programme of task based on the new 
Methodology for Part Visualization Problem Solving has been developed under a 
constructivist view and within the European Higher Education Framework. The highlights 
of this framework are the following: 

• The student builds up his knowledge 
• The new knowledge has to be significant to the student 
• The student's previous knowledge must be taken into account 
• The teacher must guide students in their learning process 
• In the learning process, some "cognitive conflicts" are bound to arise 
• The learning process will promote "zone of proximal development" [11] between 

the students 
• The student's work is measured by the ECTS (European Credit Transfer System) 
• The students will know at all times the result of their effort and their progress in 

the learning process, as well as the reward corresponding to their effort 
(evaluation) 

• The student holds the main responsibility for his own learning 
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Fig. 1. Bertoline 2003 [10] 
 
On the other hand, a thorough review of the literature in technical drawing textbooks has 
not been successful in finding a clear, concise, and fully developed method to solve 
visualization problems using procedural contents. (Sierra Uria, Egoitz, 2005) [1] 
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This Visualization Didactic Unit, together with the programme of task based on the new 
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of this framework are the following: 
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2.2 Used Tools 
Nowadays, ICT (Information and Communication Technology) offers a variety of 
complementary tools that are very helpful in the teaching/learning of every subject, 
including the visualization of parts. The tools used in this Visualization Didactic Unit are the 
following: 

 
2.2.1 Slide animation 
By using a computer (PC) with a screen output connected to a projector we can easily 
modify slides and go up and down in the solving process. These slides can also have 
attached photos and other documents such as videos and CAD models. 
 

, )
-Dibujar prisma (simetr�a)
-Dibujar plano de corte
-Dibujar paredes
-Dibujar elementos caracter�sticos
-Comprobar

  

Steps: 
- Analyzing types of cutting views/views (identifying cutting planes). 
- Analyzing types of pieces (prisms, symmetry, elements) 
- Prism drawing (symmetry) 
- Drawing the cutting view plane 
- Drawing walls 
- Drawing characteristic elements 
- Check-up

 
Fig. 2. Slide 6 of 7 from the solving process 

 
2.2.2 Virtual models (CAD) 
Virtual models created by computers with a CAD program can be easily rotated and 
sectioned in any moment depending on the teacher's or student's needs. We can move from 
a perspective to multi-views or vice versa quickly. In this way, the difficulties arising from 
the understanding of the relationship between the spatial reality of a part and its 
representation on the technical drawing are minimized. 
 

 
 

Fig. 3. CAD virtual model 

2.2.3 Physical models (CAD) 
According to a number of authors, in order to increase the spatial capacity of students it is 
necessary to work in space with 3D models which can be turned, moved, and worked on 
mentally, for example, by obtaining their projections (Devon et al. 1994). [12] 
Following Bertoline et al. (1995) [13], another way of improving the students' ability when 
visualizing an object or a 3D scene is to make their experience as realistic as possible. 
 

  
Fig. 4. Physical models 
 
Therefore, real physical models have been used. Some of them are made of cardboard but 
most of them are made with rapid prototyping machinery in the Product Design Laboratory 
in Bilbao (www.ehu.es/PDL/) at the Department of Graphic Design and Engineering 
Projects, University of the Basque Country. 

 
3. Methodology for Part Visualization Problem Solving, Comprehension 
Indicators and Activity Program 
 

This newly developed Methodology for Part Visualization Problem Solving is mainly based 
on three sources: 

• The analysis of the students' difficulties when faced with Visualization problems 
• The analysis of the experts' solutions to Visualization problems 
• The analysis of textbooks and published research papers in the area of Engineering 

Graphics and Engineering Education 
In this new Methodology [14] the Problem Solving model has become the key to articulate 
all the necessary knowledge for the the solving of this kind of problems. The Problem 
Solving model, which is an application of the scientific method, constitutes the basis of all 
technical knowledge. 
When faced with a Visualization Problem, the data (multi-views) must first be analyzed 
and, according to these analyzed data, a strategy must be decided on. The problem can be 
solved element by element (sub-problems), by drawing a sketch and checking its 
concordance with the data. In an iterative process, all the elements of the object must be 
solved. Once the whole object is obtained, new views/cutting views can be created using 
the same method (analyzing the new viewpoint / cut viewpoint and then, solving element 
by element). 
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Fig. 5. Scientific method and Problem Solving Model 

 
3.1 Comprehension indicators 
In order to solve the visualization problems in any kind of industrial object, the following 
comprehension indicators must be mastered. The first eight indicators basically correspond 
to conceptual knowledge and the last two indicators, while containing conceptual skills, 
correspond essentially to procedural knowledge. 

 
3.1.1 Fundamentals of representation systems 
These fundamentals consist of a sound knowledge of the basics of the main representation 
system of the orthogonal cylindrical projection (multi-view), including standardization, and 
how projections are created (from 3D to 2D) as well as the reason for visible and hidden 
lines. 
Another important aspect is achieving a sound knowledge of the basics and main features of 
the axonometric perspective and oblique projections (3D). 
To visualize the piece in space (3D) it is necessary to proceed in reverse to what has been 
done to create the views (2D). There should be a good knowledge of the relationship 
between the systems of representation. 
 

 
Fig. 6. Fundaments of multiview representation [18]  

 
3.1.2 Conditions or rules of correspondence (6 rules) 
The rules derived from the type of projection (parallel projection/cylindrical and 
orthogonal) must be mastered. This is: 

1. The projections of a point will be aligned in the different views. 
2. The dimension between two points (x, y, z) will be the same for different views 

3. Parallel lines in the different views will remain always parallel. 
4. The form of flat surfaces remains equal in the different views unless it is seen as a 

line. In this case, the surface (plane) is parallel to the visual 
5. Two contiguous areas separated by a line cannot be on the same plane 
6. The dimension of a feature is in a true scale when it is perpendicular to the visual 

projection. When it is not perpendicular, it will be smaller than true scale. 
 

 
Fig. 7. The form of flat surfaces remains equal but the dimensions are not in true scale unless 
the feature is parallel to the projection plane 

 
3.1.3 Types of planes and characteristics of its projections 
There must be a sound knowledge of the different types of planes (3D) according to their 
relationship with the projection (parallel, project planner and oblique) as well as of the 
characteristics of their projections (2D). 

 
3.1.4 Types of solid primitives and characteristics of its projections 
It is necessary to be very well acquainted with the various geometric main elements (3D) 
and the characteristics of their projections (2D) both when they are solids or surfaces (prism, 
cube, cylinder, cone, sphere, geometries of revolution). 
 

 
Fig. 8. Oblique plane Fig. 9. Cylinder Fig. 10. Sphere 

 
3.1.5 Tangency and intersection between surfaces 
This means mastering the tangency between surfaces (3D) and their representation (2D) 
(lines of contact, finite line) as well as the various intersections between surfaces (3D) and 
their representation in the most basic areas (plane, cylinder, cone, sphere) 
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Tangent surfaces 

Tangency line,  
optional 
(thin line and  
open end) 

finite line, 
tangency indicator Tangent surfaces  

Fig. 11. Tangent surfaces and tangency line 
 

 
Fig. 12. Intersection between cylinder and plane and between cylinders  

 
3.1.6 Fundamentals of vacuum (material -) 
This involves having a sound knowledge of reasons for the existence of vacuum and its 
relationship with the material (3D), as well as knowing how to represent the existing 
vacuum in the projections (2D) (hidden lines) 

                                                                                                                                

- =

 
Fig. 13. Vacuum = material (+) - material (-). The vacuum is always surrounded by material  

 
3.1.7 Fundamentals of cuts and different types of cutting planes 
These fundamentals consist of a good knowledge of the basics of cuts (3D) and their 
representation (2D), as well as the different types of cutting planes (normal, staggered, 
aligned, //view //cut) 

       
Fig. 14. cutting plane 
 

 
Fig. 15. Example of different cuttings: aligned section, offset section view and broken-out 
section view  

 
3.1.8 Fundamentals of the industry's most characteristic features 
This means mastering the most common industrial elements of industrial parts (3D), their 
characteristics and how to represent them (2D) (all kinds of holes, nerves, rounding off, 
chamfers...) 
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Fig. 13. Vacuum = material (+) - material (-). The vacuum is always surrounded by material  

 
3.1.7 Fundamentals of cuts and different types of cutting planes 
These fundamentals consist of a good knowledge of the basics of cuts (3D) and their 
representation (2D), as well as the different types of cutting planes (normal, staggered, 
aligned, //view //cut) 

       
Fig. 14. cutting plane 
 

 
Fig. 15. Example of different cuttings: aligned section, offset section view and broken-out 
section view  

 
3.1.8 Fundamentals of the industry's most characteristic features 
This means mastering the most common industrial elements of industrial parts (3D), their 
characteristics and how to represent them (2D) (all kinds of holes, nerves, rounding off, 
chamfers...) 
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Rib and webs

Filled and rounded corners 

Chamfer 

Vacums 
 (reducing the weigh 
 of the piece)

 
Fig. 16. Piece with several industry's characteristic features 
 

             
Fig. 17. Holes (drilled, countersunk, counterbored, blind and threaded holes)  

 
3.1.9 Fundamentals of sketches 
These fundamental involve the process of creating sketches (3D and 2D) keeping the visual, 
the proportions and the parallels. 
 

 
Fig. 18. Sketching process [15] 

              
Fig. 19. Cylinder intersection sketching process  
 

Fig. 20. Bertoline 2003[10] 

 
3.1.10 Methodology for Part Visualization Problem Solving and strategies 
Qualitative data analysis. This involves learning to analyze the data of departure, the type 
of data and knowing how to interpret the obtained information to classify the types of 
pieces (solids, surfaces, vertices, features, outside / inside, intersections). This analysis will 
allow lead to a solution to the problem 
Solving Strategy. This means choosing the most appropriate solving strategy (specific) 
according to the analyzed data. It also involves knowing how to validate and raise different 
hypotheses to solve the visualization of the various elements making up the piece. 

• Elimination of volumes 
• Decomposing into simple geometric elements 

 

 
Fig. 21. Elimination [10] and descomposing [21]  

• Correspondence Method (identify the different planes): pieces of flat faces 
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Fig. 22. First steps of solving process, identifying the planes which are paralell to the 
projection planes 

• Identifying the vertices and joining them with the base (figure 23) 
 

 
Fig. 23. 

• Identifying the geometries of revolution through circles (centers) and axes figure 
24) 

 

 
Fig. 24. 

• Differentiating between solid geometry (material +) and vacuum (material -) figure 
25) 

  

 
Fig. 25. 

• Interpreting the information derived from the most typical Industrial elements 
(figure 26) 

 

      
Fig. 26. 

• Using the cutting (data) as a reference in the sketch (figure 27) 

Analysing the left 
side of the piece, we 
can identify two 
holes which show as 
the upper and lower 
limit plane. 
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Pasos:
-Analizar tipo de vistas/cortes
(identificar planos de corte)
-Analizar tipo de pieza (prisma, 
simetr�a, elementos )
-Dibujar prisma (simetr�a)
-Dibujar plano de corte
-Dibujar paredes
-Dibujar elementos caracter�sticos
-Comprobar

Steps:
- Analyzing types of cutting 
views/views  
(identifying cutting plans). 
- Analyzing types of pieces (prisms,  
symmetry, elements) 
- Prism drawing (symmetry) 
- Drawing the cutting view plan 
- Drawing walls 
- Drawing characteristic elements 
- Check 

 

 
Fig. 27. 
 
In order to solve the piece, an iterative process must be followed to solve all the elements of 
the piece in a logical sequence. 

 
3.2 "Spatial Visualization" 
This capacity, which can be defined as the skill to manipulate images mentally, is an 
essential capacity when trying to solve a visualization problem. This teaching unit makes a 
very specific effort to attain the necessary level of this skill. 
 

 
Fig. 28. Spatial Visualization fast exercises[10] 
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Pasos:
-Analizar tipo de vistas/cortes
(identificar planos de corte)
-Analizar tipo de pieza (prisma, 
simetr�a, elementos )
-Dibujar prisma (simetr�a)
-Dibujar plano de corte
-Dibujar paredes
-Dibujar elementos caracter�sticos
-Comprobar

Steps:
- Analyzing types of cutting 
views/views  
(identifying cutting plans). 
- Analyzing types of pieces (prisms,  
symmetry, elements) 
- Prism drawing (symmetry) 
- Drawing the cutting view plan 
- Drawing walls 
- Drawing characteristic elements 
- Check 

 

 
Fig. 27. 
 
In order to solve the piece, an iterative process must be followed to solve all the elements of 
the piece in a logical sequence. 

 
3.2 "Spatial Visualization" 
This capacity, which can be defined as the skill to manipulate images mentally, is an 
essential capacity when trying to solve a visualization problem. This teaching unit makes a 
very specific effort to attain the necessary level of this skill. 
 

 
Fig. 28. Spatial Visualization fast exercises[10] 
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Pasos:
-Analizar tipo de vistas/cortes
(identificar planos de corte)
-Analizar tipo de pieza (prisma, 
simetr�a, elementos )
-Dibujar prisma (simetr�a)
-Dibujar plano de corte
-Dibujar paredes
-Dibujar elementos caracter�sticos
-Comprobar

Steps:
- Analyzing types of cutting 
views/views  
(identifying cutting plans). 
- Analyzing types of pieces (prisms,  
symmetry, elements) 
- Prism drawing (symmetry) 
- Drawing the cutting view plan 
- Drawing walls 
- Drawing characteristic elements 
- Check 

 

 
Fig. 27. 
 
In order to solve the piece, an iterative process must be followed to solve all the elements of 
the piece in a logical sequence. 

 
3.2 "Spatial Visualization" 
This capacity, which can be defined as the skill to manipulate images mentally, is an 
essential capacity when trying to solve a visualization problem. This teaching unit makes a 
very specific effort to attain the necessary level of this skill. 
 

 
Fig. 28. Spatial Visualization fast exercises[10] 
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Pasos:
-Analizar tipo de vistas/cortes
(identificar planos de corte)
-Analizar tipo de pieza (prisma, 
simetr�a, elementos )
-Dibujar prisma (simetr�a)
-Dibujar plano de corte
-Dibujar paredes
-Dibujar elementos caracter�sticos
-Comprobar

Steps:
- Analyzing types of cutting 
views/views  
(identifying cutting plans). 
- Analyzing types of pieces (prisms,  
symmetry, elements) 
- Prism drawing (symmetry) 
- Drawing the cutting view plan 
- Drawing walls 
- Drawing characteristic elements 
- Check 

 

 
Fig. 27. 
 
In order to solve the piece, an iterative process must be followed to solve all the elements of 
the piece in a logical sequence. 

 
3.2 "Spatial Visualization" 
This capacity, which can be defined as the skill to manipulate images mentally, is an 
essential capacity when trying to solve a visualization problem. This teaching unit makes a 
very specific effort to attain the necessary level of this skill. 
 

 
Fig. 28. Spatial Visualization fast exercises[10] 
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4. Program of Activities 
 

As progress is made in the teaching unit and in order to assimilate the knowledge, the 
corresponding activities marked by the program must be carried out. The degree of 
difficulty of each the activities is directly related to the step to be accomplished in the 
corresponding didactic unit. 
Steps to follow 
Step Indicator to work Carry Out Indicators Dimensions Types of activity 

1 1 
Spatial Visualization 

1, 4, 9 
Spatial Visualization 

2D and 3D  
From 3D to 2D 

Elements (points, lines, 
surfaces...) 
Identifying points of view, 
creating views, simple 
sketches 
Working the spatial 
visualization 
(Visualization Test ) 
[16] 

 

A

B

C

D

E

F

 
Fig. 30. Identify elements [10] Bertoline and viewpoints 
 

 

  

 

 
Fig. 31. Rotations, develops and sections from Visualization Test [16] 
 

 

 
Fig. 32. Easy sketches: mirror [10] and box-in it 
 
Step Indicator to 

work 
Carry Out 
Indicators 

Dimensions Types of activity 

2 2 and 3 1,2,3,4,9 
Spatial 
Visualization 

2D and 3D  
From 3D to 2D 

Plane types, identification of 
planes 
Box-plane intersections in 
axonometric (Sketches) 
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Fig. 33. Identify the different types of planes [10] 
 

 
Fig. 34. Box-plane intersections exercise, solution, models and CAD views 
 
Steps Indicator to work Carry Out Indicators Dimensions Types of activity 

3 10 
(correspondence) 

1,2,3,4,9,10 Spatial 
Visualization 

From 2D to 3D Solving of pieces with 
flat faces Sketches 

 

   

    

   

 
 
Fig. 35. Example of flat piece resolution process 
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Steps Indicator to 
work 

Carry Out 
Indicators 

Dimensions Types of activity 

4 4,5 and 10 1,2,4,5,9,10 
Spatial 
Visualization 

From 2D to 3D Solving of pieces with simple 
geometric elements Sketches 

 

  
Fig. 36. Example of simple piece resolution process 
 
Steps Indicator to 

work 
Carry Out 
Indicators 

Dimensions Types of activity 

5 6,7 and 10 
Spatial 
Visualization 

1,2,3,4,5,6,7,9,10 
Spatial Visualization 

From 2D to 3D 
From 2D to (3D) 2D 

Solving of pieces with 
simple vacuums,  drilling 
exercises 
Solving of cutting 
exercises with new 
views/cuts 
(Sketches) 
Spatial visualization 
(cutting) fast exercises 

 

 
Fig. 37. Example of drilling exercises [20] (student must know when there is material and 
when there is vacuum) and CAD, physics model and cutting view 
 

 
Fig. 38. Example of cutting fast exercise, the student must link the cutting plane and the 
cutting view [19] 
 

      
Fig. 39. Example of simple cutting exercise 
 
Steps Indicator 

to work 
Carry Out Indicators Dimensions Types of activity 

6 5 and 10 1,2,3,4,5,6,7,9,10 
Spatial Visualization 

From 2D to 3D 
From 2D to (3D) 2D 

Piece solving with 
characteristic intersections 
with new views/cuts 
(Sketches) 
Working the spatial   
visualization (Cutting 
Visualization Test ) [17] 
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Fig. 40. Example of exercise with intersections between surfaces and CAD models  
 
Table1. Example of resolution process: medium level exercise, the student must sketch the 
piece 
 
 

 

 

 
 

- Analyzing types of cutting 
views/views 
 
- Analyzing types of pieces 
(prisms, symmetry, elements) 
 
- Drawing the boxing-in 
(symmetry) 

 

  

 

 

- Identifying revolving axes 
(material) 
 
- Iterative process to solve the 
main features (breaking down 
the elements) 
 
Solving (making the image) / 
Drawing (mental/freehand): 
 
- Sketching process (principle 
axes/boxing-in, auxiliary points 
and lines, proportional) 
 
- Sketching sequence (linked 
with the problem-solving 
sequence) 

   

- Identifying revolving axes (- 
material) 
 
- Breakdown of the analysis 
(sub-problems) 
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Fig. 41. Exercises (2 of 17) from high Visualization Test [17] 
 

 
Fig. 42. Exercises with high level of spatial Visualization, CAD and physics model 
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Carry Out 
Indicators 

Dimensions Types of activity 

7 8 and 10 1,2,3,4,5,6,7,8,9,10 
Spatial 
Visualization 

From 2D to 3D 
From 2D to (3D) 2D 

Piece solving with Industrial 
characteristics elements with 
new views/cuts (Sketches) 

 

 
Fig. 43. Exercise with industrial features, intersection and tangency between surfaces and 
negative elements (vacuum) 

Table 2. Example of resolution process with high level exercise, the student must sketch the 
piece and draw the cut by hand 
 

 
Before cutting the piece we must visualize it  

Analyzing types of cutting views/views 
Analyzing types of pieces (prisms, 
symmetry, elements) 
 

 
Identifying revolving axes (material) Iterative 
process to solve the main features (breaking 
down the elements) 
 

 
Breakdown of the analysis (sub-problems) 
(general-to-detail / left-to-right / top-to-
bottom / outside-to-inside) 
 
On the left side the two holes show as the 
limit planes 
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Parallel and finite lines (surface tangency) 
show as the different webs linking the main 
elements (cylinders and prism) 

   

  
Analysis of results (confirmation of the 
image) in agreement with the data 

           
Solving (making the image) / Drawing 
(mental/freehand): 
Sketching process (principle axes/boxing-
in, auxiliary points 
and lines, proportional) 
Sketching sequence (linked with the 
problem-solving 
sequence) 

  
Once we have understood the piece we can 
proceed with the cutting. 
 

 
 
The cutting viewpoint tells which part has 
to be removed 

 

 
Auxiliary lines helps us to draw the axes 
parallels to the view point and centered 
with the front view cylinders 
Using a reference (red line), we can obtain 
the dimensions of the top view. 
We draw the 3 cylinders (half cylinder) 
which are the main features. 
Afterwards, we proceed to draw the webs 
linking the different cylinders (we must 
grate the webs because it is a transversal 
cut) 
At the end we draw the edges that are 
seen. 

Methodology	for	Part	Visualization	Problem	Solving	-	the	Importance	of	the	Process	- 145

 
Parallel and finite lines (surface tangency) 
show as the different webs linking the main 
elements (cylinders and prism) 

   

  
Analysis of results (confirmation of the 
image) in agreement with the data 

           
Solving (making the image) / Drawing 
(mental/freehand): 
Sketching process (principle axes/boxing-
in, auxiliary points 
and lines, proportional) 
Sketching sequence (linked with the 
problem-solving 
sequence) 

  
Once we have understood the piece we can 
proceed with the cutting. 
 

 
 
The cutting viewpoint tells which part has 
to be removed 

 

 
Auxiliary lines helps us to draw the axes 
parallels to the view point and centered 
with the front view cylinders 
Using a reference (red line), we can obtain 
the dimensions of the top view. 
We draw the 3 cylinders (half cylinder) 
which are the main features. 
Afterwards, we proceed to draw the webs 
linking the different cylinders (we must 
grate the webs because it is a transversal 
cut) 
At the end we draw the edges that are 
seen. 



New	Achievements	in	Technology,	Education	and	Development144

 
Parallel and finite lines (surface tangency) 
show as the different webs linking the main 
elements (cylinders and prism) 

   

  
Analysis of results (confirmation of the 
image) in agreement with the data 

           
Solving (making the image) / Drawing 
(mental/freehand): 
Sketching process (principle axes/boxing-
in, auxiliary points 
and lines, proportional) 
Sketching sequence (linked with the 
problem-solving 
sequence) 

  
Once we have understood the piece we can 
proceed with the cutting. 
 

 
 
The cutting viewpoint tells which part has 
to be removed 

 

 
Auxiliary lines helps us to draw the axes 
parallels to the view point and centered 
with the front view cylinders 
Using a reference (red line), we can obtain 
the dimensions of the top view. 
We draw the 3 cylinders (half cylinder) 
which are the main features. 
Afterwards, we proceed to draw the webs 
linking the different cylinders (we must 
grate the webs because it is a transversal 
cut) 
At the end we draw the edges that are 
seen. 

Methodology	for	Part	Visualization	Problem	Solving	-	the	Importance	of	the	Process	- 145

 
Parallel and finite lines (surface tangency) 
show as the different webs linking the main 
elements (cylinders and prism) 

   

  
Analysis of results (confirmation of the 
image) in agreement with the data 

           
Solving (making the image) / Drawing 
(mental/freehand): 
Sketching process (principle axes/boxing-
in, auxiliary points 
and lines, proportional) 
Sketching sequence (linked with the 
problem-solving 
sequence) 

  
Once we have understood the piece we can 
proceed with the cutting. 
 

 
 
The cutting viewpoint tells which part has 
to be removed 

 

 
Auxiliary lines helps us to draw the axes 
parallels to the view point and centered 
with the front view cylinders 
Using a reference (red line), we can obtain 
the dimensions of the top view. 
We draw the 3 cylinders (half cylinder) 
which are the main features. 
Afterwards, we proceed to draw the webs 
linking the different cylinders (we must 
grate the webs because it is a transversal 
cut) 
At the end we draw the edges that are 
seen. 



New	Achievements	in	Technology,	Education	and	Development146

 

Analysis of results (confirmation of the 
image): 
In agreement with the data 

 
Steps Indicator to 

work 
Carry Out 
Indicators 

Dimensions Types of activity 

8 10 
Spatial 
Visualization 

1,2,3,4,5,6,7,8,9,10 
Spatial 
Visualization 

From 2D to 3D 
From 2D to (3D) 2D 

Exam exercises 
Working the 
spatial 
visualization 
(Visualization 
Test) 
[16] 

 

  
 

 
Fig. 44. Evaluation of knowledge acquisition when solving visualization problems: the 
students had to do it by hand despite the formulation and the solution in this case being 
CAD made (Example of exercise in step 8) 

 
5. Results and Conclusions 
 

Analyzing the results of the Visualization exercises at official examinations, the average (t 
student) between the group that has used the described method (experimental group) and 
the rest of the students (control group), which has continued with traditional teaching, is 
significantly different. 
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Some special tests have been performed and recorded individually with some students in 
both groups. These test show that the experimental group follows a reasonable method of 
resolution whilst the control group keeps on basing its work on experience and intuition. 
It was also noted that the more limited is the students prior knowledge (typical Chemical 
Engineering students' profile) the better (s)he works with the new methodology. 
Besides, a higher attendance to the final exam and a lower demand for of private lessons at 
the end of the semester was registered in the experimental group. 
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Some special tests have been performed and recorded individually with some students in 
both groups. These test show that the experimental group follows a reasonable method of 
resolution whilst the control group keeps on basing its work on experience and intuition. 
It was also noted that the more limited is the students prior knowledge (typical Chemical 
Engineering students' profile) the better (s)he works with the new methodology. 
Besides, a higher attendance to the final exam and a lower demand for of private lessons at 
the end of the semester was registered in the experimental group. 
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1. Introduction 
 

Mendel University of Agriculture and Forestry in Brno ( http://www.mendelu.cz), Czech 
Republic, named in honour of J. G. Mendel, founder of genetics, was established in 1919 as 
the first university of this type in former Czechoslovakia. Since its establishment the 
University has undergone a range of structural as well as curricular changes, and now 
provides top quality education to meet demand for graduates in spheres of agriculture, 
horticulture, forestry, landscape management, business and economics. 
The University is divided into five faculties. Faculty of Agronomy, Faculty of Forestry and 
Wood Technology, Faculty of Business and Economics and Faculty of Regional 
Development and International Studies are all located in Brno. Faculty of Horticulture is 
located in Lednice, 50 km south of Brno. The total number of student enrolled at all five 
faculties reaches 9000. 
Faculty of Forestry and Wood Technology offers research and education focused on 
renewable natural resources and wood technology. In accordance with the Bologna Process, 
students have at their disposition all three levels of education: bachelor, master, and 
doctoral. Basic bachelor level and consequential master level consist of four study programs: 
Forestry, Landscape management, Wood technology and Furniture. At doctoral level 
following fields of study are opened: Applied geoinformatics, Economy and management of 
renewable natural resources, Technology and mechanization of forest production, Forest 
ecology, Forest phytology, Forest management, Game management, Forest protection, 
Silviculture, Landscape management and protection, Wood processing technology, 
Processes of furniture creation. 
Arriving Socrates students can choose from large number of courses in English (with 
exemption of one that is in German). All courses have particular ECTS credits. Concerning a 
geospatial domain, these courses comprise: GIS fundamentals, Remote sensing, Surveying 
and land records, Logging and transport of timber, Engineering and technology, 
Engineering drawing with CAD system, CAD/CAM application in wood-working industry. 
Besides to the Faculty staff teaching, Socrates students are supported by visiting professors 
from abroad. Students of the GIS fundamentals and the Remote sensing courses have been 
very much impressed by lectures of an American professor Barry Rock, visiting professor 
from the University of New Hampshire, USA. (Professor Rock belongs to founders of 
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modern applied remote sensing in forestry.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Visiting American professor Barry Rock of the University of New Hampshire with 
Socrates and doctoral students during field practices in the Masaryk Forest 
 
He offered them not only very interesting theoretical lectures, but also practical exercises in 
a computer laboratory. For these exercises he has brought topical Landsat data of the Brno 
region and a free image processing software MultiSpec. In addition to that he has arranged 
practical lessons in the field (Fig. 1). During field trips in the Masaryk Forest students 
learned how to measure spectral properties of various surfaces, how to estimate amount of 
green in tree crowns and how to use obtained knowledge in image classification. In the end 
of the course all students elaborated their own case studies. Naturally, lessons of the 
professor Rock were visited not only by Socrates students from abroad, but also by ordinary 
doctoral students of the Faculty and by students of lower levels. 

 
2. Applied Geoinformatics in Research of the Department of Geoinformation 
Technologies 
 

Since 2005, the Faculty of Forestry and Wood Technology of the Mendel University of 

Agriculture and Forestry in Brno have been working on a research program called “Forest 
and wood – support of a functionally integrated forest management and the use of wood as 
a renewable material” (Ministry of Education grant No. MSM 6215648902). One of its 
sections (01) is called “Alluvial forests – sustainable development management”. The 
research concerns areas of the alluvial plains of the rivers Dyje/Thaya and Morava/March 
(region South Moravia) that are unique natural formations and have for a long time been 
under a significant anthropogenic pressure. The preservation of natural environment of 
alluvial forests and all their bio-types in equilibrium is thus of primary importance. It is also 
necessary to assess the effectiveness of revitalizing measures in the landscape and the 
optimization of forest management from the point of view of sustainable development of 
the area of interest. Section 01 is divided into 8 thematic projects, where part 8 is entitled 
“The use of geoinformation technologies in landscape planning” that has been elaborated by 
the Department of Geoinformation Technologies (DGT). This project is focused on the 
development of methodology and formalized process for the creation of a digital model of 
landscape (expert system) based on geoinformation technologies (GIT). The main goal is to 
quantify revitalization arrangements in the landscape with respect to sustainable forest 
management, to optimize and visualize results, as well as to provide geoinformation 
support for other tasks of the research program. Following pages refer to this research. The 
project is divided into several successive tasks where each task covers a certain thematic 
area. The common product will then be a digital geodatabase of the area of interest serving 
as a digital data source for other landscape analyses. 

 
2.1 Ikonos and Quickbird satellite imagery processing 
 

2.1.1 Data used 
On May 2005, panchromatic and multispectral Ikonos data for the area of interest were 
ordered (via Czech company GISAT) from Space Imaging (today GeoEye) Eurasia, based in 
Ankara, Turkey. We requested data of August that would be most suitable for our purposes 
of vegetation interpretation. Nevertheless, imagery we have received was taken as late as 1st 
November 2005, fortunately it has been still utilizable. Area of our interest encompasses 
triangular territory from Nove Mlyny water reservoirs on Dyje river and from Hodonin on 
Morava river to Dyje and Morava confluence at Austrian border (see Fig. 9). This area was 
covered by 6 Ikonos scenes. Each of them consists of one panchromatic canal (450 - 900 nm, 
1 m spatial resolution) and four multispectral canals (blue 450-520 nm, green 520-600 nm, 
red 630-690 nm, NIR 760-900 nm, 4 m spatial resolution). Because of high price of the data, 
only part of it, covering Dyje and Morava alluvial plains, could be bought in 2005. In 2007, 
when all this data become archive, 5 more partial Ikonos scenes were bought. 
As no Ikonos data covered the important Palava Natural Reserve (northeast part of the 
Biosphere Reserve Lower Morava), archive QuickBird data (2003) for this area has been 
found on the Internet and bought, also in 2007. QuickBird scene, similarly to Ikonos, consists 
of one panchromatic canal (450 - 900 nm, 0.6 m spatial resolution) and four multispectral 
canals (blue 450-520 nm, green 520-600 nm, red 630-690 nm, NIR 760-900 nm, 2.5 m spatial 
resolution). 
This satellite imagery was processed in three principal consecutive stages: 
 Geometric corrections 
 Mosaicking 
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 Preliminary classification 
(First works on the Ikonos 2005 data were realized by Sustera, 2006). 
 

 
Fig. 2. Working scheme for Ikonos and QuickBird data orthorectification (after PCI 
Geomatics OrthoEngine Workbook, 2008) 

 
2.1.2 Geometric corrections 
For georeferencing and orthorectification, rational polynomial coefficients (RPC) provided 
with the image data, ground control points (GCPs) measured by GPS method, digital terrain 

model (DTM, see 2.2) and analogue topographic maps 1 :10,000 were used. 
Main part of geometric correction was realized in software Geomatica 10 OrthoEngin 
(product of PCI Geomatics). The project was based on the OrthoEngine generic projection 
Krovak negative (D211) and the Czech national civil geodetic system S-JTSK. 
Mathematical model of rational polynomial functions was employed, where not only 
surface position but also elevation is considered. The model builds a correlation between the 
pixels and their ground locations using rational polynomial coefficients (RPC) that are 
provided with the image data. This solution was refined by adding measured ground 
control points. Rational polynomial coefficients reduce number of necessary GCPs for each 
satellite scene and increase transformation accuracy. 

 
2.1.3 Ground Control Points 
For the uncorrected image, pixel and line coordinates of each GCP must be determined 
manually using the crosshair. Option “Use point “stores the point in a GCP table; measured 
map coordinates (X, Y, Z) can be afterwards entered, and the point accepted. 
According to value of computed root mean square (RMS) in pixel or ground units, point can 
be used as GCP point or check point. A GCP is used in computing the geometric model, 
whereas a check point is used to check the accuracy of the computed geometric model (it is 
not included in the bundle adjustment, mentioned later). The RMS should be kept below 1 
pixel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. GCP collection for the QuickBird image in OrthoEngine 
 
GCPs were placed in the panchromatic image and used for corrections. Later they were used 
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also for geometric corrections of multispectral imagery. In this case geodetic coordinates (X, 
Y, Z) remain the same, while image coordinates P (Pixel, i.e. Column) and L (Line) have to 
be dividend by four as the pixel in the multispectral image is four times larger than pixel in 
the panchromatic image. For this purpose, ground control points were exported from the 
OrthoEngine projects in IXYE format, which means that each row of text contained the 
following information: (1) the GCP ID (I), (2) the georeferenced East/West coordinate (X), 
(3) the georeferenced North/South coordinate (Y), (4) the elevation (E). The Pixel and Line 
position for each point were taken from the uncorrected image. Position identity of GPCs at 
panchromatic and multispectral imagery was checked, and corrected at the multispectral 
image, where needed. 
Geodetic coordinates were measured using a Trimble GeoXT device. This high performance, 
sub meter GPS receiver is combined with a rugged handheld computer and equipped with 
the TerraSync Professional software. Advanced mission planning, field work and data 
dictionary creation and editing were quite easy with this tool. Measured data was stored in 
Standard Storage Format (SSF) file, which is Trimble standard data file designed for 
mapping applications. The Trimble GPS Pathfinder Office software that works with the 
TerraSync software was used for data dictionary creation, data transfer, data import and 
export, and for postprocessing. With GPS Pathfinder Office, files can be imported from a 
number of GIS and database formats. 

 
2.1.4 Generation of ortho images	
Orthorectification is the process of using a rigorous mathematical model and a digital 
elevation model (DEM) to correct distortions from the platform, the sensor, earth terrain and 
curvature and cartographic projection in raw images. The computation of a rigorous math 
model is often referred to as a bundle adjustment. The math model solution calculates the 
position and orientation of the sensor at the time when the image was taken. Once the 
position and orientation of the sensor is identified, it can be used to accurately account for 
known distortions in the image. 
In Ortho image production schedule, several processing options are set up, in particular 
available digital elevation model (DEM) and appropriate resampling method must be 
chosen. For this function we have used as the DEM the digital terrain model (DTM) that is 
described in 2.2. 
For resampling of images during orthorectification process two methods were used: (1) 
nearest neighbour interpolation and (2) cubic convolution. The nearest neighbour 
resampling option identifies the grey level of the pixel closest to the specified input 
coordinates and assigns that value to the output coordinates. Although this method is 
considered the most efficient in terms of computation time, it introduces small errors in the 
output image. The output image may be offset spatially by up to half a pixel, which may 
cause the image to have a jagged appearance. The result is suitable for automated 
classification. 
The cubic convolution resampling option determines the grey level from the weighted 
average of the 16 closest pixels to the specified input coordinates and assigns that value to 
the output coordinates. The resulting image is slightly sharper than one produced by 
bilinear interpolation (not used here), and it does not have the disjointed appearance 
produced by nearest neighbour interpolation. It is suitable for visual interpretation and for 
field works. 

2.1.5 Postprocessed differential correction	
Measured GPS data of ground control points was imported into Trimble GPS Pathfinder 
Office software where post processed differential corrections were realized. 
In post processed differential GPS (DGPS), the base station records the correction for each 
satellite directly to a file. The roving receiver also records its own positions. Once data 
collection is complete, the two files can be processed using the GPS Pathfinder Office 
software, producing differentially corrected GPS data as the output. Reference stations 
supply the base data required for differential correction. 
In our research, correction data were received from the Czech network of permanent station 
for position determining (CZEPOS) that provides to GPS users correction data for exact 
positioning at the Czech Republic territory. CZEPOS is operated by the Czech Surveying 
Office. Data were transferred via Internet using RINEX - the Receiver Independent 
Exchange Format. Moravsky Krumlov (CMOK) station and hourly data files were used. 
Measured GCP data were imported in SSF data format into Trimble Pathfinder Office, 
processed by standard base processing and exported as ESRI shapefiles, with GCP attributes 
position and elevation. It was found useful to transform resulting shapefile DBF data to 
Excel XLS files, as such results could be easily re-imported into OrthoEngine GCPs table. 
After appropriate corrections, the orthorectification process in the OrthoEngine could be run 
again, this time providing the most precise georeferenced and orthorectified image output. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Mosaic preview of the project, after joining QuickBird data, with cutlines of Ikonos 
archive and QuickBird scenes 
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2.1.6 Mosaicking	
Georeferenced and orthorectified scenes were joined together using Automatic mosaicking 
as well as Manual mosaicking options of the OrthoEngine. 
For originally ordered and for archive Ikonos data, Automatic mosaicking option in 
OrthoEngine was used for the bulk of the work (see Fig. 4). After defining a mosaic area, for 
each image included in the mosaic file, four steps in sequence were completed: selecting an 
image to add, collecting (and editing) the cutlines, adjusting the colour balance and adding 
the image to the mosaic. 
QuickBird 2003 panchromatic data had to be first reprojected from 0.6 m spatial resolution 
to 1 m resolution and then added to the existing Ikonos mosaic. Manual mosaicking options 
of OrthoEngine was used in this case; otherwise it was difficult to reach the satisfactory 
contrast of both satellite data. With manual cutlines, proper colour balancing was achieved 
(Fig. 5), though some differences remain in the mosaic due to diverse years of data 
acquirement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Resulting mosaic of Ikonos and QuickBird data after contrast adjustment 

2.1.7 Preliminary classification 
To consider characteristics and bunching ability of the image data, dominant patterns of 
spectral reflectance were at first automatically extracted, using unsupervised classification 
modules of Idrisi version 15 (Andes). The unsupervised classification does not require the 
user to specify any information about the features contained in the images; it automatically 
creates groups of similar pixels using methods of cluster analysis. 
For this purpose, a false colour composition from the multispectral Ikonos data was initially 
produced, a cut covering Lednice region (north-west part of the area of interest) created and 
used as reference basis for experimental classification of the imagery (Fig. 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. The Lednice region - NIR, R, G colour composition 
 
This part of the image data (i.e. Lednice region) was then classified using following Idrisi 
Andes unsupervised classification modules: CLUSTER, ISOCLUST, KMEANS, MAXSET, 
SOM and Fuzzy ARTMAP. Later the same data has been segmented and experimentally 
classified in contextual object oriented image analysis software Definiens (eCognition) 
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version 5. Best classification results have been obtained from CLUSTER, ISOCLUST, 
KMEANS and SOM modules. According to our experience, CLUSTER provided the best 
information on number of clusters existing in the imagery, as it is not necessary to define 
number of clusters in advance – the module detects it itself using a histogram peak 
technique. SOM output results (with maximum of 15 output clusters option) proved to be 
very close to information categories obtained by preliminary classification in Definiens (see 
Fig. 7). SOM undertakes unsupervised classification of remotely sensed imagery using 
Kohonen’s Self-Organizing Map (SOM) neural network. The network algorithm is able to 
find characteristic objects in the image without any external information. The input layer 
represents the input feature vector with a separate neuron for each reflectance band. The 
output layer of the SOM is typically organized as a two-dimensional array of neurons. For 
unsupervised classification, competitive layer neurons are organized into classes through 
the use of a clustering procedure such as an agglomerative clustering or k-means procedure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Data classification of Lednice area by module SOM (15 clusters) compared with a 
preliminary classification result in object oriented software Definiens 
 
Unsupervised classification output provides important objective evidence on imagery 
information capability that can be subsequently used in supervised and contextual 

classification. Especially creating training data sets and their identification in the field can be 
this way distinctively facilitated. More classification experiments using supervised and 
object oriented classification are planned for the nearest future. 

 
2.2 Digital terrain model 
The Digital Terrain Model (DTM) is one of the crucial layers for the Digital Landscape 
Model (DLM, see 2.5), as all environmental processes occur in relation to it. These models 
are usually based on two main data sources: (1) data from photogrammetric measurements, 
and (2) data from digital elevation sets. In the near future also DTM from laser scanning will 
be available, as its price gradually decreases. Quantitative parameters of the DTM are in the 
first case influenced by the way the data is obtained (the accuracy of determining terrain 
level from a photogrammetric analysis is limited by open visibility of the ground) and in the 
second case, the model is negatively influenced by the spatial distribution of contour lines 
and point elevations (Klimanek, 2006). 
Due to the extent of the observed alluvial forest area, the hypsometry from the Fundamental 
Base of Geographic Data (ZABAGED) from the Czech Office for Surveying, Mapping and 
Cadastre (CÚZK) was used. Only contour lines contain the elevation data and they have 
two main disadvantages: they do not contain local maximum and minimum values (that is 
the point elevations on hill tops, mountain ridges but also in the valleys) and depending on 
the terrain shape the data is irregularly stratified which often leads to a shortage of elevation 
identifications (typically in longitudinal axes of ridges and valleys). The ZABAGED contour 
layer data come from maps of 1 : 10,000 scale and have the interval of 5 m (on some map 
sheets there is the interval of 2 m). The lines are not continual; in places of singularities they 
are interrupted. This might on the one hand cause complications to algorithms working 
primarily with lines, but on the other hand, it enables to identify these places with 
singularities in the terrain and thus make DTM more accurate. Another source represented 
data delivered by Geodis Brno Company, which come from stereophotogrammetric 
evaluation and contain point elements including lines of singularities. The density of this 
field of points is very varied, especially regarding the density of plant cover. The whole 
work was further complicated by the fact that the area of interest has quite small altitude 
differences (from 150 to 350 m above sea level) and at places almost a zero gradient. The 
creation of the DTM from such sources is usually solved by spatial interpolation, where the 
information from discrete point or line objects is interpolated into continual representation 
of the surface based on their attribute (in this case – the elevation above sea level). 
Due to its availability common software GIS products were used - ESRI ArcGIS and GIS 
Idrisi, and their corresponding algorithms for the creation of DTM from contour layer data 
which provide best results – ArcGIS Desktop Topo to Raster, Idrisi Andes TIN. A good 
quality DTM, however, cannot be obtained by mere choice of suitable algorithm, it was also 
necessary to carry out the actual field measurement in order to provide data in areas of very 
low density of elevation and to verify the created DTM. Further, the source data was 
updated with additional information such as the lines of water courses, water areas and 
elevation (this data was obtained by vectorization of maps at scales 1 : 5,000 and 1 : 10,000). 
Regarding the results obtained at the application of chosen methods of the DTM 
interpolation on our experimental site (and depending on input data), the use of specifically 
prepared algorithms proved to be the most convenient. Best results were obtained with the 
Topo to Raster tool. This algorithm uses modification of the spline method and hydrological 

Applied	Geoinformatics	in	Forestry	and	Landscape	Research	and	Education 161

version 5. Best classification results have been obtained from CLUSTER, ISOCLUST, 
KMEANS and SOM modules. According to our experience, CLUSTER provided the best 
information on number of clusters existing in the imagery, as it is not necessary to define 
number of clusters in advance – the module detects it itself using a histogram peak 
technique. SOM output results (with maximum of 15 output clusters option) proved to be 
very close to information categories obtained by preliminary classification in Definiens (see 
Fig. 7). SOM undertakes unsupervised classification of remotely sensed imagery using 
Kohonen’s Self-Organizing Map (SOM) neural network. The network algorithm is able to 
find characteristic objects in the image without any external information. The input layer 
represents the input feature vector with a separate neuron for each reflectance band. The 
output layer of the SOM is typically organized as a two-dimensional array of neurons. For 
unsupervised classification, competitive layer neurons are organized into classes through 
the use of a clustering procedure such as an agglomerative clustering or k-means procedure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Data classification of Lednice area by module SOM (15 clusters) compared with a 
preliminary classification result in object oriented software Definiens 
 
Unsupervised classification output provides important objective evidence on imagery 
information capability that can be subsequently used in supervised and contextual 

classification. Especially creating training data sets and their identification in the field can be 
this way distinctively facilitated. More classification experiments using supervised and 
object oriented classification are planned for the nearest future. 

 
2.2 Digital terrain model 
The Digital Terrain Model (DTM) is one of the crucial layers for the Digital Landscape 
Model (DLM, see 2.5), as all environmental processes occur in relation to it. These models 
are usually based on two main data sources: (1) data from photogrammetric measurements, 
and (2) data from digital elevation sets. In the near future also DTM from laser scanning will 
be available, as its price gradually decreases. Quantitative parameters of the DTM are in the 
first case influenced by the way the data is obtained (the accuracy of determining terrain 
level from a photogrammetric analysis is limited by open visibility of the ground) and in the 
second case, the model is negatively influenced by the spatial distribution of contour lines 
and point elevations (Klimanek, 2006). 
Due to the extent of the observed alluvial forest area, the hypsometry from the Fundamental 
Base of Geographic Data (ZABAGED) from the Czech Office for Surveying, Mapping and 
Cadastre (CÚZK) was used. Only contour lines contain the elevation data and they have 
two main disadvantages: they do not contain local maximum and minimum values (that is 
the point elevations on hill tops, mountain ridges but also in the valleys) and depending on 
the terrain shape the data is irregularly stratified which often leads to a shortage of elevation 
identifications (typically in longitudinal axes of ridges and valleys). The ZABAGED contour 
layer data come from maps of 1 : 10,000 scale and have the interval of 5 m (on some map 
sheets there is the interval of 2 m). The lines are not continual; in places of singularities they 
are interrupted. This might on the one hand cause complications to algorithms working 
primarily with lines, but on the other hand, it enables to identify these places with 
singularities in the terrain and thus make DTM more accurate. Another source represented 
data delivered by Geodis Brno Company, which come from stereophotogrammetric 
evaluation and contain point elements including lines of singularities. The density of this 
field of points is very varied, especially regarding the density of plant cover. The whole 
work was further complicated by the fact that the area of interest has quite small altitude 
differences (from 150 to 350 m above sea level) and at places almost a zero gradient. The 
creation of the DTM from such sources is usually solved by spatial interpolation, where the 
information from discrete point or line objects is interpolated into continual representation 
of the surface based on their attribute (in this case – the elevation above sea level). 
Due to its availability common software GIS products were used - ESRI ArcGIS and GIS 
Idrisi, and their corresponding algorithms for the creation of DTM from contour layer data 
which provide best results – ArcGIS Desktop Topo to Raster, Idrisi Andes TIN. A good 
quality DTM, however, cannot be obtained by mere choice of suitable algorithm, it was also 
necessary to carry out the actual field measurement in order to provide data in areas of very 
low density of elevation and to verify the created DTM. Further, the source data was 
updated with additional information such as the lines of water courses, water areas and 
elevation (this data was obtained by vectorization of maps at scales 1 : 5,000 and 1 : 10,000). 
Regarding the results obtained at the application of chosen methods of the DTM 
interpolation on our experimental site (and depending on input data), the use of specifically 
prepared algorithms proved to be the most convenient. Best results were obtained with the 
Topo to Raster tool. This algorithm uses modification of the spline method and hydrological 



New	Achievements	in	Technology,	Education	and	Development160

version 5. Best classification results have been obtained from CLUSTER, ISOCLUST, 
KMEANS and SOM modules. According to our experience, CLUSTER provided the best 
information on number of clusters existing in the imagery, as it is not necessary to define 
number of clusters in advance – the module detects it itself using a histogram peak 
technique. SOM output results (with maximum of 15 output clusters option) proved to be 
very close to information categories obtained by preliminary classification in Definiens (see 
Fig. 7). SOM undertakes unsupervised classification of remotely sensed imagery using 
Kohonen’s Self-Organizing Map (SOM) neural network. The network algorithm is able to 
find characteristic objects in the image without any external information. The input layer 
represents the input feature vector with a separate neuron for each reflectance band. The 
output layer of the SOM is typically organized as a two-dimensional array of neurons. For 
unsupervised classification, competitive layer neurons are organized into classes through 
the use of a clustering procedure such as an agglomerative clustering or k-means procedure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Data classification of Lednice area by module SOM (15 clusters) compared with a 
preliminary classification result in object oriented software Definiens 
 
Unsupervised classification output provides important objective evidence on imagery 
information capability that can be subsequently used in supervised and contextual 

classification. Especially creating training data sets and their identification in the field can be 
this way distinctively facilitated. More classification experiments using supervised and 
object oriented classification are planned for the nearest future. 

 
2.2 Digital terrain model 
The Digital Terrain Model (DTM) is one of the crucial layers for the Digital Landscape 
Model (DLM, see 2.5), as all environmental processes occur in relation to it. These models 
are usually based on two main data sources: (1) data from photogrammetric measurements, 
and (2) data from digital elevation sets. In the near future also DTM from laser scanning will 
be available, as its price gradually decreases. Quantitative parameters of the DTM are in the 
first case influenced by the way the data is obtained (the accuracy of determining terrain 
level from a photogrammetric analysis is limited by open visibility of the ground) and in the 
second case, the model is negatively influenced by the spatial distribution of contour lines 
and point elevations (Klimanek, 2006). 
Due to the extent of the observed alluvial forest area, the hypsometry from the Fundamental 
Base of Geographic Data (ZABAGED) from the Czech Office for Surveying, Mapping and 
Cadastre (CÚZK) was used. Only contour lines contain the elevation data and they have 
two main disadvantages: they do not contain local maximum and minimum values (that is 
the point elevations on hill tops, mountain ridges but also in the valleys) and depending on 
the terrain shape the data is irregularly stratified which often leads to a shortage of elevation 
identifications (typically in longitudinal axes of ridges and valleys). The ZABAGED contour 
layer data come from maps of 1 : 10,000 scale and have the interval of 5 m (on some map 
sheets there is the interval of 2 m). The lines are not continual; in places of singularities they 
are interrupted. This might on the one hand cause complications to algorithms working 
primarily with lines, but on the other hand, it enables to identify these places with 
singularities in the terrain and thus make DTM more accurate. Another source represented 
data delivered by Geodis Brno Company, which come from stereophotogrammetric 
evaluation and contain point elements including lines of singularities. The density of this 
field of points is very varied, especially regarding the density of plant cover. The whole 
work was further complicated by the fact that the area of interest has quite small altitude 
differences (from 150 to 350 m above sea level) and at places almost a zero gradient. The 
creation of the DTM from such sources is usually solved by spatial interpolation, where the 
information from discrete point or line objects is interpolated into continual representation 
of the surface based on their attribute (in this case – the elevation above sea level). 
Due to its availability common software GIS products were used - ESRI ArcGIS and GIS 
Idrisi, and their corresponding algorithms for the creation of DTM from contour layer data 
which provide best results – ArcGIS Desktop Topo to Raster, Idrisi Andes TIN. A good 
quality DTM, however, cannot be obtained by mere choice of suitable algorithm, it was also 
necessary to carry out the actual field measurement in order to provide data in areas of very 
low density of elevation and to verify the created DTM. Further, the source data was 
updated with additional information such as the lines of water courses, water areas and 
elevation (this data was obtained by vectorization of maps at scales 1 : 5,000 and 1 : 10,000). 
Regarding the results obtained at the application of chosen methods of the DTM 
interpolation on our experimental site (and depending on input data), the use of specifically 
prepared algorithms proved to be the most convenient. Best results were obtained with the 
Topo to Raster tool. This algorithm uses modification of the spline method and hydrological 

Applied	Geoinformatics	in	Forestry	and	Landscape	Research	and	Education 161

version 5. Best classification results have been obtained from CLUSTER, ISOCLUST, 
KMEANS and SOM modules. According to our experience, CLUSTER provided the best 
information on number of clusters existing in the imagery, as it is not necessary to define 
number of clusters in advance – the module detects it itself using a histogram peak 
technique. SOM output results (with maximum of 15 output clusters option) proved to be 
very close to information categories obtained by preliminary classification in Definiens (see 
Fig. 7). SOM undertakes unsupervised classification of remotely sensed imagery using 
Kohonen’s Self-Organizing Map (SOM) neural network. The network algorithm is able to 
find characteristic objects in the image without any external information. The input layer 
represents the input feature vector with a separate neuron for each reflectance band. The 
output layer of the SOM is typically organized as a two-dimensional array of neurons. For 
unsupervised classification, competitive layer neurons are organized into classes through 
the use of a clustering procedure such as an agglomerative clustering or k-means procedure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Data classification of Lednice area by module SOM (15 clusters) compared with a 
preliminary classification result in object oriented software Definiens 
 
Unsupervised classification output provides important objective evidence on imagery 
information capability that can be subsequently used in supervised and contextual 

classification. Especially creating training data sets and their identification in the field can be 
this way distinctively facilitated. More classification experiments using supervised and 
object oriented classification are planned for the nearest future. 

 
2.2 Digital terrain model 
The Digital Terrain Model (DTM) is one of the crucial layers for the Digital Landscape 
Model (DLM, see 2.5), as all environmental processes occur in relation to it. These models 
are usually based on two main data sources: (1) data from photogrammetric measurements, 
and (2) data from digital elevation sets. In the near future also DTM from laser scanning will 
be available, as its price gradually decreases. Quantitative parameters of the DTM are in the 
first case influenced by the way the data is obtained (the accuracy of determining terrain 
level from a photogrammetric analysis is limited by open visibility of the ground) and in the 
second case, the model is negatively influenced by the spatial distribution of contour lines 
and point elevations (Klimanek, 2006). 
Due to the extent of the observed alluvial forest area, the hypsometry from the Fundamental 
Base of Geographic Data (ZABAGED) from the Czech Office for Surveying, Mapping and 
Cadastre (CÚZK) was used. Only contour lines contain the elevation data and they have 
two main disadvantages: they do not contain local maximum and minimum values (that is 
the point elevations on hill tops, mountain ridges but also in the valleys) and depending on 
the terrain shape the data is irregularly stratified which often leads to a shortage of elevation 
identifications (typically in longitudinal axes of ridges and valleys). The ZABAGED contour 
layer data come from maps of 1 : 10,000 scale and have the interval of 5 m (on some map 
sheets there is the interval of 2 m). The lines are not continual; in places of singularities they 
are interrupted. This might on the one hand cause complications to algorithms working 
primarily with lines, but on the other hand, it enables to identify these places with 
singularities in the terrain and thus make DTM more accurate. Another source represented 
data delivered by Geodis Brno Company, which come from stereophotogrammetric 
evaluation and contain point elements including lines of singularities. The density of this 
field of points is very varied, especially regarding the density of plant cover. The whole 
work was further complicated by the fact that the area of interest has quite small altitude 
differences (from 150 to 350 m above sea level) and at places almost a zero gradient. The 
creation of the DTM from such sources is usually solved by spatial interpolation, where the 
information from discrete point or line objects is interpolated into continual representation 
of the surface based on their attribute (in this case – the elevation above sea level). 
Due to its availability common software GIS products were used - ESRI ArcGIS and GIS 
Idrisi, and their corresponding algorithms for the creation of DTM from contour layer data 
which provide best results – ArcGIS Desktop Topo to Raster, Idrisi Andes TIN. A good 
quality DTM, however, cannot be obtained by mere choice of suitable algorithm, it was also 
necessary to carry out the actual field measurement in order to provide data in areas of very 
low density of elevation and to verify the created DTM. Further, the source data was 
updated with additional information such as the lines of water courses, water areas and 
elevation (this data was obtained by vectorization of maps at scales 1 : 5,000 and 1 : 10,000). 
Regarding the results obtained at the application of chosen methods of the DTM 
interpolation on our experimental site (and depending on input data), the use of specifically 
prepared algorithms proved to be the most convenient. Best results were obtained with the 
Topo to Raster tool. This algorithm uses modification of the spline method and hydrological 



New	Achievements	in	Technology,	Education	and	Development162

characteristics in order to create the DTM as accurately as possible and it enables its further 
improvement by the application of additional data into the model (ground elevations and 
hydrological network). The algorithm is primarily designed for working with contour line 
data and the idea is based on the presumption that the main factors which model the shape 
of the terrain are hydrological processes. Depending on the type of interpolation, it is the 
discrete spline method which allows to model sudden changes in terrain relief. The created 
DTM of 5m spatial resolution serves mainly for satellite data orthorectification, for visual 
interpretation of other data sets and for further modelling. DTM is the key base for the 
Digital Landscape Model and it enables a number of other analyses, such as simple 
determination of categories of gradient and exposition, various landscape studies (visual 
sensitivity of landscape, visual exposure of landscape) or complicated hydrological or 
climatic modelling (Hadas et al., 2008). 

 
2.3 Usage of GPS and testing of accuracy of GPS receivers 
In specific phases of the research programme it was necessary to measure ground control 
points for geometric correction of satellite imagery, to determine exactly boundaries of Dyje 
and Morava floodplains and then to localize boundaries of other objects of interest – 
particularly experimental areas of other institutions. Mapping training sites for classification 
and updating data acquired from other sources was also realized. For these works GPS 
technologies enabling effective collection of thematic data in the field were used. The 
Department of Geoinformation Technologies disposes of a number of GPS receivers, 
ranging from common tourist (navigation) ones, through receivers for GIS applications, to 
accurate geodetic equipment. Most of these machines combine PDA and GPS and enable 
work with spatial data right in the field, such as the display of various raster maps, vector 
data, transformation of coordinate systems and so on. 
Concerning this topic, tests were carried out regarding the accuracy of measurement of 
some GPS receivers for GIS application (in particular Trimble Juno ST a Trimble Recon, as 
they are often used by our students), primarily regarding the shade effects of forest canopy. 
It can be said that although the shade of forest canopy does influences the measurement, it is 
nearly always possible to proceed with the surveying (forest growth does not limit the use 
of the GPS to such an extent as, e.g., an adverse relief configuration does). The average 
PDOP value during the measurement under the forest canopy reached 3.5. No statistically 
significant relation between the PDOP value and the measurement error in the positional or 
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characteristics in order to create the DTM as accurately as possible and it enables its further 
improvement by the application of additional data into the model (ground elevations and 
hydrological network). The algorithm is primarily designed for working with contour line 
data and the idea is based on the presumption that the main factors which model the shape 
of the terrain are hydrological processes. Depending on the type of interpolation, it is the 
discrete spline method which allows to model sudden changes in terrain relief. The created 
DTM of 5m spatial resolution serves mainly for satellite data orthorectification, for visual 
interpretation of other data sets and for further modelling. DTM is the key base for the 
Digital Landscape Model and it enables a number of other analyses, such as simple 
determination of categories of gradient and exposition, various landscape studies (visual 
sensitivity of landscape, visual exposure of landscape) or complicated hydrological or 
climatic modelling (Hadas et al., 2008). 

 
2.3 Usage of GPS and testing of accuracy of GPS receivers 
In specific phases of the research programme it was necessary to measure ground control 
points for geometric correction of satellite imagery, to determine exactly boundaries of Dyje 
and Morava floodplains and then to localize boundaries of other objects of interest – 
particularly experimental areas of other institutions. Mapping training sites for classification 
and updating data acquired from other sources was also realized. For these works GPS 
technologies enabling effective collection of thematic data in the field were used. The 
Department of Geoinformation Technologies disposes of a number of GPS receivers, 
ranging from common tourist (navigation) ones, through receivers for GIS applications, to 
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elevation (Z) coordinate is approximately three times higher than the average MSE XY, with 
a substantially greater variance. The application of correction from referential stations 
appears ineffective. The measurements were intentionally carried out in the vegetation 
period, when maximal use of the GPS in the field research is expected, and forest canopy 
consisting of deciduous woody species contains foliage. It can be expected that under 
extreme relief conditions (deep and narrow mountain valleys, ravines and castellated rocks) 
the measuring accuracy may be further reduced; however, such conditions were not subject 
of the research. 

 
2.4 The Lower Morava Biosphere Reserve 
Within the frame of this research program, the Department of Geoinformation Technologies 
cooperates with a number of institutions operating in the given area – the most important 
one is the Lower Morava Biosphere Reserve (LMBR). This reserve is situated in the warmest 
region of the Czech Republic (see Fig. 9). Original Biosphere Reserve Palava originated in 
1986 under authority of UNESCO Man and Biosphere (MAB) programme of ecological 
cooperation. In 2003 in Paris, the MAB International Coordination Committee approved to 
enlarge the Palava Biosphere Reserve by the Lednice-Valtice region and the alluvial forests 
on the confluence of the rivers Morava and Dyje. The reserve connects ecosystems of the 
Palava limestone barrier reef, the lowland alluvial forest (unique in central Europe) on the 
lower reaches of the Kyjovka, Dyje and Morava rivers and the cultural landscape of the 
Lednice-Valtice region. Since August 2004 the Lower Morava Biosphere Reserve Public 
Benefit Corporation became the administrative authority responsible for meeting the 
objectives and fulfilling the functions of the Lower Morava Biosphere Reserve. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. The Lower Morava Biosphere Reserve (LMBR) 
In the Czech Republic it is the very first time that a biosphere reserve was administered by a 

non-governmental organization In the LMBR area there is a number of territories of 
international importance – such as the territory of the Natura 2000 European system, 
protected regions such as the Protected Natural Reserve of Palava, the Lednice-Valtice 
region, the forested wetlands recorded by the Ramsar Convention on Wetlands of 
International Importance, two natural parks (the Dyje flood-plain and the Mikulcice alluvial 
forest) or the Protected region of the Post-tertiary (Quaternary) natural water storage of the 
Morava river. 

 
2.4.1 Land cover map of the Lower Morava Biosphere Reserve 
In order to conserve natural, cultural and aesthetic values of the biosphere reserve, the need 
to create a land cover database for long-term monitoring of landscape changes arise. The 
Department of Geoinformation Technologies has taken over this task as it falls within its 
research program and also owing to cooperation between the Mendel University and the 
LMBR management. The created database of land cover served, apart from already 
mentioned monitoring, also for the creation of a thematic map at scale 1 : 50,000. The chosen 
scale should assure spatial resolution of individual plots up to 0.25 ha (the smallest 
countable area and an area visible on the map). The database and the thematic map will be 
used for non-commercial presentation purposes and also will serve as the basis for future 
multi-criteria and multi-temporal analyses of land cover on the area of the LMBR. 
If a database of precise surface area and positions had to be created for the area of interest, a 
special attention had to be paid both to the accuracy and the topicality of available data 
sources. This is why ZABAGED data (that is the most detailed data source with the most 
frequent updates in the Czech Republic) was chosen as input data, as it was in the case of 
the DTM creation. ZABAGED is a digital geographic (vector and raster) model of the Czech 
Republic that (regarding detail, accuracy and geographic representation) corresponds to the 
Base Map of the Czech Republic at scale 1 : 10,000 (ZM 10) in S-JTSK (or WGS-84 or S-42) 
system of coordinates and at the Baltic altitude system. Although this service has to be paid 
for, it offers safe data - both formally and factually; its use is limited by data supply contract. 
The Czech Office for Surveying, Mapping and Cadastre also provides ZABAGED data free 
of charge (in the limited amount of 10 ZM10 map sheets) for students´ semestral, bachelor 
and diploma works. 
In the frame of our project, processing of the area covered with forest stands was based on 
forest maps and data of the Forest Management Plan (FMP) from the forest enterprise 
Zidlochovice. For needs of evidence of forest species composition, the woodland plots are 
divided into several categories according to the predominant species composition, with the 
smallest unit defined in the specification, regarding also units of forest spatial arrangement 
of the FMP. Forest stands thus can be divided into coniferous and deciduous stands, stands 
with natural species composition, monocultures, plantations, etc. Attribute table of FMP 
database records particular items, such as tree species representation, age, stand density and 
height which enables classification according to detailed (or even changing) requirements. 
Our update of maps and data was based on orthorectified and classified satellite imagery 
(Ikonos panchromatic and multispectral data of 1 m, respective 4 m spatial resolution) 
acquired in the end of 2005. The last phase encompassed the check of problematic places by 
field inspection and surveying (using GPS receivers Trimble GeoXT and ProXH). 
In spite of all these efforts, the topological accuracy of the database and the whole resultant 
map remains doubtful, regarding combination of data from different sources. For example, 
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non-governmental organization In the LMBR area there is a number of territories of 
international importance – such as the territory of the Natura 2000 European system, 
protected regions such as the Protected Natural Reserve of Palava, the Lednice-Valtice 
region, the forested wetlands recorded by the Ramsar Convention on Wetlands of 
International Importance, two natural parks (the Dyje flood-plain and the Mikulcice alluvial 
forest) or the Protected region of the Post-tertiary (Quaternary) natural water storage of the 
Morava river. 

 
2.4.1 Land cover map of the Lower Morava Biosphere Reserve 
In order to conserve natural, cultural and aesthetic values of the biosphere reserve, the need 
to create a land cover database for long-term monitoring of landscape changes arise. The 
Department of Geoinformation Technologies has taken over this task as it falls within its 
research program and also owing to cooperation between the Mendel University and the 
LMBR management. The created database of land cover served, apart from already 
mentioned monitoring, also for the creation of a thematic map at scale 1 : 50,000. The chosen 
scale should assure spatial resolution of individual plots up to 0.25 ha (the smallest 
countable area and an area visible on the map). The database and the thematic map will be 
used for non-commercial presentation purposes and also will serve as the basis for future 
multi-criteria and multi-temporal analyses of land cover on the area of the LMBR. 
If a database of precise surface area and positions had to be created for the area of interest, a 
special attention had to be paid both to the accuracy and the topicality of available data 
sources. This is why ZABAGED data (that is the most detailed data source with the most 
frequent updates in the Czech Republic) was chosen as input data, as it was in the case of 
the DTM creation. ZABAGED is a digital geographic (vector and raster) model of the Czech 
Republic that (regarding detail, accuracy and geographic representation) corresponds to the 
Base Map of the Czech Republic at scale 1 : 10,000 (ZM 10) in S-JTSK (or WGS-84 or S-42) 
system of coordinates and at the Baltic altitude system. Although this service has to be paid 
for, it offers safe data - both formally and factually; its use is limited by data supply contract. 
The Czech Office for Surveying, Mapping and Cadastre also provides ZABAGED data free 
of charge (in the limited amount of 10 ZM10 map sheets) for students´ semestral, bachelor 
and diploma works. 
In the frame of our project, processing of the area covered with forest stands was based on 
forest maps and data of the Forest Management Plan (FMP) from the forest enterprise 
Zidlochovice. For needs of evidence of forest species composition, the woodland plots are 
divided into several categories according to the predominant species composition, with the 
smallest unit defined in the specification, regarding also units of forest spatial arrangement 
of the FMP. Forest stands thus can be divided into coniferous and deciduous stands, stands 
with natural species composition, monocultures, plantations, etc. Attribute table of FMP 
database records particular items, such as tree species representation, age, stand density and 
height which enables classification according to detailed (or even changing) requirements. 
Our update of maps and data was based on orthorectified and classified satellite imagery 
(Ikonos panchromatic and multispectral data of 1 m, respective 4 m spatial resolution) 
acquired in the end of 2005. The last phase encompassed the check of problematic places by 
field inspection and surveying (using GPS receivers Trimble GeoXT and ProXH). 
In spite of all these efforts, the topological accuracy of the database and the whole resultant 
map remains doubtful, regarding combination of data from different sources. For example, 
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lines of forest borders were digitized by a mensurational offices based on the Derived State 
Map 1 : 5,000, and therefore they are not identical with borders of woodland polygons in 
ZABAGED data. The reason rests with both the duplicate data creation in particular 
institutions and different requirements on accuracy of created data sets. When creating 
thematic forest or landscape data we could mention tens of such cases. For illustration: In 
the end of 2006, evaluation of the Czech State administration was carried out by the 
European Union authorities (as part of preparation for the INSPIRE regulation) and it was 
stated that technical facilities for data creation in the Czech Republic are good, but the 
coordination and infrastructure management are very bad, and that the financing of data 
creation is chaotic and unregulated. Thus we can only hope that the implementation of the 
INSPIRE regulation will bring improvement to this field. 
For our project, the LMBR borders were more closely specified in cooperation with the 
management of the reserve, on order to avoid possible problems at the creation of the map 
of land cover (such as omitting a part of the LMBR, or, conversely, including areas outside 
the reserve). After the creation of geodatabase, area of each land cover category in the LMBR 
was computed see Table 1). This information is used for comparing with historical data and 
for periodic updates of land cover map. (It is envisaged that the land cover map updating 
could be harmonized with periodic Forest Management Plan updates). 
The resultant geodatabase and resultant thematic map were printed in mid-2007 and there is 
a possibility that a planned LMBR map server could be based on this data. 
 
Land cover Area [km2] Representation [%] 
Buildings and urban area 4.38 1.2 

Forest stand 137.11 38.6 

Permanent grassland 31.44 8.9 

Garden, orchard and park 12.63 3.6 

Arable land 131.71 37.2 

Other anthropic land 3.85 1.1 

Vineyards 21.70 6.1 

Water area 11.72 3.3 

 354.54 100.0 
Table 1. Representation of main categories of LMBR land cover 

 
2.4.2 Land cover changes analysis of the Biosphere Reserve Lower Morava 
Monitoring of land cover changes based on old maps is usually done in several steps. The 
first one is digitization (or scanning) followed by geo-referencing of these maps. The second 
step is the derivation of mutually comparable vector layers from scanned and georeferenced 
maps. For manual vectorization several methods can be used. One of them is the method of 
“stepwise interpretation”, another is the method of “backward interpretation” (Skokanova, 
2008). The third step of monitoring the land cover change is the analysis of individual vector 
layers and layers created by their overlay. This enables the interpretation of changes made 

during period under observation. 
A phase which is often underestimated in similar multi-temporal analyses is a mutual 
positional integration of the used layers (it concerns keeping identical borders of individual 
landscape types for the whole observed period). The integrity of the layers is a basic element 
in the resultant accuracy analysis, especially when maps of larger scales are processed. For 
the LMBR area, available data from five time periods (approximately from 1840, 1880, 1950, 
1990 and 2006) was created by stepwise vectorization in the ESRI shapefile format (Malach, 
2009). 
Regarding the LMBR land cover, the method of automated geometric integration of vector 
layers was verified. It tries to imitate the process of backward vectorization, while it uses 
data obtained by stepwise vectorization that are simultaneously corrected. For this purpose 
a special toolbox „Land use change“ was created in ESRI ArcGIS Desktop, whose core is 
compound by tools „Layer Integrator“ and „Change Analysis“. The tools were created as 
models in application Model Builder so that the result is a sequence of tools contained in 
ESRI ArcInfo 9.3 functionality (Malach, 2009). 
Like backward vectorization, the system of layer integration is also based on the most 
accurate layout vector layer representing current land use. Based on this layer, a layer from 
the previous period is integrated, and a layer from the next period, based on the newly 
created one (already integrated previous layer) is adjusted. Like that, the principle of 
automated geometric integration depends on the overlay of two time-contiguous layers (by 
means of the Union tool) that operates until all layers are processed. In the first phase, the 
Layer Integrator searches for all polygons in a combined layer that were created by the 
overlay and that can be, according to their parameters, considered as sliver polygons. These 
are polygons that do not represent a real change in land cover but were created as a result of 
different position of identical borders. This phase is crucial and its realization is based on the 
size of the created polygon and on other proportional characteristics (the ratio of perimeter 
and area, the ratio of the polygon area and area of a circle with the same perimeter). By 
means of the Dissolve tool it is possible to divide the borders of the polygons and, based on 
the attribute, a new layer free of detected sliver polygons is obtained. 
The second tool called Change Analysis serves for creating land cover change maps. It 
enables to determine stable and unstable areas from the outputs of the Layer Integrator tool. 
The principle of the Change Analysis tool is again in the overlay of the Union type where all 
layers for the observed period are combined. Based on the differences of the land cover type 
codes, a field called Changes is created. The Changes field contains a value reflecting 
number of changes in the land use which took place on the given polygon. 
From results verified on the LMBR area we can conclude that the outputs obtained with 
Layer Integrator tool are more similar to the data derived by means of the method of 
backward vectorization. The ability of the Layer Integrator to correct the geometry of the 
borders logically depends on the extent of mutual similarity of map sets from which the 
vector layers were derived. The crucial part here is played by the quality and the scale of the 
original surveying as well as the quality of digitization and georeferencing. Layer Integrator 
is able to correct the extent of position shifts that are limited by defined parameters of sliver 
polygons. 
In relation to stepwise vectorization data, Layer Integrator outputs preserve a comparable 
relative area representation of particular land cover types. From this characteristic we can 
deduce that by the correction of the layers obtained by means of stepwise vectorization in 
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lines of forest borders were digitized by a mensurational offices based on the Derived State 
Map 1 : 5,000, and therefore they are not identical with borders of woodland polygons in 
ZABAGED data. The reason rests with both the duplicate data creation in particular 
institutions and different requirements on accuracy of created data sets. When creating 
thematic forest or landscape data we could mention tens of such cases. For illustration: In 
the end of 2006, evaluation of the Czech State administration was carried out by the 
European Union authorities (as part of preparation for the INSPIRE regulation) and it was 
stated that technical facilities for data creation in the Czech Republic are good, but the 
coordination and infrastructure management are very bad, and that the financing of data 
creation is chaotic and unregulated. Thus we can only hope that the implementation of the 
INSPIRE regulation will bring improvement to this field. 
For our project, the LMBR borders were more closely specified in cooperation with the 
management of the reserve, on order to avoid possible problems at the creation of the map 
of land cover (such as omitting a part of the LMBR, or, conversely, including areas outside 
the reserve). After the creation of geodatabase, area of each land cover category in the LMBR 
was computed see Table 1). This information is used for comparing with historical data and 
for periodic updates of land cover map. (It is envisaged that the land cover map updating 
could be harmonized with periodic Forest Management Plan updates). 
The resultant geodatabase and resultant thematic map were printed in mid-2007 and there is 
a possibility that a planned LMBR map server could be based on this data. 
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maps. For manual vectorization several methods can be used. One of them is the method of 
“stepwise interpretation”, another is the method of “backward interpretation” (Skokanova, 
2008). The third step of monitoring the land cover change is the analysis of individual vector 
layers and layers created by their overlay. This enables the interpretation of changes made 

during period under observation. 
A phase which is often underestimated in similar multi-temporal analyses is a mutual 
positional integration of the used layers (it concerns keeping identical borders of individual 
landscape types for the whole observed period). The integrity of the layers is a basic element 
in the resultant accuracy analysis, especially when maps of larger scales are processed. For 
the LMBR area, available data from five time periods (approximately from 1840, 1880, 1950, 
1990 and 2006) was created by stepwise vectorization in the ESRI shapefile format (Malach, 
2009). 
Regarding the LMBR land cover, the method of automated geometric integration of vector 
layers was verified. It tries to imitate the process of backward vectorization, while it uses 
data obtained by stepwise vectorization that are simultaneously corrected. For this purpose 
a special toolbox „Land use change“ was created in ESRI ArcGIS Desktop, whose core is 
compound by tools „Layer Integrator“ and „Change Analysis“. The tools were created as 
models in application Model Builder so that the result is a sequence of tools contained in 
ESRI ArcInfo 9.3 functionality (Malach, 2009). 
Like backward vectorization, the system of layer integration is also based on the most 
accurate layout vector layer representing current land use. Based on this layer, a layer from 
the previous period is integrated, and a layer from the next period, based on the newly 
created one (already integrated previous layer) is adjusted. Like that, the principle of 
automated geometric integration depends on the overlay of two time-contiguous layers (by 
means of the Union tool) that operates until all layers are processed. In the first phase, the 
Layer Integrator searches for all polygons in a combined layer that were created by the 
overlay and that can be, according to their parameters, considered as sliver polygons. These 
are polygons that do not represent a real change in land cover but were created as a result of 
different position of identical borders. This phase is crucial and its realization is based on the 
size of the created polygon and on other proportional characteristics (the ratio of perimeter 
and area, the ratio of the polygon area and area of a circle with the same perimeter). By 
means of the Dissolve tool it is possible to divide the borders of the polygons and, based on 
the attribute, a new layer free of detected sliver polygons is obtained. 
The second tool called Change Analysis serves for creating land cover change maps. It 
enables to determine stable and unstable areas from the outputs of the Layer Integrator tool. 
The principle of the Change Analysis tool is again in the overlay of the Union type where all 
layers for the observed period are combined. Based on the differences of the land cover type 
codes, a field called Changes is created. The Changes field contains a value reflecting 
number of changes in the land use which took place on the given polygon. 
From results verified on the LMBR area we can conclude that the outputs obtained with 
Layer Integrator tool are more similar to the data derived by means of the method of 
backward vectorization. The ability of the Layer Integrator to correct the geometry of the 
borders logically depends on the extent of mutual similarity of map sets from which the 
vector layers were derived. The crucial part here is played by the quality and the scale of the 
original surveying as well as the quality of digitization and georeferencing. Layer Integrator 
is able to correct the extent of position shifts that are limited by defined parameters of sliver 
polygons. 
In relation to stepwise vectorization data, Layer Integrator outputs preserve a comparable 
relative area representation of particular land cover types. From this characteristic we can 
deduce that by the correction of the layers obtained by means of stepwise vectorization in 
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lines of forest borders were digitized by a mensurational offices based on the Derived State 
Map 1 : 5,000, and therefore they are not identical with borders of woodland polygons in 
ZABAGED data. The reason rests with both the duplicate data creation in particular 
institutions and different requirements on accuracy of created data sets. When creating 
thematic forest or landscape data we could mention tens of such cases. For illustration: In 
the end of 2006, evaluation of the Czech State administration was carried out by the 
European Union authorities (as part of preparation for the INSPIRE regulation) and it was 
stated that technical facilities for data creation in the Czech Republic are good, but the 
coordination and infrastructure management are very bad, and that the financing of data 
creation is chaotic and unregulated. Thus we can only hope that the implementation of the 
INSPIRE regulation will bring improvement to this field. 
For our project, the LMBR borders were more closely specified in cooperation with the 
management of the reserve, on order to avoid possible problems at the creation of the map 
of land cover (such as omitting a part of the LMBR, or, conversely, including areas outside 
the reserve). After the creation of geodatabase, area of each land cover category in the LMBR 
was computed see Table 1). This information is used for comparing with historical data and 
for periodic updates of land cover map. (It is envisaged that the land cover map updating 
could be harmonized with periodic Forest Management Plan updates). 
The resultant geodatabase and resultant thematic map were printed in mid-2007 and there is 
a possibility that a planned LMBR map server could be based on this data. 
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maps. For manual vectorization several methods can be used. One of them is the method of 
“stepwise interpretation”, another is the method of “backward interpretation” (Skokanova, 
2008). The third step of monitoring the land cover change is the analysis of individual vector 
layers and layers created by their overlay. This enables the interpretation of changes made 

during period under observation. 
A phase which is often underestimated in similar multi-temporal analyses is a mutual 
positional integration of the used layers (it concerns keeping identical borders of individual 
landscape types for the whole observed period). The integrity of the layers is a basic element 
in the resultant accuracy analysis, especially when maps of larger scales are processed. For 
the LMBR area, available data from five time periods (approximately from 1840, 1880, 1950, 
1990 and 2006) was created by stepwise vectorization in the ESRI shapefile format (Malach, 
2009). 
Regarding the LMBR land cover, the method of automated geometric integration of vector 
layers was verified. It tries to imitate the process of backward vectorization, while it uses 
data obtained by stepwise vectorization that are simultaneously corrected. For this purpose 
a special toolbox „Land use change“ was created in ESRI ArcGIS Desktop, whose core is 
compound by tools „Layer Integrator“ and „Change Analysis“. The tools were created as 
models in application Model Builder so that the result is a sequence of tools contained in 
ESRI ArcInfo 9.3 functionality (Malach, 2009). 
Like backward vectorization, the system of layer integration is also based on the most 
accurate layout vector layer representing current land use. Based on this layer, a layer from 
the previous period is integrated, and a layer from the next period, based on the newly 
created one (already integrated previous layer) is adjusted. Like that, the principle of 
automated geometric integration depends on the overlay of two time-contiguous layers (by 
means of the Union tool) that operates until all layers are processed. In the first phase, the 
Layer Integrator searches for all polygons in a combined layer that were created by the 
overlay and that can be, according to their parameters, considered as sliver polygons. These 
are polygons that do not represent a real change in land cover but were created as a result of 
different position of identical borders. This phase is crucial and its realization is based on the 
size of the created polygon and on other proportional characteristics (the ratio of perimeter 
and area, the ratio of the polygon area and area of a circle with the same perimeter). By 
means of the Dissolve tool it is possible to divide the borders of the polygons and, based on 
the attribute, a new layer free of detected sliver polygons is obtained. 
The second tool called Change Analysis serves for creating land cover change maps. It 
enables to determine stable and unstable areas from the outputs of the Layer Integrator tool. 
The principle of the Change Analysis tool is again in the overlay of the Union type where all 
layers for the observed period are combined. Based on the differences of the land cover type 
codes, a field called Changes is created. The Changes field contains a value reflecting 
number of changes in the land use which took place on the given polygon. 
From results verified on the LMBR area we can conclude that the outputs obtained with 
Layer Integrator tool are more similar to the data derived by means of the method of 
backward vectorization. The ability of the Layer Integrator to correct the geometry of the 
borders logically depends on the extent of mutual similarity of map sets from which the 
vector layers were derived. The crucial part here is played by the quality and the scale of the 
original surveying as well as the quality of digitization and georeferencing. Layer Integrator 
is able to correct the extent of position shifts that are limited by defined parameters of sliver 
polygons. 
In relation to stepwise vectorization data, Layer Integrator outputs preserve a comparable 
relative area representation of particular land cover types. From this characteristic we can 
deduce that by the correction of the layers obtained by means of stepwise vectorization in 
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lines of forest borders were digitized by a mensurational offices based on the Derived State 
Map 1 : 5,000, and therefore they are not identical with borders of woodland polygons in 
ZABAGED data. The reason rests with both the duplicate data creation in particular 
institutions and different requirements on accuracy of created data sets. When creating 
thematic forest or landscape data we could mention tens of such cases. For illustration: In 
the end of 2006, evaluation of the Czech State administration was carried out by the 
European Union authorities (as part of preparation for the INSPIRE regulation) and it was 
stated that technical facilities for data creation in the Czech Republic are good, but the 
coordination and infrastructure management are very bad, and that the financing of data 
creation is chaotic and unregulated. Thus we can only hope that the implementation of the 
INSPIRE regulation will bring improvement to this field. 
For our project, the LMBR borders were more closely specified in cooperation with the 
management of the reserve, on order to avoid possible problems at the creation of the map 
of land cover (such as omitting a part of the LMBR, or, conversely, including areas outside 
the reserve). After the creation of geodatabase, area of each land cover category in the LMBR 
was computed see Table 1). This information is used for comparing with historical data and 
for periodic updates of land cover map. (It is envisaged that the land cover map updating 
could be harmonized with periodic Forest Management Plan updates). 
The resultant geodatabase and resultant thematic map were printed in mid-2007 and there is 
a possibility that a planned LMBR map server could be based on this data. 
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maps. For manual vectorization several methods can be used. One of them is the method of 
“stepwise interpretation”, another is the method of “backward interpretation” (Skokanova, 
2008). The third step of monitoring the land cover change is the analysis of individual vector 
layers and layers created by their overlay. This enables the interpretation of changes made 

during period under observation. 
A phase which is often underestimated in similar multi-temporal analyses is a mutual 
positional integration of the used layers (it concerns keeping identical borders of individual 
landscape types for the whole observed period). The integrity of the layers is a basic element 
in the resultant accuracy analysis, especially when maps of larger scales are processed. For 
the LMBR area, available data from five time periods (approximately from 1840, 1880, 1950, 
1990 and 2006) was created by stepwise vectorization in the ESRI shapefile format (Malach, 
2009). 
Regarding the LMBR land cover, the method of automated geometric integration of vector 
layers was verified. It tries to imitate the process of backward vectorization, while it uses 
data obtained by stepwise vectorization that are simultaneously corrected. For this purpose 
a special toolbox „Land use change“ was created in ESRI ArcGIS Desktop, whose core is 
compound by tools „Layer Integrator“ and „Change Analysis“. The tools were created as 
models in application Model Builder so that the result is a sequence of tools contained in 
ESRI ArcInfo 9.3 functionality (Malach, 2009). 
Like backward vectorization, the system of layer integration is also based on the most 
accurate layout vector layer representing current land use. Based on this layer, a layer from 
the previous period is integrated, and a layer from the next period, based on the newly 
created one (already integrated previous layer) is adjusted. Like that, the principle of 
automated geometric integration depends on the overlay of two time-contiguous layers (by 
means of the Union tool) that operates until all layers are processed. In the first phase, the 
Layer Integrator searches for all polygons in a combined layer that were created by the 
overlay and that can be, according to their parameters, considered as sliver polygons. These 
are polygons that do not represent a real change in land cover but were created as a result of 
different position of identical borders. This phase is crucial and its realization is based on the 
size of the created polygon and on other proportional characteristics (the ratio of perimeter 
and area, the ratio of the polygon area and area of a circle with the same perimeter). By 
means of the Dissolve tool it is possible to divide the borders of the polygons and, based on 
the attribute, a new layer free of detected sliver polygons is obtained. 
The second tool called Change Analysis serves for creating land cover change maps. It 
enables to determine stable and unstable areas from the outputs of the Layer Integrator tool. 
The principle of the Change Analysis tool is again in the overlay of the Union type where all 
layers for the observed period are combined. Based on the differences of the land cover type 
codes, a field called Changes is created. The Changes field contains a value reflecting 
number of changes in the land use which took place on the given polygon. 
From results verified on the LMBR area we can conclude that the outputs obtained with 
Layer Integrator tool are more similar to the data derived by means of the method of 
backward vectorization. The ability of the Layer Integrator to correct the geometry of the 
borders logically depends on the extent of mutual similarity of map sets from which the 
vector layers were derived. The crucial part here is played by the quality and the scale of the 
original surveying as well as the quality of digitization and georeferencing. Layer Integrator 
is able to correct the extent of position shifts that are limited by defined parameters of sliver 
polygons. 
In relation to stepwise vectorization data, Layer Integrator outputs preserve a comparable 
relative area representation of particular land cover types. From this characteristic we can 
deduce that by the correction of the layers obtained by means of stepwise vectorization in 
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Layer Integrator tool, dramatic changes in the landscape structure do not occur. Statistical 
information carried by the original layers is thus well preserved. More accurate individual 
layers of stepwise vectorization naturally result in a more accurate map of land cover 
changes number that was created by layer overlay for the observed period. By the correction 
of layers using the Layer Integrator tool, the occurrence of sliver polygons was reduced 
almost four times during the creation of the land use change map for the whole LMBR area; 
this result indicates that these polygons were correctly localized. The difference in the land 
cover change maps obtained from the Layer Integrator outputs in comparison with the 
maps derived from stepwise vectorization data is noticeable also from the relative 
representation of stable and unstable areas. 
The Layer Integrator tool thus well serves for the mutual geometric integration of vector 
layers. It uses layers obtained by means of stepwise vectorization as source data that are 
mutually compared and corrected. The aim is to preserve the most accurate position of 
identical borders over all the period of regarded time series; its function is limited by the 
extent of mutual position shift in source layers. For the LMBR area, especially for layers 
derived from maps of the 2nd (1840) and 3rd (1880) military surveying there are position 
shifts which the developed algorithm is unable to solve efficiently. There are also problems 
with polygons of a relatively large area connected with a sliver polygon. The present 
algorithm is unable to recognize and mark these polygons as slivers and this fault may give 
rise to new slivers. Throughout the layer integration it is therefore advisable to check the 
outputs visually and to remove mistakes, if necessary. This concerned also the water area 
land cover type that represents an important landscape element in the observed area. The 
results obtained confirm that the Layer Integrator tool represents a suitable tool for the 
multi-temporal land cover change analyses. 

 
2.4.3 Visual exposure of the Lower Morava Biosphere Reserve landscape 
Analyses of visibility belong to basic operations of specific geomorphometry at digital 
terrain model analyses and they use also data about objects on relief surface. Determining 
visual exposure differs from the analysis of visibility in a fact that it takes into consideration 
the human factor – a visually exposed area is exposed to the perception of an observer. Such 
analysis can thus serve as an additional tool for the classification of landscape character of 
an area a. Delimitation of visual horizons and determining their protected zones can be used 
as a quite practical result because changes in visually exposed areas have a large impact on 
cultural, historical and aesthetic value of the area. 
For the evaluation of visual exposure, the crucial thing is the choice of input point field, which 
defines places the area is observed from. For the LMBR area, data in two alternative versions was 
used (Kuchynkova & Mikita, 2009). Initially (1) the data was generated in regular raster of 500 x 
500 m and then (2) dots were used, representing places where people usually move over the area - 
that is all types of highways, roads, tourist routes, view points, urban areas, neighbourhood of 
water areas, gardens and orchards. The whole algorithm was processed in ESRI ArcGIS Desktop 
and five categories of visual exposure were determined (very low, low, average, high and very 
high). The DTM with the overlap of 5km behind the boundary of the modelled area was used as 
basic analytic raster; it was necessary to complete it by adding heights of objects on the surface. In 
order to create the whole model, it was necessary to make several simplifications. Data from the 
map of land cover was also used together with its database where mensurational data for forest 
stands are stored. Here each stand group has a height attribute of the most frequently represented 
tree species; this was used for the model. Heights of other objects were not investigated for each 

particular element but were assigned an average value (e.g. 20 m for individually standing 
trees and 10 m for buildings). The digital surface model (DSM) this way created was 
analysed by means of Viewshed tool and a value of how many times a given pixel is seen 
from the sites of an observer was recorded in the resultant raster. In the alternative version 
where the input point field was a regular raster, higher values in of visual exposure 
categories were reached. 
From the result described it follows that the first alternative is suitable for a preventive 
evaluation of visual exposure, while the second alternative represents better real landscape 
structure and it is more suitable for case studies of landscape changes (Kuchynkova & 
Mikita, 2009). The whole process can be effectively written as a macro or script and the 
model may be completed with other additional data, depending on the range of the area 
under observation and on available data sets (heights of objects or directly DSM from 
photogrammetric methods or laser scanning). 

 
2.5 Geodatabase approach and Digital Landscape Model 
For the correct functioning of the Digital Landscape Mode (DLM) it is necessary to get a 
large and above all the topologically accurate database of the area of interest. It is created by 
number of input data integrated into form of 3 layers – natural background, anthropogenic 
environment and a layer of development limits (see Fig. 10). Creating the layer of natural 
background is a very demanding process. This layer consists of following data components: 
geologic and soil map, forest type map and a map of classified soil-ecological units (in Czech 
BPEJ). Due to considerable generalization of the geological map and the soil map, the first 
task in this stage of our project was to re-make these maps in order to correspond as 
accurately as possible to real conditions. The created digital geologic and soil map was 
therefore re-made upon the Base Map of the Czech Republic 1 : 10,000 and ZABAGED data; 
terrain singularities were taken into consideration, so that the resulting map could be used 
for consequent data integration. Layers of anthropogenic impact and development limits 
were created using land cover plans of concerned villages. When data integration is 
completed and database updated, it is possible to carry out various spatial analyses and 
syntheses, e.g. the search for non-forest areas suitable for forestation that might be one of 
final results of our research project. 
The Czech Republic disposes of detailed land documentation concerning both natural 
environment and socio-economic domain. The products of environmental thematic 
mapping are analytical (thematic) maps of particular elements of nature. Although 
parameters of the represented elements are always in mutual harmony in nature, in GIS it 
may happen that when the maps are overlaid, the expected concordance of thematic layers 
is quite delusive. This way a lot of combinations of individual parameters may come into 
existence that is impossible in nature. These problems may be avoided by logical integration 
of the data during construction of the Digital Landscape Model. Such DLM should only 
contain homogeneous multi-parametric areas such as typological natural (as well as 
anthropogenic) landscape elements with mutually well combined natural characteristics and 
human impact. From the formal point of view, DLM thus contains logically (not only by 
scale, format, projection or definition) integrated data layers representing newly conceived 
database where there is a low number of poly-thematic layers and the digital terrain model 
instead of great amount of overlaid mono-thematic data layers (Kolejka et al., 2003). 
Following poly-attribute DLM layers then suffice for many tasks of spatial analyses and 
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Layer Integrator tool, dramatic changes in the landscape structure do not occur. Statistical 
information carried by the original layers is thus well preserved. More accurate individual 
layers of stepwise vectorization naturally result in a more accurate map of land cover 
changes number that was created by layer overlay for the observed period. By the correction 
of layers using the Layer Integrator tool, the occurrence of sliver polygons was reduced 
almost four times during the creation of the land use change map for the whole LMBR area; 
this result indicates that these polygons were correctly localized. The difference in the land 
cover change maps obtained from the Layer Integrator outputs in comparison with the 
maps derived from stepwise vectorization data is noticeable also from the relative 
representation of stable and unstable areas. 
The Layer Integrator tool thus well serves for the mutual geometric integration of vector 
layers. It uses layers obtained by means of stepwise vectorization as source data that are 
mutually compared and corrected. The aim is to preserve the most accurate position of 
identical borders over all the period of regarded time series; its function is limited by the 
extent of mutual position shift in source layers. For the LMBR area, especially for layers 
derived from maps of the 2nd (1840) and 3rd (1880) military surveying there are position 
shifts which the developed algorithm is unable to solve efficiently. There are also problems 
with polygons of a relatively large area connected with a sliver polygon. The present 
algorithm is unable to recognize and mark these polygons as slivers and this fault may give 
rise to new slivers. Throughout the layer integration it is therefore advisable to check the 
outputs visually and to remove mistakes, if necessary. This concerned also the water area 
land cover type that represents an important landscape element in the observed area. The 
results obtained confirm that the Layer Integrator tool represents a suitable tool for the 
multi-temporal land cover change analyses. 

 
2.4.3 Visual exposure of the Lower Morava Biosphere Reserve landscape 
Analyses of visibility belong to basic operations of specific geomorphometry at digital 
terrain model analyses and they use also data about objects on relief surface. Determining 
visual exposure differs from the analysis of visibility in a fact that it takes into consideration 
the human factor – a visually exposed area is exposed to the perception of an observer. Such 
analysis can thus serve as an additional tool for the classification of landscape character of 
an area a. Delimitation of visual horizons and determining their protected zones can be used 
as a quite practical result because changes in visually exposed areas have a large impact on 
cultural, historical and aesthetic value of the area. 
For the evaluation of visual exposure, the crucial thing is the choice of input point field, which 
defines places the area is observed from. For the LMBR area, data in two alternative versions was 
used (Kuchynkova & Mikita, 2009). Initially (1) the data was generated in regular raster of 500 x 
500 m and then (2) dots were used, representing places where people usually move over the area - 
that is all types of highways, roads, tourist routes, view points, urban areas, neighbourhood of 
water areas, gardens and orchards. The whole algorithm was processed in ESRI ArcGIS Desktop 
and five categories of visual exposure were determined (very low, low, average, high and very 
high). The DTM with the overlap of 5km behind the boundary of the modelled area was used as 
basic analytic raster; it was necessary to complete it by adding heights of objects on the surface. In 
order to create the whole model, it was necessary to make several simplifications. Data from the 
map of land cover was also used together with its database where mensurational data for forest 
stands are stored. Here each stand group has a height attribute of the most frequently represented 
tree species; this was used for the model. Heights of other objects were not investigated for each 

particular element but were assigned an average value (e.g. 20 m for individually standing 
trees and 10 m for buildings). The digital surface model (DSM) this way created was 
analysed by means of Viewshed tool and a value of how many times a given pixel is seen 
from the sites of an observer was recorded in the resultant raster. In the alternative version 
where the input point field was a regular raster, higher values in of visual exposure 
categories were reached. 
From the result described it follows that the first alternative is suitable for a preventive 
evaluation of visual exposure, while the second alternative represents better real landscape 
structure and it is more suitable for case studies of landscape changes (Kuchynkova & 
Mikita, 2009). The whole process can be effectively written as a macro or script and the 
model may be completed with other additional data, depending on the range of the area 
under observation and on available data sets (heights of objects or directly DSM from 
photogrammetric methods or laser scanning). 

 
2.5 Geodatabase approach and Digital Landscape Model 
For the correct functioning of the Digital Landscape Mode (DLM) it is necessary to get a 
large and above all the topologically accurate database of the area of interest. It is created by 
number of input data integrated into form of 3 layers – natural background, anthropogenic 
environment and a layer of development limits (see Fig. 10). Creating the layer of natural 
background is a very demanding process. This layer consists of following data components: 
geologic and soil map, forest type map and a map of classified soil-ecological units (in Czech 
BPEJ). Due to considerable generalization of the geological map and the soil map, the first 
task in this stage of our project was to re-make these maps in order to correspond as 
accurately as possible to real conditions. The created digital geologic and soil map was 
therefore re-made upon the Base Map of the Czech Republic 1 : 10,000 and ZABAGED data; 
terrain singularities were taken into consideration, so that the resulting map could be used 
for consequent data integration. Layers of anthropogenic impact and development limits 
were created using land cover plans of concerned villages. When data integration is 
completed and database updated, it is possible to carry out various spatial analyses and 
syntheses, e.g. the search for non-forest areas suitable for forestation that might be one of 
final results of our research project. 
The Czech Republic disposes of detailed land documentation concerning both natural 
environment and socio-economic domain. The products of environmental thematic 
mapping are analytical (thematic) maps of particular elements of nature. Although 
parameters of the represented elements are always in mutual harmony in nature, in GIS it 
may happen that when the maps are overlaid, the expected concordance of thematic layers 
is quite delusive. This way a lot of combinations of individual parameters may come into 
existence that is impossible in nature. These problems may be avoided by logical integration 
of the data during construction of the Digital Landscape Model. Such DLM should only 
contain homogeneous multi-parametric areas such as typological natural (as well as 
anthropogenic) landscape elements with mutually well combined natural characteristics and 
human impact. From the formal point of view, DLM thus contains logically (not only by 
scale, format, projection or definition) integrated data layers representing newly conceived 
database where there is a low number of poly-thematic layers and the digital terrain model 
instead of great amount of overlaid mono-thematic data layers (Kolejka et al., 2003). 
Following poly-attribute DLM layers then suffice for many tasks of spatial analyses and 



New	Achievements	in	Technology,	Education	and	Development168

Layer Integrator tool, dramatic changes in the landscape structure do not occur. Statistical 
information carried by the original layers is thus well preserved. More accurate individual 
layers of stepwise vectorization naturally result in a more accurate map of land cover 
changes number that was created by layer overlay for the observed period. By the correction 
of layers using the Layer Integrator tool, the occurrence of sliver polygons was reduced 
almost four times during the creation of the land use change map for the whole LMBR area; 
this result indicates that these polygons were correctly localized. The difference in the land 
cover change maps obtained from the Layer Integrator outputs in comparison with the 
maps derived from stepwise vectorization data is noticeable also from the relative 
representation of stable and unstable areas. 
The Layer Integrator tool thus well serves for the mutual geometric integration of vector 
layers. It uses layers obtained by means of stepwise vectorization as source data that are 
mutually compared and corrected. The aim is to preserve the most accurate position of 
identical borders over all the period of regarded time series; its function is limited by the 
extent of mutual position shift in source layers. For the LMBR area, especially for layers 
derived from maps of the 2nd (1840) and 3rd (1880) military surveying there are position 
shifts which the developed algorithm is unable to solve efficiently. There are also problems 
with polygons of a relatively large area connected with a sliver polygon. The present 
algorithm is unable to recognize and mark these polygons as slivers and this fault may give 
rise to new slivers. Throughout the layer integration it is therefore advisable to check the 
outputs visually and to remove mistakes, if necessary. This concerned also the water area 
land cover type that represents an important landscape element in the observed area. The 
results obtained confirm that the Layer Integrator tool represents a suitable tool for the 
multi-temporal land cover change analyses. 

 
2.4.3 Visual exposure of the Lower Morava Biosphere Reserve landscape 
Analyses of visibility belong to basic operations of specific geomorphometry at digital 
terrain model analyses and they use also data about objects on relief surface. Determining 
visual exposure differs from the analysis of visibility in a fact that it takes into consideration 
the human factor – a visually exposed area is exposed to the perception of an observer. Such 
analysis can thus serve as an additional tool for the classification of landscape character of 
an area a. Delimitation of visual horizons and determining their protected zones can be used 
as a quite practical result because changes in visually exposed areas have a large impact on 
cultural, historical and aesthetic value of the area. 
For the evaluation of visual exposure, the crucial thing is the choice of input point field, which 
defines places the area is observed from. For the LMBR area, data in two alternative versions was 
used (Kuchynkova & Mikita, 2009). Initially (1) the data was generated in regular raster of 500 x 
500 m and then (2) dots were used, representing places where people usually move over the area - 
that is all types of highways, roads, tourist routes, view points, urban areas, neighbourhood of 
water areas, gardens and orchards. The whole algorithm was processed in ESRI ArcGIS Desktop 
and five categories of visual exposure were determined (very low, low, average, high and very 
high). The DTM with the overlap of 5km behind the boundary of the modelled area was used as 
basic analytic raster; it was necessary to complete it by adding heights of objects on the surface. In 
order to create the whole model, it was necessary to make several simplifications. Data from the 
map of land cover was also used together with its database where mensurational data for forest 
stands are stored. Here each stand group has a height attribute of the most frequently represented 
tree species; this was used for the model. Heights of other objects were not investigated for each 

particular element but were assigned an average value (e.g. 20 m for individually standing 
trees and 10 m for buildings). The digital surface model (DSM) this way created was 
analysed by means of Viewshed tool and a value of how many times a given pixel is seen 
from the sites of an observer was recorded in the resultant raster. In the alternative version 
where the input point field was a regular raster, higher values in of visual exposure 
categories were reached. 
From the result described it follows that the first alternative is suitable for a preventive 
evaluation of visual exposure, while the second alternative represents better real landscape 
structure and it is more suitable for case studies of landscape changes (Kuchynkova & 
Mikita, 2009). The whole process can be effectively written as a macro or script and the 
model may be completed with other additional data, depending on the range of the area 
under observation and on available data sets (heights of objects or directly DSM from 
photogrammetric methods or laser scanning). 

 
2.5 Geodatabase approach and Digital Landscape Model 
For the correct functioning of the Digital Landscape Mode (DLM) it is necessary to get a 
large and above all the topologically accurate database of the area of interest. It is created by 
number of input data integrated into form of 3 layers – natural background, anthropogenic 
environment and a layer of development limits (see Fig. 10). Creating the layer of natural 
background is a very demanding process. This layer consists of following data components: 
geologic and soil map, forest type map and a map of classified soil-ecological units (in Czech 
BPEJ). Due to considerable generalization of the geological map and the soil map, the first 
task in this stage of our project was to re-make these maps in order to correspond as 
accurately as possible to real conditions. The created digital geologic and soil map was 
therefore re-made upon the Base Map of the Czech Republic 1 : 10,000 and ZABAGED data; 
terrain singularities were taken into consideration, so that the resulting map could be used 
for consequent data integration. Layers of anthropogenic impact and development limits 
were created using land cover plans of concerned villages. When data integration is 
completed and database updated, it is possible to carry out various spatial analyses and 
syntheses, e.g. the search for non-forest areas suitable for forestation that might be one of 
final results of our research project. 
The Czech Republic disposes of detailed land documentation concerning both natural 
environment and socio-economic domain. The products of environmental thematic 
mapping are analytical (thematic) maps of particular elements of nature. Although 
parameters of the represented elements are always in mutual harmony in nature, in GIS it 
may happen that when the maps are overlaid, the expected concordance of thematic layers 
is quite delusive. This way a lot of combinations of individual parameters may come into 
existence that is impossible in nature. These problems may be avoided by logical integration 
of the data during construction of the Digital Landscape Model. Such DLM should only 
contain homogeneous multi-parametric areas such as typological natural (as well as 
anthropogenic) landscape elements with mutually well combined natural characteristics and 
human impact. From the formal point of view, DLM thus contains logically (not only by 
scale, format, projection or definition) integrated data layers representing newly conceived 
database where there is a low number of poly-thematic layers and the digital terrain model 
instead of great amount of overlaid mono-thematic data layers (Kolejka et al., 2003). 
Following poly-attribute DLM layers then suffice for many tasks of spatial analyses and 
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Layer Integrator tool, dramatic changes in the landscape structure do not occur. Statistical 
information carried by the original layers is thus well preserved. More accurate individual 
layers of stepwise vectorization naturally result in a more accurate map of land cover 
changes number that was created by layer overlay for the observed period. By the correction 
of layers using the Layer Integrator tool, the occurrence of sliver polygons was reduced 
almost four times during the creation of the land use change map for the whole LMBR area; 
this result indicates that these polygons were correctly localized. The difference in the land 
cover change maps obtained from the Layer Integrator outputs in comparison with the 
maps derived from stepwise vectorization data is noticeable also from the relative 
representation of stable and unstable areas. 
The Layer Integrator tool thus well serves for the mutual geometric integration of vector 
layers. It uses layers obtained by means of stepwise vectorization as source data that are 
mutually compared and corrected. The aim is to preserve the most accurate position of 
identical borders over all the period of regarded time series; its function is limited by the 
extent of mutual position shift in source layers. For the LMBR area, especially for layers 
derived from maps of the 2nd (1840) and 3rd (1880) military surveying there are position 
shifts which the developed algorithm is unable to solve efficiently. There are also problems 
with polygons of a relatively large area connected with a sliver polygon. The present 
algorithm is unable to recognize and mark these polygons as slivers and this fault may give 
rise to new slivers. Throughout the layer integration it is therefore advisable to check the 
outputs visually and to remove mistakes, if necessary. This concerned also the water area 
land cover type that represents an important landscape element in the observed area. The 
results obtained confirm that the Layer Integrator tool represents a suitable tool for the 
multi-temporal land cover change analyses. 

 
2.4.3 Visual exposure of the Lower Morava Biosphere Reserve landscape 
Analyses of visibility belong to basic operations of specific geomorphometry at digital 
terrain model analyses and they use also data about objects on relief surface. Determining 
visual exposure differs from the analysis of visibility in a fact that it takes into consideration 
the human factor – a visually exposed area is exposed to the perception of an observer. Such 
analysis can thus serve as an additional tool for the classification of landscape character of 
an area a. Delimitation of visual horizons and determining their protected zones can be used 
as a quite practical result because changes in visually exposed areas have a large impact on 
cultural, historical and aesthetic value of the area. 
For the evaluation of visual exposure, the crucial thing is the choice of input point field, which 
defines places the area is observed from. For the LMBR area, data in two alternative versions was 
used (Kuchynkova & Mikita, 2009). Initially (1) the data was generated in regular raster of 500 x 
500 m and then (2) dots were used, representing places where people usually move over the area - 
that is all types of highways, roads, tourist routes, view points, urban areas, neighbourhood of 
water areas, gardens and orchards. The whole algorithm was processed in ESRI ArcGIS Desktop 
and five categories of visual exposure were determined (very low, low, average, high and very 
high). The DTM with the overlap of 5km behind the boundary of the modelled area was used as 
basic analytic raster; it was necessary to complete it by adding heights of objects on the surface. In 
order to create the whole model, it was necessary to make several simplifications. Data from the 
map of land cover was also used together with its database where mensurational data for forest 
stands are stored. Here each stand group has a height attribute of the most frequently represented 
tree species; this was used for the model. Heights of other objects were not investigated for each 

particular element but were assigned an average value (e.g. 20 m for individually standing 
trees and 10 m for buildings). The digital surface model (DSM) this way created was 
analysed by means of Viewshed tool and a value of how many times a given pixel is seen 
from the sites of an observer was recorded in the resultant raster. In the alternative version 
where the input point field was a regular raster, higher values in of visual exposure 
categories were reached. 
From the result described it follows that the first alternative is suitable for a preventive 
evaluation of visual exposure, while the second alternative represents better real landscape 
structure and it is more suitable for case studies of landscape changes (Kuchynkova & 
Mikita, 2009). The whole process can be effectively written as a macro or script and the 
model may be completed with other additional data, depending on the range of the area 
under observation and on available data sets (heights of objects or directly DSM from 
photogrammetric methods or laser scanning). 

 
2.5 Geodatabase approach and Digital Landscape Model 
For the correct functioning of the Digital Landscape Mode (DLM) it is necessary to get a 
large and above all the topologically accurate database of the area of interest. It is created by 
number of input data integrated into form of 3 layers – natural background, anthropogenic 
environment and a layer of development limits (see Fig. 10). Creating the layer of natural 
background is a very demanding process. This layer consists of following data components: 
geologic and soil map, forest type map and a map of classified soil-ecological units (in Czech 
BPEJ). Due to considerable generalization of the geological map and the soil map, the first 
task in this stage of our project was to re-make these maps in order to correspond as 
accurately as possible to real conditions. The created digital geologic and soil map was 
therefore re-made upon the Base Map of the Czech Republic 1 : 10,000 and ZABAGED data; 
terrain singularities were taken into consideration, so that the resulting map could be used 
for consequent data integration. Layers of anthropogenic impact and development limits 
were created using land cover plans of concerned villages. When data integration is 
completed and database updated, it is possible to carry out various spatial analyses and 
syntheses, e.g. the search for non-forest areas suitable for forestation that might be one of 
final results of our research project. 
The Czech Republic disposes of detailed land documentation concerning both natural 
environment and socio-economic domain. The products of environmental thematic 
mapping are analytical (thematic) maps of particular elements of nature. Although 
parameters of the represented elements are always in mutual harmony in nature, in GIS it 
may happen that when the maps are overlaid, the expected concordance of thematic layers 
is quite delusive. This way a lot of combinations of individual parameters may come into 
existence that is impossible in nature. These problems may be avoided by logical integration 
of the data during construction of the Digital Landscape Model. Such DLM should only 
contain homogeneous multi-parametric areas such as typological natural (as well as 
anthropogenic) landscape elements with mutually well combined natural characteristics and 
human impact. From the formal point of view, DLM thus contains logically (not only by 
scale, format, projection or definition) integrated data layers representing newly conceived 
database where there is a low number of poly-thematic layers and the digital terrain model 
instead of great amount of overlaid mono-thematic data layers (Kolejka et al., 2003). 
Following poly-attribute DLM layers then suffice for many tasks of spatial analyses and 
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syntheses accomplished in GIS: 
� Integrated layer „natural background“ 
� Integrated layer „anthropogenic impact“ 
� Integrated layer „development limits“. 
Such a database was already created in the frame of our project. It consists of several (few) 
synthetic maps with multi-parameter content where particular information is logically 
connected and all object positions are correct. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Scheme of the Digital Landscape Model (After Kolejka et al., 2003) 

 
2.6 Conclusion 
Geoinformation support of the research programme of the Faculty of Forestry and Wood 
Technology is a complex matter consisting of particular projects and their tasks. Such a 
support is nowadays an essential part of most research projects and it is crucial for creating 
available and widely applicable results. The Digital Landscape Model created for the pilot 
area of interest pursues suitably (using a formalized access) these aims. 

 
3. Geospatial Education the Department of Geoinformation Technologies 
 

3.1 Courses and geospatial software packages in use 
Importance of geoinformation technologies, enabling efficient processing of geospatial 
digital data, gradually increases at present-day society. Nevertheless, their effective 
applications require users' skills. These skills are difficult and expensive to achieve in 
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and interesting results of practical applications of geospatial technologies were acquired. 
Educational data concern mainly Masaryk Forest. Research data cover also several Czech 
mountains (the Beskids, the Giant Mountains, the Bohemian Forest). We have been quite 
happy using Idrisi as a basic GIS teaching software for long years. Regrettably, Idrisi is 
rarely applied in a Czech professional practice. 
In our country, ArcGIS, a product of the Environmental Systems Research Institute (ESRI) at 
Redlands, California is widely used by government and other official agencies, as well as by 
private companies. Effective marketing of a Czech company ArcData (dealer of ESRI 
products) and generally growing geospatial literacy in our country increased the demand 
for university graduates familiar with ArcGIS. According to Mrs. Melounova of ArcData 
(Melounova, 2006), ArcGIS is the leading GIS in Czech Republic. That is why ArcGIS 
became at our Faculty a primary GIS since 2007. ArcGIS desktop represents today a complex 
and integrated system of GIS products. There is a wide selection of literature on the product, 
and web information not only in English but also in Czech and other languages. ArcData, 
which distributes ArcGIS in our country, offers users a library of technical publications 
(ArcData, 2008). For basic practical exercises in 15-20 seat computer labs, the product 
ArcView, or ArcEditor, can be used, both offering students a variety of tools for creating, 
editing and analysing geospatial data. Several extensions of ArcGIS desktop, e.g. ArcGIS 
Spatial Analyst, ArcGIS 3D Analyst, ArcGIS Network Analyst and ArcGIS Business Analyst 
enhance the analytical scope of this software. Web services are provided by ArcGIS servers 
and ArcPad can be used for field work. ArcGIS desktop is rather complicated for an inexpert 
user. If you want to work successfully, you need to use the interface of three applications. 
ArcMap enables map editing and analysis, ArcCatalog enables data management and 
ArcToolboxes provide transformation, statistical and other tools. In addition, it is possible to 
use a graphic interface, ModelBuilder, for constructing geospatial models. Its complexity 
may be intentional on the part of its makers, as without professional training few users can 
use the system effectively. 
As Czech forest management planning rapidly proceeds from analogue to digital methods, 
students also need to master a graphic environment of the most important software used in 
Czech forestry – GIS TopoL, product of Czech TopoL Software Company. TopoL native data 
format (BLK) serves as a standard for digital Czech forest data. Access to vector-oriented 
spatial data is based on database principles, raster operation are also supported. The newest 
product of the company is TopoL xT 9.0. 
Open source/free software GIS GRASS is used for basic student education as an option. 
GRASS (Geographic Resources Analysis Support System) has been developed since 1982 to 
meet the needs of the US Army. Since the end of nineteen-eighties of the last century, the 
complete software package, including source codes, is available to the public. GRASS is run 
usually under the GNU/Linux operational system, but it can also work under UNIX, Mac 
OSX, MS-Windows and other platforms. Since GRASS is open-source/free software 
published under GNU General Public License, its users are not limited by its price and the 
program is readily accessible to students and private users. Neteler and Mitasova, 2004 
published a useful and detailed textbook on GRASS. There is also a very good user support 
for GRASS on Internet, also in Czech language. The main advantage of GRASS is that it is 
freely available and that its user community is growing rapidly. But, in spite of all this, 
GRASS is little used by commercial and administrative organizations (usually it is used only 
at places where there are GRASS enthusiasts). This constitutes the main disadvantage of 

GRASS, at least in Czech Republic. Nevertheless, we believe that more extensive use of 
open-source/free software is the way forward as it enables students to work on their 
projects easily at home using their own computers, without a need to pay for expensive 
geospatial software. 
A networked version of software package Geomatica 10 from a Canadian company PCI 
Geomatics is used for remote sensing teaching and practical works of students at master 
level. In the field of remotely sensed data processing, Geomatica has the best set of raster 
analytic operations. 
A very powerful (but also very expensive) software for image classification Definiens 
(eCognition), produced by a German company Definiens, is used by students at doctoral 
level (we have 2 licences). This software does not classify single pixels, but first segments the 
image into spectrally homogenous objects. With multi-resolution image segmentation 
providing a hierarchical network of image objects, users get a multi-scale, real-world view. 
Additional information, which can be derived from image objects, e.g. shape, texture, area, 
context, may be used for classification. Using Definiens knowledge-based classification 
function the user can formulate concepts and factual information about the relevant image 
content and use the result to process contextual information. The particular knowledge base 
can be created by means of inheritance mechanisms, concepts and methods of fuzzy logic, 
and semantic modeling. This way Definiens can recognize some characteristics that are 
typical for a human visual inspection. 
A more detailed comparison of the above mentioned software is given by Zidek, 2007. In 
addition to these software packages, our advanced students can use also Bentley 
MicroStation, Intergraph GeoMedia, ER Mapper, MultiSpec, Czech surveying software 
Kokes and some other GIS and image processing systems. 

 
3.2 Sharing of digital geospatial data 
Sharing of digital geospatial data has been solved by implementing web mapping service 
(WMS) technology using open source environment of University of Minnesota MapServer ( 
http://mapserver.mendelu.cz/mapserver). For users in our country there is an important 
advantage in its feasibility to read and display vector data from several coordinate systems 
(e.g. WGS-84, S-JTSK and S-42) and to display concurrently both raster and vector data. The 
application is equipped with standard web mapping functions, as zooming, panning, layer 
management and attribute querying. From start of its initial launch in 2002, our MapServer 
serves both Faculty teachers and students for many aims of their practical and research 
works. 
For the purpose of distribution and use of geospatial data in public, Sumbera (2006) has 
developed a virtual application MapSnack ( http://mapsnack.mendelu.cz). MapSnack (the 
term “snack” means “fast”) is a fully pre-installed and pre-configured geospatial virtual 
appliance that runs on any standard x86 machine in a self-contained, isolated environment. 
MapSnack consists of latest UMN MapServer and P.Mapper with sample dataset (see Fig. 
11). A vision of MapSnack is to accompany raw geospatial data which comes in different 
formats with functionality to explore, query, share and manage content. That involves 
merging data with functionality logic to simplify their absorption by consumer. 
MapSnack eliminates the installation, configuration and maintenance effort associated with 
deploying complex stacks of software for web mapping. (There are basically two approaches 
how to achieve that. First is traditional and nowadays very popular LiveCD appliance, 
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and interesting results of practical applications of geospatial technologies were acquired. 
Educational data concern mainly Masaryk Forest. Research data cover also several Czech 
mountains (the Beskids, the Giant Mountains, the Bohemian Forest). We have been quite 
happy using Idrisi as a basic GIS teaching software for long years. Regrettably, Idrisi is 
rarely applied in a Czech professional practice. 
In our country, ArcGIS, a product of the Environmental Systems Research Institute (ESRI) at 
Redlands, California is widely used by government and other official agencies, as well as by 
private companies. Effective marketing of a Czech company ArcData (dealer of ESRI 
products) and generally growing geospatial literacy in our country increased the demand 
for university graduates familiar with ArcGIS. According to Mrs. Melounova of ArcData 
(Melounova, 2006), ArcGIS is the leading GIS in Czech Republic. That is why ArcGIS 
became at our Faculty a primary GIS since 2007. ArcGIS desktop represents today a complex 
and integrated system of GIS products. There is a wide selection of literature on the product, 
and web information not only in English but also in Czech and other languages. ArcData, 
which distributes ArcGIS in our country, offers users a library of technical publications 
(ArcData, 2008). For basic practical exercises in 15-20 seat computer labs, the product 
ArcView, or ArcEditor, can be used, both offering students a variety of tools for creating, 
editing and analysing geospatial data. Several extensions of ArcGIS desktop, e.g. ArcGIS 
Spatial Analyst, ArcGIS 3D Analyst, ArcGIS Network Analyst and ArcGIS Business Analyst 
enhance the analytical scope of this software. Web services are provided by ArcGIS servers 
and ArcPad can be used for field work. ArcGIS desktop is rather complicated for an inexpert 
user. If you want to work successfully, you need to use the interface of three applications. 
ArcMap enables map editing and analysis, ArcCatalog enables data management and 
ArcToolboxes provide transformation, statistical and other tools. In addition, it is possible to 
use a graphic interface, ModelBuilder, for constructing geospatial models. Its complexity 
may be intentional on the part of its makers, as without professional training few users can 
use the system effectively. 
As Czech forest management planning rapidly proceeds from analogue to digital methods, 
students also need to master a graphic environment of the most important software used in 
Czech forestry – GIS TopoL, product of Czech TopoL Software Company. TopoL native data 
format (BLK) serves as a standard for digital Czech forest data. Access to vector-oriented 
spatial data is based on database principles, raster operation are also supported. The newest 
product of the company is TopoL xT 9.0. 
Open source/free software GIS GRASS is used for basic student education as an option. 
GRASS (Geographic Resources Analysis Support System) has been developed since 1982 to 
meet the needs of the US Army. Since the end of nineteen-eighties of the last century, the 
complete software package, including source codes, is available to the public. GRASS is run 
usually under the GNU/Linux operational system, but it can also work under UNIX, Mac 
OSX, MS-Windows and other platforms. Since GRASS is open-source/free software 
published under GNU General Public License, its users are not limited by its price and the 
program is readily accessible to students and private users. Neteler and Mitasova, 2004 
published a useful and detailed textbook on GRASS. There is also a very good user support 
for GRASS on Internet, also in Czech language. The main advantage of GRASS is that it is 
freely available and that its user community is growing rapidly. But, in spite of all this, 
GRASS is little used by commercial and administrative organizations (usually it is used only 
at places where there are GRASS enthusiasts). This constitutes the main disadvantage of 

GRASS, at least in Czech Republic. Nevertheless, we believe that more extensive use of 
open-source/free software is the way forward as it enables students to work on their 
projects easily at home using their own computers, without a need to pay for expensive 
geospatial software. 
A networked version of software package Geomatica 10 from a Canadian company PCI 
Geomatics is used for remote sensing teaching and practical works of students at master 
level. In the field of remotely sensed data processing, Geomatica has the best set of raster 
analytic operations. 
A very powerful (but also very expensive) software for image classification Definiens 
(eCognition), produced by a German company Definiens, is used by students at doctoral 
level (we have 2 licences). This software does not classify single pixels, but first segments the 
image into spectrally homogenous objects. With multi-resolution image segmentation 
providing a hierarchical network of image objects, users get a multi-scale, real-world view. 
Additional information, which can be derived from image objects, e.g. shape, texture, area, 
context, may be used for classification. Using Definiens knowledge-based classification 
function the user can formulate concepts and factual information about the relevant image 
content and use the result to process contextual information. The particular knowledge base 
can be created by means of inheritance mechanisms, concepts and methods of fuzzy logic, 
and semantic modeling. This way Definiens can recognize some characteristics that are 
typical for a human visual inspection. 
A more detailed comparison of the above mentioned software is given by Zidek, 2007. In 
addition to these software packages, our advanced students can use also Bentley 
MicroStation, Intergraph GeoMedia, ER Mapper, MultiSpec, Czech surveying software 
Kokes and some other GIS and image processing systems. 
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second is a virtual appliance.) MapSnack serves georeferenced map layers (vector or raster 
based) to the browser. It is ready to be deployed as OGC compliant web server serving or 
consuming other WMS or WFS services. At present it provides maps of South Moravia 
alluvial plains. MapSnack got “Honorable Mention” sign by VMWare in 2006 “Ultimate 
Virtual Appliance Challenge” competition. MapSnack presentation can be seen at 
http://www.slideshare. net/sumbera/mapsnack-2007-presentation. 
Both virtual geospatial appliances run on server MapBistro with VMware Server installed 
on Debian. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. MapSnack prototype with P.Mapper sample dataset on the web 
 
New way for creating and sharing of digital maps in internet environment is presented by a 
community map portal MapShake created by Sumbera, 2008. MapShake is an integrator of 
map compositions and users can “shake” maps from different sources and share, remark 
and publish them. With MapShake it is possible to remove the default map content from the 
map viewer, add one's own content with a preferred projection, annotate it with particular 
custom ingredients, look-up spatially for other recipes and shake it up. This way the broad 
community can be served and the beauty of the web live cartography enjoyed. For users, 
Sumbera has published 5 key MapShake messages: (1) “Shake you map sources” – that is 
add any layer you find usable for your nice maps. Advanced – change styles; (2) “Use your 
ingredients” – that is add any annotation for your business, for fun, for share; (3) “Share 
your maps” – that is your maps are localizable, with simple permissions, your annotations 
are searchable by spatial queries; (4) “Search other maps” include other people annotations 
for your maps. Query for by simple spatial query; (5) “Use in your context” - your map 

compositions are accessible in the field through iPhone. MapShake at present runs in Czech 
language in technology preview mode on http://www.mapshake.cz. 
Since January 2009, our team participates in Apple iPhone Development program for 
Universities. Kaminek, 2009, a postgraduate student of Applied geoinformatics has created a 
prototype for mobile accessing WMS layers within iPhone, using native Apple iPhone 
technology and interface. His project received a start-up grant from the Internal Grant 
Agency (IGA) of Mendel University and looks very promising. First presentation of his 
application WhatEverMap can be seen on http://mapserver.mendelu.cz/iphonelayers 
together with sample screencasts (see Fig. 12). Codename of the project is iPhoneLayers. 
MapShake can store all map compositions and users have various front-ends how to 
consume or shake their maps; iPhone can serve as a possible outlet where, based on the 
current GPS position, users can receive their pre-shacked maps from the MapShake store. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12. Application WhatEverMap on iPhone with a specimen of Czech Environmental 
Information Agency (CENIA) data and a specimen of Czech cadastral data 
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1. Introduction 
 

In an educational context, teamwork, as a way for cooperative learning, helps achievement 
of educational objectives, not only in their knowledge dimension but also in their social and 
affective dimensions. Success for the individual in the group depends on the rest of the 
group members’ attainments. Therefore, the achievement of the common goal implies 
deployment of relational competences relevant for future professional performance. 
Nevertheless, the effectiveness of these objectives may vary depending on the learning 
environment where the attainment of above objectives takes place. 
In the context of higher education and university learning, new information and 
communication technologies have opened possibilities for students with different 
educational requirements. Most universities have developed and implemented new learning 
tools as a way to complement traditional education by facilitating discussion and 
knowledge sharing by means of an online environment. Additionally, these tools can be 
used to foster the development of course competencies in those cases in which students 
cannot meet on a regular basis due to geographical or temporal impediments. 
These advancements run in parallel to market demands. In a global economy as the current 
one, firms are changing their way of organising and working. Employees must develop 
abilities to deal with complex processes, due to the variety and complexitiy of variables that 
form their labour environment, what requires group work and close cooperation with other 
colleagues, external consultant or even other firms. In many cases, geographical distance 
between units within a firm or between a firm and its partners makes it necessary, and 
recommended due to cost reasons, the utilization of virtual communication. De Lisser (1999) 
exposed that more than 50% of firms over 5000 employees used virtual teams; meanwhile 
Lenz and Machado (2008) indicated that it is the predominant type of work organization 
within multinational companies. Hence, the development of the necessary skills, not only 
for group working, but also for virtual team working, by using information and 
communication technologies is also a response to demands in our society.  
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The main aim of this work is to compare in the context of an undergraduate operations 
management course the development of a set of managerial competences associated to 
teamwork in two different learning environments, as represented by traditional face-to- face 
teams and virtual teams. Face-to-face groups execute the required assignments in the course 
by meeting physically under the guidance of the teacher and in collaboration with their 
partners. Virtual teams do not attend the classroom and do the assigned course group 
activities and communicate each other through a specific forum created for this purpose in 
the university online learning platform. We put forward that competences to be developed 
in the course should be accomplished in both types of teams, what would imply that both 
alternatives are equally effective and meet their purpose.  
Bearing in mind the above objective, the work is structured as follows. The following section 
examines the importance of fostering competences, specifically by means of teamwork, in 
higher education courses. We distinguish between face-to-face- and virtual groups and 
analyze the main differences between them, given the particularities shown by virtual 
teams. Next, we describe the methodology we have followed. In doing so, we present the 
sample and the data gathering methods. The fourth section shows the main findings and 
finally, we conclude with the discussion of results and a few final reflections on the 
experience. 

 
2.Theory and Teaching Methods Adopted in the Course 
 

Nowadays, communication, coaching, team-based facilitation and team working skills have 
reached an increasingly importance in the business environment which have been also 
recognized by management educators (Mosca and Howard, 1997). By its own, there are 
professional competences of the operations manager, which Morgan (1989) identified, 
besides the knowledge of the specific operations contents, as the ability for taking decisions, 
communication, management, staff assessment, calculation, creation of reports and 
resolution of problems. These competencies that exceed the traditional content or 
knowledge transfer in higher education are more important since the concept of competence 
was pointed in Tuning project1. In this context, competences represent a dynamic 
combination of knowledge, understanding, skills and abilities (González and Wagenaar, 
2003) and are obtained or developed during the process of learning by the student/learner. 
In European universities, the Bologna process of construction of the European Higher 
Education Space has become an incentive to consider competencies as a relevant component 
for preparing students well for their future role in society in terms of employability and 
citizenship. Therefore, educators increasingly give importance to the development of skills 
as part of the teaching process in higher education (Bilimoria, 1999, Wankel and DeFillippi, 
2003). 
                                                                 
1 TUNING Educational Structures in Europe started in 2000 as a project to link the political 
objectives of the Bologna Process and at a later stage the Lisbon Strategy to the higher 
educational sector. Over time Tuning has developed into a Process, an approach to re-
design, develop, implement, evaluate and enhance quality in first, second and third cycle 
degree programs. The Tuning approach has been developed by and is meant for higher 
education institutions. 
 

 

Competences can be distinguished in subject specific and generic ones. Generic competences 
are those common to almost all the professions and that can be classified in instrumental 
(analysis and synthesis capacity, oral communication, languages, computers, problem 
solving, decisions, etc.), personal (team working) and systemic (autonomous learning, 
adaptation to new situations, creativity, leadership, etc.). Specific competences are those 
pertaining a specific degree and relate to particular concepts in its area (González and 
Wagenaar, 2003).  
Team working is considered a generic competency but a central one for work in business. 
Nowadays few works are carried out in an autonomous way. A group work, defined as a 
sociological phenomenon, include a number of individuals (between 3 and 25) with a 
common objective, and there must be a continuous process of communication and 
interaction, a sense of group belonging and a set of common norms and values as a base of 
the interaction process and a network comprised of different roles, what allows for 
achieving the group objective (Schäfers, 1999). A virtual team is defined as a team whose 
members use technology to varying degrees in working across location, temporal, and 
relational boundaries to accomplish an interdependent task (Martins, Gilson and Maynard, 
2004; Clark and Gibb, 2006). In the case of virtual groups, due to spatial and temporal 
separation, the continuous process of communication and interaction within the group takes 
place predominantly through the use of modern communication technologies (Lenz and 
Machado, 2008).  
Therefore, communication in virtual groups is based on an intensive use of new 
technologies. From the business perspective the advantages of the virtual team are seen in 
the opportunity to hire a group of experts regardless of location. In this sense, virtual team 
work facilitates a more efficient use of internal and external expert knowledge; savings on 
travel costs and on conference room rent; and being flexible in solving problems such as a 
surge of complex tasks to be tackled within a limited time frame (Lenz and Machado, 2008). 
Therefore, firms should benefit from a richness of information transfer and from an 
extended reach between people (Evans and Wurster, 1999). There are also disadvantages 
and problems which result directly from the virtual element of the teamwork, such as the 
differences in the team members’ cultural origins and influences.  
In spite of these drawbacks, the business environment is increasingly demanding work 
carried out in virtual goups, hence the need for students of developing not only face-to-face 
group work competences but also by means of virtual teams. 
In this paper we analyze the development of certain competences, generic and specific, in an 
operations management course, which is taught in the last year of the business 
administration. In the course, we focus on the development of competencies by means of 
teamwork. Specifically, we try to develop some competences by solving some exercises or 
business situations by means of individuals working in groups. The particular situation of 
some students (i.e., part time jobs with overlapping timetables, staying abroad within 
mobility programs, etc.) difficults their participation in face-to-face teams. Given these 
circumstances, we decided to enable group work tasks also by creating virtual teams. The 
use of the computer platform of the University as a teaching tool supports all the process 
enabling virtual learning. The combination of different didactic models has been expressed 
by some authors as a practical solution. Each pattern has its own advantages and limitations 
and for that reason it is important to diversify the methodology with the aim to be able to 
take advantage of the most appropriate methodology in each moment (Ferrer, 1994). 
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examines the importance of fostering competences, specifically by means of teamwork, in 
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2.Theory and Teaching Methods Adopted in the Course 
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1 TUNING Educational Structures in Europe started in 2000 as a project to link the political 
objectives of the Bologna Process and at a later stage the Lisbon Strategy to the higher 
educational sector. Over time Tuning has developed into a Process, an approach to re-
design, develop, implement, evaluate and enhance quality in first, second and third cycle 
degree programs. The Tuning approach has been developed by and is meant for higher 
education institutions. 
 

 

Competences can be distinguished in subject specific and generic ones. Generic competences 
are those common to almost all the professions and that can be classified in instrumental 
(analysis and synthesis capacity, oral communication, languages, computers, problem 
solving, decisions, etc.), personal (team working) and systemic (autonomous learning, 
adaptation to new situations, creativity, leadership, etc.). Specific competences are those 
pertaining a specific degree and relate to particular concepts in its area (González and 
Wagenaar, 2003).  
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take advantage of the most appropriate methodology in each moment (Ferrer, 1994). 
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In the case of the course we analyze, theoretical sessions are carried out in the first part of 
the semester, so that the students have the information as soon as possible to be able to solve 
successfully the problems proposed in the practical module about operations strategies. 
When these sessions finish, several exercises and cases about specific operations 
management situations are proposed to students, with some indications on how to start the 
assignment and suggestions on where or how to search for the information.  
The analysis of these problems and situations is carried out by the groups of students, and 
their proposals are exposed to the teachers in tutorials during the last weeks of the term. It is 
in this practical part of the course, which must be carried out by means of teamwork, when 
we differentiate between virtual teams and face-to-face teams, as although they must 
develop the similar kind of competences, the way of working is different.  
The work done by the groups is guided by the teacher, who acts as an observer and learning 
guide. When each team concludes its assignments, in the case of face-to-face teams, the team 
members expose their proposal to the teacher in an oral presentation and present a written 
report. In the case of virtual teams, there is no oral presentation and the written report is 
sent electronically by way of the virtual platform. The teacher evaluates and then marks 
them. The cases and practical situations that students have to analyze are the same for both 
types of groups but the report is presented to the teacher in a different format depending on 
the type of group.  
Face-to-face teams are composed by 4 or 5 members and virtual teams by 3 or 4 members, 
and they use cooperative research and group discussion. Virtual teams do their assignments 
through the virtual platform, which allows the work of some students that are in different 
places and that have different timetables. They have a forum for each exercise or business 
case or situation. This could be seen as an asynchronous discussion board, since students 
send messages or include attachments to react to each others contributions (Rienties, Van 
Wesel and Gijselaers, 2008). With this tool, teachers can visualize which component has 
contributed, their frequency of contribution and the relevance and adequacy of their 
contribution. 

 
3. Analysis and Results 
 

The population is formed by the students enrolled in the undergraduate course Operation 
Management taught at the Business Administration degree of the Universitat Jaume I de 
Castellón (Spain) in the fall semester during the academic years 2006-2007 to 2008-2009. Of 
the 477 registered students, 376 students carried out the activities in 84 face-to-face groups, 
31 students carried out them in 9 virtual teams, and 70 students did not follow this part of 
the course and worked on an individual basis. In percentage terms, it means that 79% of 
registered students followed the course by working in face-to-face groups, 6% of students 
participated through virtual teams and 15% followed the course on an individual basis (). 
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Fig. 1. Percentage of participation 
 
Data on competence development was gathered by means of different surveys aimed at 
getting students’ perceptions of different aspects of the learning process and their global 
satisfaction with the course. The questionnaires were filled in by the students at the end of 
the lectures period and before knowing their final marks. The number of face-to-face 
students who answered the surveys was 243, which represented 64.63% of face-to-face 
students. 18 virtual students answered the questionnaire, what represents the 58.06% of the 
virtual students ().  
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Number of face to face groups 84 376 243 64,63 
Number of virtual groups 9 31 18 58,06 

Table 1. Level of Response 
 
The competences included in the survey were those considered as objectives in the course 
design and concerned both generic and specific ones. Students were asked to assess the 
degree of improvement in competences in a 5-points scale, where 1 represented the lowest 
value and 5 the highest value. The next paragraphs present the main findings regarding the 
degree of competences development. In doing so, we analyze competencies grouped by 
their typology: specific and generic competences. 
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The competences included in the survey were those considered as objectives in the course 
design and concerned both generic and specific ones. Students were asked to assess the 
degree of improvement in competences in a 5-points scale, where 1 represented the lowest 
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3.1 Specific Competences 
The first group of results to analyze is composed by those competences related to the 
specific content of the subject. Figure 2 shows the perception by students of the 
development of the five competences included in this group,  
In the case of students that belong to face-to-face teams, the highest level is observed in 
Knowledge about the business reality and their environment, and the lowest level in the case of 
Knowledge of the English terms of operations management. In virtual teams, the best evaluated 
competences are Capability to analyze different dimensions of operations field and Adequacy in the 
use of concepts of operations management, and the lowest values are given tor Knowledge of the 
English terms of operations management, as in the former case. But not statistical differences 
have been showed in these competencies when we compare both types of students. 
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Fig. 2. Specific Competencies Results 

 
3.2 Generic Competences 
We are now to show the results in the case of generic competences, which are composed by 
instrumental, interpersonal and systemic competences. 
In the case of instrumental competences, all reach a high evaluation (Figure 3). The 
competence with a highest level in face-to-face teams is oral communication. These teams 
make an oral presentation for each of their assignments in 10 minutes, and the average 
number of presentations they must make is close to 8. Therefore, the value achieved in this 
case is consistent with the importance of the effort in the development of this competence in 
the course. On the contrary, in virtual groups this competence has not been developed, and 
in congruence it reaches the lowest level. 
In the case of virtual groups, Writing communication reaches the highest level, since those 
students maintain the contact with teachers and with other members of their team by instant 
messages and e-mails. Their tasks must be developed by sending their work in progress 
through the virtual platform and, when they consider their task is completed, they send the 

 

finished assignment to the teachers. Consequently, they strongly develop through the 
course this competence. 
Comparing both types of methodologies, those competencies which are significantly 
developed in different grade are Ability to take decisions, Oral communication and Writing 
communication. The two firsts are higher in Face-to-face groups and the last one is higher in 
Virtual teams. 
 

 
Fig. 3. Instrumental Competences Results 
 
The second group of generic competencies analyzed are interpersonal competences (Figure 
4). Work in group has been the competence that achieves the highest level in face-to-face 
teams. In virtual teams, this is the competence with the lowest degree of attainment. 
Teachers have noticed that in face-to-face teams, relationships between members and 
between the team and the teacher are better than in the case of virtual teams, where the 
atmosphere of tension and conflict arises in more situations, as reflected in their messages to 
the forums. 
Evaluating individuals ability through the evaluation of the own partners in the group, is 
higher in the case of virtual teams. Development of tasks assigned to the students in the case 
of virtual teams is reflected in forums, where teachers, but also the students of the team, can 
control time of appearance and contribution by each member. Virtual students are more 
critical with the distribution and contributions of each one of the members of the team. In 
the case of face-to-face teams, contributions of each member are not reflected in any place, 
since teachers only evaluate the final result of the tasks and their presentation. 
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3.2 Generic Competences 
We are now to show the results in the case of generic competences, which are composed by 
instrumental, interpersonal and systemic competences. 
In the case of instrumental competences, all reach a high evaluation (Figure 3). The 
competence with a highest level in face-to-face teams is oral communication. These teams 
make an oral presentation for each of their assignments in 10 minutes, and the average 
number of presentations they must make is close to 8. Therefore, the value achieved in this 
case is consistent with the importance of the effort in the development of this competence in 
the course. On the contrary, in virtual groups this competence has not been developed, and 
in congruence it reaches the lowest level. 
In the case of virtual groups, Writing communication reaches the highest level, since those 
students maintain the contact with teachers and with other members of their team by instant 
messages and e-mails. Their tasks must be developed by sending their work in progress 
through the virtual platform and, when they consider their task is completed, they send the 

 

finished assignment to the teachers. Consequently, they strongly develop through the 
course this competence. 
Comparing both types of methodologies, those competencies which are significantly 
developed in different grade are Ability to take decisions, Oral communication and Writing 
communication. The two firsts are higher in Face-to-face groups and the last one is higher in 
Virtual teams. 
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The second group of generic competencies analyzed are interpersonal competences (Figure 
4). Work in group has been the competence that achieves the highest level in face-to-face 
teams. In virtual teams, this is the competence with the lowest degree of attainment. 
Teachers have noticed that in face-to-face teams, relationships between members and 
between the team and the teacher are better than in the case of virtual teams, where the 
atmosphere of tension and conflict arises in more situations, as reflected in their messages to 
the forums. 
Evaluating individuals ability through the evaluation of the own partners in the group, is 
higher in the case of virtual teams. Development of tasks assigned to the students in the case 
of virtual teams is reflected in forums, where teachers, but also the students of the team, can 
control time of appearance and contribution by each member. Virtual students are more 
critical with the distribution and contributions of each one of the members of the team. In 
the case of face-to-face teams, contributions of each member are not reflected in any place, 
since teachers only evaluate the final result of the tasks and their presentation. 
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With regard to interpersonal competences, we also asked about the contribution of students 
to the work of the team and their evaluation of the contribution of the rest of the members in 
their team, in different aspects, such as the level of enthusiasm; contribution with ideas; 
level of comprehension of the task; the contribution to the good working order of the group; 
the organization of the group and commitment in task development; and efficient 
implementation of tasks. Table 2 shows students’ assessment of these aspects for both types 
of groups. 
 

Contribution to the work in the 
team Face-to-face Virtual 

  Myself My partners Myself My partners 
a. Level of enthusiasm  4,01 3,96 4,22 3,89 
b. Contribution with ideas  4,00 4,05 4,06 4,11 
c. Comprehension of the task  4,01 4,02 4,11 3,83 
d. Contribution to the good working 
order of the group  4,40 4,32 4,39 4,17 
e. Organization of the group and 
commitment in task development  4,37 4,28 4,39 4,00 
f. Efficient implementation of tasks  4,23 4,21 4,33 4,39 

MEAN 4,17 4,14 4,25 4,06 
1-1,5: Very Low// 1,51-2,5: Low// 2,51-3,00: Half Low// 3,01-3,5 Half High// 3,51-4,5: High// 4,51-
5,00: Very High 
Table 2. Contribution to the work in the team 
 
In both cases, face-to-face and virtual teams, students consider their contribution to the team 
is high, and they also consider the level of contribution of the rest of the partners in the team 
is high. Nevertheless, in the case of virtual teams, students have been more critical with the 
participation of their partners in the group. 

 

Regarding systemic competences, as represented by autonomous learning, entrepreneurship 
and initiative, quality and leadership, we can observe that, in general terms, they are better 
assessed by virtual students (figure 5). 
The competence that achieves the highest level in virtual teams is Autonomous learning, 
which is higher than in face-to-face teams. Leadership is the competence with the lowest level 
in both cases, although is higher in the case of virtual teams, where the leader appears more 
easily to accomplish the task and where it is seen as more necessary to organize and plan the 
work. 
 In this case, the difference in the assessment between the two kinds of students is very high. 
Another question in the survey corroborates these results. We asked students to assess 
whether a leader had appeared in a spontaneous way to coordinate the group. Students in 
face-to- face teams gave an average punctuation of 3.12, whereas virtual teams’ students’ 
average assessment was of 3.83. This fact confirms that the emergence of a leader is higher 
in the case of virtual teams. 
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Fig. 5. Systemic Competences Results 
 
Evaluation of the work made by virtual teams is also based in the writing report, and 
therefore the competence Quality and continuous improvement is better perceived in this case 
than in face-to-face teams, since they also have the opportunity of present their task in a 
presential way with interaction with the teacher. 

 
4. Conclusion 
 

In this work we have described the results achieved in the development of competencies in 
an Operations management course with students using different methodologies. A 
particular feature of this course is the strong emphasis on several of the professional abilities 
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With regard to interpersonal competences, we also asked about the contribution of students 
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Contribution to the work in the 
team Face-to-face Virtual 

  Myself My partners Myself My partners 
a. Level of enthusiasm  4,01 3,96 4,22 3,89 
b. Contribution with ideas  4,00 4,05 4,06 4,11 
c. Comprehension of the task  4,01 4,02 4,11 3,83 
d. Contribution to the good working 
order of the group  4,40 4,32 4,39 4,17 
e. Organization of the group and 
commitment in task development  4,37 4,28 4,39 4,00 
f. Efficient implementation of tasks  4,23 4,21 4,33 4,39 

MEAN 4,17 4,14 4,25 4,06 
1-1,5: Very Low// 1,51-2,5: Low// 2,51-3,00: Half Low// 3,01-3,5 Half High// 3,51-4,5: High// 4,51-
5,00: Very High 
Table 2. Contribution to the work in the team 
 
In both cases, face-to-face and virtual teams, students consider their contribution to the team 
is high, and they also consider the level of contribution of the rest of the partners in the team 
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participation of their partners in the group. 
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Evaluation of the work made by virtual teams is also based in the writing report, and 
therefore the competence Quality and continuous improvement is better perceived in this case 
than in face-to-face teams, since they also have the opportunity of present their task in a 
presential way with interaction with the teacher. 
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With regard to interpersonal competences, we also asked about the contribution of students 
to the work of the team and their evaluation of the contribution of the rest of the members in 
their team, in different aspects, such as the level of enthusiasm; contribution with ideas; 
level of comprehension of the task; the contribution to the good working order of the group; 
the organization of the group and commitment in task development; and efficient 
implementation of tasks. Table 2 shows students’ assessment of these aspects for both types 
of groups. 
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Evaluation of the work made by virtual teams is also based in the writing report, and 
therefore the competence Quality and continuous improvement is better perceived in this case 
than in face-to-face teams, since they also have the opportunity of present their task in a 
presential way with interaction with the teacher. 
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With regard to interpersonal competences, we also asked about the contribution of students 
to the work of the team and their evaluation of the contribution of the rest of the members in 
their team, in different aspects, such as the level of enthusiasm; contribution with ideas; 
level of comprehension of the task; the contribution to the good working order of the group; 
the organization of the group and commitment in task development; and efficient 
implementation of tasks. Table 2 shows students’ assessment of these aspects for both types 
of groups. 
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Evaluation of the work made by virtual teams is also based in the writing report, and 
therefore the competence Quality and continuous improvement is better perceived in this case 
than in face-to-face teams, since they also have the opportunity of present their task in a 
presential way with interaction with the teacher. 

 
4. Conclusion 
 

In this work we have described the results achieved in the development of competencies in 
an Operations management course with students using different methodologies. A 
particular feature of this course is the strong emphasis on several of the professional abilities 
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that the practice of operations management entails, specially the work in teams and the 
knowledge of the surrounding companies operations. Specifically, for the case of 
competences that can be met by means of team work, we focused on whether the same 
competences can be developed in different learning environments, as illustrated for the 
possibility of working either in face-to-face- or in virtual teams. In general terms, our 
findings show that students’ perception about their improvement in the competences in our 
course confirm the coherence of the methodology used in the course and its success when 
adapting it to a virtual learning environment. In both, results show that teams develop 
competencies through the successive activities and the recommendations of the teachers in 
the tutorship of the groups. Additionally, we have verified for the first time in our course 
that, with this experience, students can develop professional competences in a similar way 
that when students that physically meet in groups. 
For example in the case of specific competencies face-to-face and virtual teams agree to give 
the poorest evaluation to the competence Knowledge of the English terms of operations 
management. It indicates that we must do a greater effort in next years to develop their 
knowledge of the subject also in English. This low evaluation can be explained because just 
in the last academic course, teachers introduce some activities to develop this competence. 
Additionally, in spite of the similar level of attainment in most competences, we found some 
differences in the development of some competencies. In the case of instrumental 
competencies, whereas speaking communication reaches higher level in the case of students 
that participate in face-to-face teams, writing communication competence is higher in the case 
of virtual groups. This should be a logical consequence of both types of approaches, since 
members of virtual teams basically need to write in order to communicate between them, 
and face-to-face teams discuss their points of view between them and with the teacher in a 
presential way through oral communication. Taking decisions competence is also higher in 
the case of face-to-face groups. This fact reveals that maybe there are more problems to 
arrive to a consensus in the case of virtual teams in comparison with the alternative 
approach. This competence should therefore be improved, because one of the advantages of 
virtual teams is the flexibility in solving problems due to their easiness and rapid 
communication, and this advantage could be minimized if the group delays in taking 
decisions. 
In the interpersonal competencies group, work in groups is the best evaluated competence by 
face-to-face students, whereas it is the one with the lowest evaluation by virtual teams. 
Moreover, although in both cases students evaluated their contribution to the work in their 
team and the contribution of the rest of their partners in a similar way, this last indicator is 
lower in students that belong to virtual teams, according also with the poorer evaluation of 
the competence work in groups. 
According to arguments of previous literature (Cappel and Windsor, 2000; Wiesband, 1992), 
educators have observed that virtual teams have more time delays in completing their 
activities and there are also some problems of communication and coordination between 
team members, which is consistent with our results. Through the observation of 
interventions in the virtual platform, teachers have observed that the main troubles are the 
lack of a commitment with the work, differences in the effort of the different individuals 
that form the virtual teams, and a lack of time control. In order to avoid possible 
deterioration and communication breakdown between individuals in virtual teams, teachers 
must control the process deeply, by analyzing interventions of teams in forums, 

 

encouraging members to participate, and also controlling dates of accomplishment of the 
proposed tasks. 
In the group of systemic competencies, autonomous learning, entrepreneurship and initiative, 
and leadership, reach a higher level in the case of virtual teams. Components of virtual teams 
must make a greater effort to improve their knowledge through autonomous learning, and 
also it could give them greater capabilities in develop new initiatives, so it is an advantage 
of this virtual groups. 
In spite of the differences founded between the two kinds of teams, students have evaluated 
the development of competences in the subject in a very positive way, since in most cases 
the level of competence attainment is high. More over, those differences identified between 
both types of ways of work can be explained and are coherent. All that confirms also the 
adequacy of the assessment methodology employed. 
As a whole, the assessment of the teachers on the analyzed results is very positive for the 
process of education - learning and it can be said that the course objectives have been 
reached. The experience showed the compatibility of the methodologies, but also the need of 
the most detailed follow-up of the virtual students, in comparison with face-to-face groups. 
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possibility of working either in face-to-face- or in virtual teams. In general terms, our 
findings show that students’ perception about their improvement in the competences in our 
course confirm the coherence of the methodology used in the course and its success when 
adapting it to a virtual learning environment. In both, results show that teams develop 
competencies through the successive activities and the recommendations of the teachers in 
the tutorship of the groups. Additionally, we have verified for the first time in our course 
that, with this experience, students can develop professional competences in a similar way 
that when students that physically meet in groups. 
For example in the case of specific competencies face-to-face and virtual teams agree to give 
the poorest evaluation to the competence Knowledge of the English terms of operations 
management. It indicates that we must do a greater effort in next years to develop their 
knowledge of the subject also in English. This low evaluation can be explained because just 
in the last academic course, teachers introduce some activities to develop this competence. 
Additionally, in spite of the similar level of attainment in most competences, we found some 
differences in the development of some competencies. In the case of instrumental 
competencies, whereas speaking communication reaches higher level in the case of students 
that participate in face-to-face teams, writing communication competence is higher in the case 
of virtual groups. This should be a logical consequence of both types of approaches, since 
members of virtual teams basically need to write in order to communicate between them, 
and face-to-face teams discuss their points of view between them and with the teacher in a 
presential way through oral communication. Taking decisions competence is also higher in 
the case of face-to-face groups. This fact reveals that maybe there are more problems to 
arrive to a consensus in the case of virtual teams in comparison with the alternative 
approach. This competence should therefore be improved, because one of the advantages of 
virtual teams is the flexibility in solving problems due to their easiness and rapid 
communication, and this advantage could be minimized if the group delays in taking 
decisions. 
In the interpersonal competencies group, work in groups is the best evaluated competence by 
face-to-face students, whereas it is the one with the lowest evaluation by virtual teams. 
Moreover, although in both cases students evaluated their contribution to the work in their 
team and the contribution of the rest of their partners in a similar way, this last indicator is 
lower in students that belong to virtual teams, according also with the poorer evaluation of 
the competence work in groups. 
According to arguments of previous literature (Cappel and Windsor, 2000; Wiesband, 1992), 
educators have observed that virtual teams have more time delays in completing their 
activities and there are also some problems of communication and coordination between 
team members, which is consistent with our results. Through the observation of 
interventions in the virtual platform, teachers have observed that the main troubles are the 
lack of a commitment with the work, differences in the effort of the different individuals 
that form the virtual teams, and a lack of time control. In order to avoid possible 
deterioration and communication breakdown between individuals in virtual teams, teachers 
must control the process deeply, by analyzing interventions of teams in forums, 

 

encouraging members to participate, and also controlling dates of accomplishment of the 
proposed tasks. 
In the group of systemic competencies, autonomous learning, entrepreneurship and initiative, 
and leadership, reach a higher level in the case of virtual teams. Components of virtual teams 
must make a greater effort to improve their knowledge through autonomous learning, and 
also it could give them greater capabilities in develop new initiatives, so it is an advantage 
of this virtual groups. 
In spite of the differences founded between the two kinds of teams, students have evaluated 
the development of competences in the subject in a very positive way, since in most cases 
the level of competence attainment is high. More over, those differences identified between 
both types of ways of work can be explained and are coherent. All that confirms also the 
adequacy of the assessment methodology employed. 
As a whole, the assessment of the teachers on the analyzed results is very positive for the 
process of education - learning and it can be said that the course objectives have been 
reached. The experience showed the compatibility of the methodologies, but also the need of 
the most detailed follow-up of the virtual students, in comparison with face-to-face groups. 
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competences can be developed in different learning environments, as illustrated for the 
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that when students that physically meet in groups. 
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management. It indicates that we must do a greater effort in next years to develop their 
knowledge of the subject also in English. This low evaluation can be explained because just 
in the last academic course, teachers introduce some activities to develop this competence. 
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that form the virtual teams, and a lack of time control. In order to avoid possible 
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encouraging members to participate, and also controlling dates of accomplishment of the 
proposed tasks. 
In the group of systemic competencies, autonomous learning, entrepreneurship and initiative, 
and leadership, reach a higher level in the case of virtual teams. Components of virtual teams 
must make a greater effort to improve their knowledge through autonomous learning, and 
also it could give them greater capabilities in develop new initiatives, so it is an advantage 
of this virtual groups. 
In spite of the differences founded between the two kinds of teams, students have evaluated 
the development of competences in the subject in a very positive way, since in most cases 
the level of competence attainment is high. More over, those differences identified between 
both types of ways of work can be explained and are coherent. All that confirms also the 
adequacy of the assessment methodology employed. 
As a whole, the assessment of the teachers on the analyzed results is very positive for the 
process of education - learning and it can be said that the course objectives have been 
reached. The experience showed the compatibility of the methodologies, but also the need of 
the most detailed follow-up of the virtual students, in comparison with face-to-face groups. 
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proposed tasks. 
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must make a greater effort to improve their knowledge through autonomous learning, and 
also it could give them greater capabilities in develop new initiatives, so it is an advantage 
of this virtual groups. 
In spite of the differences founded between the two kinds of teams, students have evaluated 
the development of competences in the subject in a very positive way, since in most cases 
the level of competence attainment is high. More over, those differences identified between 
both types of ways of work can be explained and are coherent. All that confirms also the 
adequacy of the assessment methodology employed. 
As a whole, the assessment of the teachers on the analyzed results is very positive for the 
process of education - learning and it can be said that the course objectives have been 
reached. The experience showed the compatibility of the methodologies, but also the need of 
the most detailed follow-up of the virtual students, in comparison with face-to-face groups. 
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1. Introduction 
 

Information and Communication Technology (ICT) has a dramatic impact on every 
facet of our lives. Many of the industrialized worlds are using Personal Computers (PC) 
and information or web appliances at home and at work. The number of world Internet 
users surpassed 400 million in year 2000 and will continue to grow strongly in the 
next 'five years. Most of the growths are in Asia, Latin America and parts of Europe. 
By the end of the year 2005 the number of worldwide Internet users will triple to 
1.17 billion. The worldwide scenario for the tear 2010 will be over 1.8 billion Internet 
users and over 1.4 billion PCs in use. There will be over 20 percent of the office workers 
using PCs at home and at work as well as over 2.5 billion web appliances in use. Over 25 
percent of office workers will also use web appliances at home and at work 
(Juliussen, 2001). Thus,  i t  can be concluded that the impact  of ICT plays a 
very important role in today's world. 
Subsequently, Malaysians' participation in the use of Internet by the end of the year 2005 
is said to increase to 25 percent. Datuk Tan Chaff Ho, the former Deputy Minister of 
Energy, Communications and Multimedia Ministry (2001) stated that computer 
ownership in Malaysia was eight people per 100 population in 2001 and is 
expected to increase to 15 by year-end and hit 30 by 2005. The world class standard for 
Internet user is 40 people per 100 population. Recognizing that the technological changes have 
become increasingly important in developing a knowledge-based economy, the 
Malaysian government is presently strengthening its ICT sector. Steps have been 
taken to encourage Malaysians to venture into the ICT sector. Some of the measures 
that have been taken by the Government to widen public accessibility to ICT are as 
follows: 
a tax rebate of RM400 on the purchase of a computer for the family. This rebate is allowed 
once in 5 years;  
loan facility for Government servants to purchase a computer is given once in their tenure of 
service; and EPF contributors are eligible to withdraw their contributions to purchase a 
computer for their children aged 10 years and above. (Malaysian Taxletter, 2001) 
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a tax rebate of RM400 on the purchase of a computer for the family. This rebate is allowed 
once in 5 years;  
loan facility for Government servants to purchase a computer is given once in their tenure of 
service; and EPF contributors are eligible to withdraw their contributions to purchase a 
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In the Eighth Malaysia Plan (2001 to 2005), the Malaysian Government had a located 
about RM5.2 billion to the ICT-related programs and projects. A total of RM 1.82 
billion were allocated for the Multimedia Super Corridor (MSC) flagships application 
(Economic Planning Unit, 2001). The MSC was meant to provide the most conducive 
environment to achieve the government's goal to be a world-class information and 
multimedia player in this information age (Ministry of Education, 1997). The MSC 
flagships include the E-Government, Smart School, Telehealth, Multi Purpose Card, 
Research and Development Cluster and Cross Flagship (Economic Planning Unit, 
2001). About 401 million Ringgit (RM) had been allocated for the Smart School 
flagships application and the money would be channeled out to more schools. 
During the Plan period, about 8,000 schools, nationwide would be supplied with 
computers. The use of ICT for teaching and learning would be expanded to ensure wider 
coverage of students, especially in rural schools. The development of courseware for 
Mathematics, Science, Bahasa Melayu and English Language would be intensified, while 
courseware fore other subjects would be developed. Information Technology (IT) is 
aimed at producing students with knowledge, thinking skills and innovations, which 
eventually contribute to the knowledge-based economy (Economic Planning Unit, 
2001).These moves show that the government aims at positioning Malaysia as a competitive 
knowledge-based economy that enables Malaysians to have equitable access to 
knowledge and inform ation. In line and in support of this vision, the main focus of the 
Malaysian Ministry of Education (MoE) now is to maximize utilization of these facilities. It 
can be achieved by internalizing the vision that calls for: 
...for sustained, productivity-driven growth, which will be achievable only with a 
technologically literate; critically thinking work force prepared to participate fully in the 
global economy of the 21st century. (MoE, 1997, p. 9) 
 
The Ministry of Education has proposed a technology-support Smart School or locally 
known as Sekolah Bestari to achieve the National Philosophy of Education (NPE) and 
subsequently developed a work force to meet the challenges of the 21st. Century. 
The NPE states that: 
Education in Malaysia is an on-going effort towards further developing the potential of 
individuals in a holistic and a integrated manner, so as to produce individuals who are 
intellectually, spiritually, emotionally and physically balanced and harmonious, based on a 
firm belief in and devotion to God. Such an effort is designed to produce Malaysian 
citizens who are knowledgeable and competent, who possess high moral standards, and who are 
responsible and capable of achieving a high level of personal well being as well as being able to 
contribute to the harmony and betterment of the family, the society and the nation at large. 
(MoE, 1997, p 19) 
It can be said that the Malaysian government is spending huge amount of money 
for the advancement of ICT use in schools. Thus, it is important to see that the ICT has 
been adopted in the schools. In line with the advancement of ICT use in the 
Malaysian school, the MoE has drawn-up an Education Development Program from 
year 2001 to year 2010 that sees ICT being incorporated as part of the education 
mission. In this program, ICT in education is one of the main focuses (MoE, 2001). 

 

2. Background of Research 
 

Research findings (Combs, 2000 and Taylor, 2000) showed that ICT motivate teachers 
and students in their learning process. Technology as a tool helps teachers to accomplish 
their educational goals with students. Both teachers and students took more 
responsibility for their own learning, and there were more opportunities for 
individualized and hands-on learning. Combs (2000) echoed in his finding that teachers 
and students have positive attitudes toward the use of technology in the 
classroom. Taylor (2000) carried out a two-year research on the impact of 
students' use of laptop technology at Swarthy Community College in 
Cambridgeshire, United Kingdom. It was reported that use of laptop did appear 
to have positive and significant impact on students' motivation and task orientation. 
The arrival of computer technology in the classroom has changed the way lessons and 
information is presented to teachers and students. According to Simonson and 
Thompson (1997), being able to read and write was no longer adequate for the 
Information Age. They argued that a computer, which was at its basis, a 
communication tool, provides fertile ground on which information literacy skills 
could be nurtured. Forcheri, Molfino and Quarati (2000) pointed out that technological 
innovation called on teachers to modify their role to introduce new contents, tools 
and methods. They stressed that teachers had to shift away from traditional mode 
to a new one. Lebrun (2000) emphasized that changes from a traditional mode to a new 
one, supported by technological tools go through different phases: a phase of 
"assimilation" in which the new tools are used "like' the old one and a phase of 
"accommodation" in which the new tools find a particular "niche" for themselves 
which demands time and effort. The phases demand time and effort of all the 
players involved in this new environment. 
Putting the innovation into practice was a difficult and demanding task (Anderson, 1995). 
It was hard work, and it took a lot of time over an extended period of not months but 
years. Teachers who are engaged in this new revolution are personally interested in 
the process and devote large amounts of time and effort to it. Hawa (1986), 
Sharifah Maimunah (1990) and Sharifah Nor (1994) in their studies discovered that 
principals, teachers and students cooperation and hard work contributed to the success 
of innovation. Anderson further explained that the movement towards change would 
bring dilemmas. The tension between the ideal and what teachers can actually 
achieve is real, and change is never easy. The shift in the teacher's role from source of 
knowledge to facilitator of learning is itself a big shift that creates many problems. 
This concern could be seen at the World Education market 2002 in Portugal 21 - 24 
May 2002. During the conference it was reported that technology was not applied 
effectively to teaching and learning. Some teachers have fear of technology while 
others refuse to adapt (Gomez, 2002). Findings from national survey in late 1990's 
of teachers' education in preparing new teachers to use technology in the classroom, 
found that student teachers had access to computers and basic technology skills 
courses. However, they did not apply the technology in their teaching and learning 
(Bielefeldt, 2001). Although they had access to computer, they, did not have many 
examples of actual application of technology in teaching and learning. According to 
Becker (2000), the use of technology of K-12 teachers on a regular basis is only a small 
percentage. As Hall, Hord, Rutherford and Huling-Austin (1987) warned do not 
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can be achieved by internalizing the vision that calls for: 
...for sustained, productivity-driven growth, which will be achievable only with a 
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contribute to the harmony and betterment of the family, the society and the nation at large. 
(MoE, 1997, p 19) 
It can be said that the Malaysian government is spending huge amount of money 
for the advancement of ICT use in schools. Thus, it is important to see that the ICT has 
been adopted in the schools. In line with the advancement of ICT use in the 
Malaysian school, the MoE has drawn-up an Education Development Program from 
year 2001 to year 2010 that sees ICT being incorporated as part of the education 
mission. In this program, ICT in education is one of the main focuses (MoE, 2001). 
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individualized and hands-on learning. Combs (2000) echoed in his finding that teachers 
and students have positive attitudes toward the use of technology in the 
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assume people would use an innovation just because it had been introduced. 
Therefore, change is not an easy process. When an innovation is introduced, certain 
conditions need to be present. Conditions that can facilitate the implementation of 
innovation need to be fulfilled. Only then will the innovation be successful (Ely, 1999; 
Fullan, 2001). Theoretically, there are many models on change in education. Meaning of 
Educational Change by Fullan (2001), Conditions of Change framework by Ely (1999) 
and Diffusion of Innovation Model by Rogers (1995) are some of the models that have 
been identified to give better understanding on the implementation of ICT integration 
experienced by the teachers teaching in secondary schools. These models also act as 
a guide to answer the research objectives and research questions of this study.  
Fullan's (2001) factors affecting implementation are similar to Rogers and Ely's models in 
term of the "Characteristics of Change" and "Local Characteristics". Need clarity, 
complexity, and quality are four factors related to the characteristics of change. 
While, teacher, the principal, the student, the district administrator, the consultant, and 
the community which include the parent relate to local characteristics. The external 
factors include government and other agencies. It is found that if any one or more 
factors are working against implementation, then the process will be less effective. 
Ely (1999), on the other hand has identified eight conditions that facilitate the 
implementation of innovations. The eight conditions are dissatisfaction with the status quo, 
existence of knowledge and skills, availability of resources, availability of time, 
rewards or incentives exist, participation, commitment, and leadership. If all the eight 
conditions are present in the innovation introduced, it indicated that there is high 
probability of sustained implementation leading to institutionalization. The 
implementation of an innovation will not work if one or more of the conditions are 
absent and consequently, less likelihood of continuation. 
Rogers' (1995) diffusion process consists of knowledge, persuasion, decision, 
implementation and confirmation contributed to the Diffusion of Innovation model. An 
adopter of an innovation needs to learn about the innovation, be persuaded to try it out 
before making a decision to adopt or resist the innovation. Then, the adopters 
decide to continue or stop using the innovation. Rogers has also identified element of 
innovation attributes that will assist the adopter to accept or reject an innovation. This 
means that the innovation attributes, as perceived by an adopter help to explain their 
different rate of adoption. The elements of innovation attributes are trialability, 
compatibility, complexity, relative advantage, and observability. Fullan, Ely and Rogers 
had identified conditions that should be present during the implementation of 
innovation in education. These conditions complement each other. These conditions should 
be present for the innovation to be successfully implemented. Absence or lack of 
these conditions would see to the discontinuation or diffusion of the innovation. 
Based on the above discussion, the focus of this study is to look at the implementation of 
ICT integration in the Malaysian Smart School program locally known as Sekolah Bestari. 
The study also attempts to discover problems that emerge during the process of integrating 
ICT in the schools 

 

 

3. Methodology 
 

3.1 Research Design 
Exploring the implementation of ICT integration in Malaysian Smart Schools and 
identifying the problems that emerge during the process would call for a qualitative 
method. By using this method, the researchers would be able to discover the insight 
perspective of the people involved in the phenomenon. In-depth interviews, classroom 
observations and document reviews were used as a method to generate the data. 

 
3.2 The School 
In this study the focus was on Malaysian technology-rich secondary school, the Smart 
School. The reason being that the study looked at the reasons teachers in technology–rich 
school had all the facilities that should enable teachers to integrate ICT in the curriculum 
and the teachers were exposed and trained in using the technologies. 
Three Smart School in this study were chosen from the three levels of technology 
specifications started by the Smart School Pilot Project Team. School A had a technology B+ 
level; School B, a technology B level and School C, a technology A level. The minimal 
technology equipped was at Level B and the highest was at Level A. All the schools in this 
study had also acquired computers from other sources like contributions or donations in the 
form of monetary or hardware from parents, private sectors, PTA and from activities 
organized by the schools. 
All the schools were in urban area. The students came from middle class to upper class 
socio-economic group. Some had computers with or without Internet connections. Almost 
all the students were computer literate. 

 
3.2.1 School A 
The school had 80 computers under the Bestari project. They had three serves to link all the 
computers to Internet connection and LAN. With the schools existing computers, there were 
a total of 120 computers in this school. There were three computers were placed in fifteen 
classrooms and science lab, the resource centre, staff room, the serve room and the office. 
However, the researcher observed that the computer in the classrooms had been relocated to 
the four computer labs. There were no computers in all classrooms. In the form one 
classrooms, LCD was fixed permanently hanging from the roof. The LCDs were supplied to 
the school under the ETeMS’s1 project. 
Some of computer hardware found in this school were given by the ministry, individual, 
private sector, alumni and PTA. The school had also conducted several activities such as 
dinner, Jogathon and Walkathon to buy the computers, computer peripherals and to pay for 
computer maintenance and electricity bills. The school had tree routers that were connected 
to three computers labs and the Multimedia room situated in different buildings. This had 
enabled the teachers to use the computer, Internet and courseware. Some of the teachers’ 
computer could be used as standalone if there is a serve brake down. At the time this study 
was carried out, the computer system at one of the buildings was down due to faulty router. 

                                                                 
1 ETeMS  stands for English for Teaching Mathematics and Science.  
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all the students were computer literate. 

 
3.2.1 School A 
The school had 80 computers under the Bestari project. They had three serves to link all the 
computers to Internet connection and LAN. With the schools existing computers, there were 
a total of 120 computers in this school. There were three computers were placed in fifteen 
classrooms and science lab, the resource centre, staff room, the serve room and the office. 
However, the researcher observed that the computer in the classrooms had been relocated to 
the four computer labs. There were no computers in all classrooms. In the form one 
classrooms, LCD was fixed permanently hanging from the roof. The LCDs were supplied to 
the school under the ETeMS’s1 project. 
Some of computer hardware found in this school were given by the ministry, individual, 
private sector, alumni and PTA. The school had also conducted several activities such as 
dinner, Jogathon and Walkathon to buy the computers, computer peripherals and to pay for 
computer maintenance and electricity bills. The school had tree routers that were connected 
to three computers labs and the Multimedia room situated in different buildings. This had 
enabled the teachers to use the computer, Internet and courseware. Some of the teachers’ 
computer could be used as standalone if there is a serve brake down. At the time this study 
was carried out, the computer system at one of the buildings was down due to faulty router. 
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assume people would use an innovation just because it had been introduced. 
Therefore, change is not an easy process. When an innovation is introduced, certain 
conditions need to be present. Conditions that can facilitate the implementation of 
innovation need to be fulfilled. Only then will the innovation be successful (Ely, 1999; 
Fullan, 2001). Theoretically, there are many models on change in education. Meaning of 
Educational Change by Fullan (2001), Conditions of Change framework by Ely (1999) 
and Diffusion of Innovation Model by Rogers (1995) are some of the models that have 
been identified to give better understanding on the implementation of ICT integration 
experienced by the teachers teaching in secondary schools. These models also act as 
a guide to answer the research objectives and research questions of this study.  
Fullan's (2001) factors affecting implementation are similar to Rogers and Ely's models in 
term of the "Characteristics of Change" and "Local Characteristics". Need clarity, 
complexity, and quality are four factors related to the characteristics of change. 
While, teacher, the principal, the student, the district administrator, the consultant, and 
the community which include the parent relate to local characteristics. The external 
factors include government and other agencies. It is found that if any one or more 
factors are working against implementation, then the process will be less effective. 
Ely (1999), on the other hand has identified eight conditions that facilitate the 
implementation of innovations. The eight conditions are dissatisfaction with the status quo, 
existence of knowledge and skills, availability of resources, availability of time, 
rewards or incentives exist, participation, commitment, and leadership. If all the eight 
conditions are present in the innovation introduced, it indicated that there is high 
probability of sustained implementation leading to institutionalization. The 
implementation of an innovation will not work if one or more of the conditions are 
absent and consequently, less likelihood of continuation. 
Rogers' (1995) diffusion process consists of knowledge, persuasion, decision, 
implementation and confirmation contributed to the Diffusion of Innovation model. An 
adopter of an innovation needs to learn about the innovation, be persuaded to try it out 
before making a decision to adopt or resist the innovation. Then, the adopters 
decide to continue or stop using the innovation. Rogers has also identified element of 
innovation attributes that will assist the adopter to accept or reject an innovation. This 
means that the innovation attributes, as perceived by an adopter help to explain their 
different rate of adoption. The elements of innovation attributes are trialability, 
compatibility, complexity, relative advantage, and observability. Fullan, Ely and Rogers 
had identified conditions that should be present during the implementation of 
innovation in education. These conditions complement each other. These conditions should 
be present for the innovation to be successfully implemented. Absence or lack of 
these conditions would see to the discontinuation or diffusion of the innovation. 
Based on the above discussion, the focus of this study is to look at the implementation of 
ICT integration in the Malaysian Smart School program locally known as Sekolah Bestari. 
The study also attempts to discover problems that emerge during the process of integrating 
ICT in the schools 

 

 

3. Methodology 
 

3.1 Research Design 
Exploring the implementation of ICT integration in Malaysian Smart Schools and 
identifying the problems that emerge during the process would call for a qualitative 
method. By using this method, the researchers would be able to discover the insight 
perspective of the people involved in the phenomenon. In-depth interviews, classroom 
observations and document reviews were used as a method to generate the data. 

 
3.2 The School 
In this study the focus was on Malaysian technology-rich secondary school, the Smart 
School. The reason being that the study looked at the reasons teachers in technology–rich 
school had all the facilities that should enable teachers to integrate ICT in the curriculum 
and the teachers were exposed and trained in using the technologies. 
Three Smart School in this study were chosen from the three levels of technology 
specifications started by the Smart School Pilot Project Team. School A had a technology B+ 
level; School B, a technology B level and School C, a technology A level. The minimal 
technology equipped was at Level B and the highest was at Level A. All the schools in this 
study had also acquired computers from other sources like contributions or donations in the 
form of monetary or hardware from parents, private sectors, PTA and from activities 
organized by the schools. 
All the schools were in urban area. The students came from middle class to upper class 
socio-economic group. Some had computers with or without Internet connections. Almost 
all the students were computer literate. 

 
3.2.1 School A 
The school had 80 computers under the Bestari project. They had three serves to link all the 
computers to Internet connection and LAN. With the schools existing computers, there were 
a total of 120 computers in this school. There were three computers were placed in fifteen 
classrooms and science lab, the resource centre, staff room, the serve room and the office. 
However, the researcher observed that the computer in the classrooms had been relocated to 
the four computer labs. There were no computers in all classrooms. In the form one 
classrooms, LCD was fixed permanently hanging from the roof. The LCDs were supplied to 
the school under the ETeMS’s1 project. 
Some of computer hardware found in this school were given by the ministry, individual, 
private sector, alumni and PTA. The school had also conducted several activities such as 
dinner, Jogathon and Walkathon to buy the computers, computer peripherals and to pay for 
computer maintenance and electricity bills. The school had tree routers that were connected 
to three computers labs and the Multimedia room situated in different buildings. This had 
enabled the teachers to use the computer, Internet and courseware. Some of the teachers’ 
computer could be used as standalone if there is a serve brake down. At the time this study 
was carried out, the computer system at one of the buildings was down due to faulty router. 
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assume people would use an innovation just because it had been introduced. 
Therefore, change is not an easy process. When an innovation is introduced, certain 
conditions need to be present. Conditions that can facilitate the implementation of 
innovation need to be fulfilled. Only then will the innovation be successful (Ely, 1999; 
Fullan, 2001). Theoretically, there are many models on change in education. Meaning of 
Educational Change by Fullan (2001), Conditions of Change framework by Ely (1999) 
and Diffusion of Innovation Model by Rogers (1995) are some of the models that have 
been identified to give better understanding on the implementation of ICT integration 
experienced by the teachers teaching in secondary schools. These models also act as 
a guide to answer the research objectives and research questions of this study.  
Fullan's (2001) factors affecting implementation are similar to Rogers and Ely's models in 
term of the "Characteristics of Change" and "Local Characteristics". Need clarity, 
complexity, and quality are four factors related to the characteristics of change. 
While, teacher, the principal, the student, the district administrator, the consultant, and 
the community which include the parent relate to local characteristics. The external 
factors include government and other agencies. It is found that if any one or more 
factors are working against implementation, then the process will be less effective. 
Ely (1999), on the other hand has identified eight conditions that facilitate the 
implementation of innovations. The eight conditions are dissatisfaction with the status quo, 
existence of knowledge and skills, availability of resources, availability of time, 
rewards or incentives exist, participation, commitment, and leadership. If all the eight 
conditions are present in the innovation introduced, it indicated that there is high 
probability of sustained implementation leading to institutionalization. The 
implementation of an innovation will not work if one or more of the conditions are 
absent and consequently, less likelihood of continuation. 
Rogers' (1995) diffusion process consists of knowledge, persuasion, decision, 
implementation and confirmation contributed to the Diffusion of Innovation model. An 
adopter of an innovation needs to learn about the innovation, be persuaded to try it out 
before making a decision to adopt or resist the innovation. Then, the adopters 
decide to continue or stop using the innovation. Rogers has also identified element of 
innovation attributes that will assist the adopter to accept or reject an innovation. This 
means that the innovation attributes, as perceived by an adopter help to explain their 
different rate of adoption. The elements of innovation attributes are trialability, 
compatibility, complexity, relative advantage, and observability. Fullan, Ely and Rogers 
had identified conditions that should be present during the implementation of 
innovation in education. These conditions complement each other. These conditions should 
be present for the innovation to be successfully implemented. Absence or lack of 
these conditions would see to the discontinuation or diffusion of the innovation. 
Based on the above discussion, the focus of this study is to look at the implementation of 
ICT integration in the Malaysian Smart School program locally known as Sekolah Bestari. 
The study also attempts to discover problems that emerge during the process of integrating 
ICT in the schools 

 

 

3. Methodology 
 

3.1 Research Design 
Exploring the implementation of ICT integration in Malaysian Smart Schools and 
identifying the problems that emerge during the process would call for a qualitative 
method. By using this method, the researchers would be able to discover the insight 
perspective of the people involved in the phenomenon. In-depth interviews, classroom 
observations and document reviews were used as a method to generate the data. 

 
3.2 The School 
In this study the focus was on Malaysian technology-rich secondary school, the Smart 
School. The reason being that the study looked at the reasons teachers in technology–rich 
school had all the facilities that should enable teachers to integrate ICT in the curriculum 
and the teachers were exposed and trained in using the technologies. 
Three Smart School in this study were chosen from the three levels of technology 
specifications started by the Smart School Pilot Project Team. School A had a technology B+ 
level; School B, a technology B level and School C, a technology A level. The minimal 
technology equipped was at Level B and the highest was at Level A. All the schools in this 
study had also acquired computers from other sources like contributions or donations in the 
form of monetary or hardware from parents, private sectors, PTA and from activities 
organized by the schools. 
All the schools were in urban area. The students came from middle class to upper class 
socio-economic group. Some had computers with or without Internet connections. Almost 
all the students were computer literate. 

 
3.2.1 School A 
The school had 80 computers under the Bestari project. They had three serves to link all the 
computers to Internet connection and LAN. With the schools existing computers, there were 
a total of 120 computers in this school. There were three computers were placed in fifteen 
classrooms and science lab, the resource centre, staff room, the serve room and the office. 
However, the researcher observed that the computer in the classrooms had been relocated to 
the four computer labs. There were no computers in all classrooms. In the form one 
classrooms, LCD was fixed permanently hanging from the roof. The LCDs were supplied to 
the school under the ETeMS’s1 project. 
Some of computer hardware found in this school were given by the ministry, individual, 
private sector, alumni and PTA. The school had also conducted several activities such as 
dinner, Jogathon and Walkathon to buy the computers, computer peripherals and to pay for 
computer maintenance and electricity bills. The school had tree routers that were connected 
to three computers labs and the Multimedia room situated in different buildings. This had 
enabled the teachers to use the computer, Internet and courseware. Some of the teachers’ 
computer could be used as standalone if there is a serve brake down. At the time this study 
was carried out, the computer system at one of the buildings was down due to faulty router. 
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The router was strike by lighting about two months before the researcher’s fieldwork. 
Teachers and students could not access the SSMS2 and the Internet. 

 
3.2.2 School B 
School B had two computer labs, one for the Information Technology (IT) subject and the 
other for the Smart School project and a multimedia room. Unlike School A, School B did 
not have as many computers. The computers under the Smart School project were placed in 
the Smart School computer lab, 10 computers in the resource centre, 10 Smart School 
computers and 10 existing computers in Multimedia room and five computers in the staff 
room. The entire computers were connected to a server in a LAN environment with Internet 
connection using the lease line connection. They also had one new building specially built as 
a computer lab contributed by the PTA. Unfortunately, the room was empty as they were 
short of cash to buy the hardware at the time of the researcher’s fieldwork. Besides 
hardware given by the ministry, they also had computers in other rooms such as the English 
room, which were contributed by individual, private sector and bought from the money 
collected from the school activities. 
All the form one classrooms had a trolley with plug for LCD and computer connection was 
placed at the back of the classroom. If a teacher wants to use the laptop, he or she had to 
push the trolley to the front and fixed the equipment. There was a roll-up screen in front of 
the classroom. The ICT infrastructure in all the form one classes was provided by Ministry 
of Education for the ETeMS project.  

 
3.2.3 School C 
School C was one of the nine new schools selected for this project. This school had more 
technology infrastructure compared to School A and B. The hardware in these schools were 
located at the classroom, science lab, teacher’s computer room, computer lab, resource 
centre and office. They had more than 500 computers. They had two computer labs unlike 
School A and B. Each computer lab consisted of 30 computers, and LCD and one laser 
printer. 
Similar to School A and School B, School C had also made an effort to obtain computers 
from other resources. They had computers and money received from individual, private 
sector, alumni, PTA and the school had also organized activities for the purpose of buying 
and maintaining the computers. 

 
3.3 The informants 
The informants of this study consisted of twelve teachers, three principals, three heads of 
curriculum department and three ICT coordinators. The teachers formed the primary 
informants. The principals, head of curriculum department and ICT coordinators were the 
secondary informants. The data from primary informants were triangulated with the 
secondary informants. The informants were selected using purposeful samplings. 
Purposeful sampling is when the researcher select the individuals and sites with some 
purpose in mind (Creswell, 2002). In this study, the informants must have ICT knowledge 
that enables them to utilise the ICT. They must have the knowledge on how to operate the 
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hardware and software as well as actively involved in this project. They must also have 
teaching experience for more than three years in the school. This experience was important 
because the ICT integration was stressed in the teaching and learning in all Smart School. 
From each school, the teachers represented the four subjects, which had been revised by the 
curriculum to implement ICT integration in teaching and learning. The subjects were 
English Language, Bahasa Melayu (Malay Language), Mathematics and Science. All the 
teachers were interviewed as well as observed during the classroom observation to look at 
their use of ICT at work. The background description of every primary informant  of this 
study can be referred from section 3.3.1 below. In presenting the description, the informants 
were given fictitious names to protect their identities. The secondary informants, the 
Principals, Head of Curriculum Department who were also the Assistance Principals and 
ICT coordinators were also interviewed to get a better view of the implementation of the 
innovation. The principal’s role in this study was as the head of administrator who overseas 
the running of the school while the assistant principal acted as the head of curriculum 
implemented. The ICT coordinator was the technical support for the project and the person 
who supervised the running of the computer system. 

 
3.3.1 The Primary Informants Background 
The informant come from different levels of Smart School, they had different amount of 
working experience, and taught different subjects. They, however, shared common 
characteristics; they were teachers from Smart School and they had ICT knowledge. 
Most of the teachers in this study had attended 14-weeks Bestari course on Smart Teaching 
and Learning conducted by the Teacher Education Division, Ministry of Education of 
Malaysia. Some of them had not attended the course but had been exposed to the project 
and computer related courses and in-house training session organized by the school. Only 
few of the teachers had no computer and Internet connection. Those teachers who had no 
computer and internet connection had used the school computer or had borrowed laptop 
from the school. For example, Mdm. Chu of School C had the school’s permission to borrow 
the school laptop when she needed to do her schoolwork at home. Most of the time she 
stayed back in school to prepare her lesson or do school work. 
Most of the teacher had more than five years of teaching experience. This showed that at the 
point this study was carried out, they were experiencing a transition period from traditional 
teaching method to the latest teaching method of integrating ICT in their teaching. The 
traditional teaching method was more focused on teacher-centred approach. In discussing 
the finding, this information had influenced the teacher’s decision to integrate ICT in his or 
her lesson. All the teachers in the study were having almost the same amount of teaching 
periods according to the subject taught except for Mdm. Bala of School B who had less 
teaching period because she was the head of the subject department. 

 
3.3.1.1 School A 
Below is the description of every informant. 
Mr. Alias had sixteen years of teaching experience. He taught Mathematics to form three* 
and form five* students and Additional Math for form four and form  five students. He was 
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The router was strike by lighting about two months before the researcher’s fieldwork. 
Teachers and students could not access the SSMS2 and the Internet. 

 
3.2.2 School B 
School B had two computer labs, one for the Information Technology (IT) subject and the 
other for the Smart School project and a multimedia room. Unlike School A, School B did 
not have as many computers. The computers under the Smart School project were placed in 
the Smart School computer lab, 10 computers in the resource centre, 10 Smart School 
computers and 10 existing computers in Multimedia room and five computers in the staff 
room. The entire computers were connected to a server in a LAN environment with Internet 
connection using the lease line connection. They also had one new building specially built as 
a computer lab contributed by the PTA. Unfortunately, the room was empty as they were 
short of cash to buy the hardware at the time of the researcher’s fieldwork. Besides 
hardware given by the ministry, they also had computers in other rooms such as the English 
room, which were contributed by individual, private sector and bought from the money 
collected from the school activities. 
All the form one classrooms had a trolley with plug for LCD and computer connection was 
placed at the back of the classroom. If a teacher wants to use the laptop, he or she had to 
push the trolley to the front and fixed the equipment. There was a roll-up screen in front of 
the classroom. The ICT infrastructure in all the form one classes was provided by Ministry 
of Education for the ETeMS project.  

 
3.2.3 School C 
School C was one of the nine new schools selected for this project. This school had more 
technology infrastructure compared to School A and B. The hardware in these schools were 
located at the classroom, science lab, teacher’s computer room, computer lab, resource 
centre and office. They had more than 500 computers. They had two computer labs unlike 
School A and B. Each computer lab consisted of 30 computers, and LCD and one laser 
printer. 
Similar to School A and School B, School C had also made an effort to obtain computers 
from other resources. They had computers and money received from individual, private 
sector, alumni, PTA and the school had also organized activities for the purpose of buying 
and maintaining the computers. 

 
3.3 The informants 
The informants of this study consisted of twelve teachers, three principals, three heads of 
curriculum department and three ICT coordinators. The teachers formed the primary 
informants. The principals, head of curriculum department and ICT coordinators were the 
secondary informants. The data from primary informants were triangulated with the 
secondary informants. The informants were selected using purposeful samplings. 
Purposeful sampling is when the researcher select the individuals and sites with some 
purpose in mind (Creswell, 2002). In this study, the informants must have ICT knowledge 
that enables them to utilise the ICT. They must have the knowledge on how to operate the 
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hardware and software as well as actively involved in this project. They must also have 
teaching experience for more than three years in the school. This experience was important 
because the ICT integration was stressed in the teaching and learning in all Smart School. 
From each school, the teachers represented the four subjects, which had been revised by the 
curriculum to implement ICT integration in teaching and learning. The subjects were 
English Language, Bahasa Melayu (Malay Language), Mathematics and Science. All the 
teachers were interviewed as well as observed during the classroom observation to look at 
their use of ICT at work. The background description of every primary informant  of this 
study can be referred from section 3.3.1 below. In presenting the description, the informants 
were given fictitious names to protect their identities. The secondary informants, the 
Principals, Head of Curriculum Department who were also the Assistance Principals and 
ICT coordinators were also interviewed to get a better view of the implementation of the 
innovation. The principal’s role in this study was as the head of administrator who overseas 
the running of the school while the assistant principal acted as the head of curriculum 
implemented. The ICT coordinator was the technical support for the project and the person 
who supervised the running of the computer system. 

 
3.3.1 The Primary Informants Background 
The informant come from different levels of Smart School, they had different amount of 
working experience, and taught different subjects. They, however, shared common 
characteristics; they were teachers from Smart School and they had ICT knowledge. 
Most of the teachers in this study had attended 14-weeks Bestari course on Smart Teaching 
and Learning conducted by the Teacher Education Division, Ministry of Education of 
Malaysia. Some of them had not attended the course but had been exposed to the project 
and computer related courses and in-house training session organized by the school. Only 
few of the teachers had no computer and Internet connection. Those teachers who had no 
computer and internet connection had used the school computer or had borrowed laptop 
from the school. For example, Mdm. Chu of School C had the school’s permission to borrow 
the school laptop when she needed to do her schoolwork at home. Most of the time she 
stayed back in school to prepare her lesson or do school work. 
Most of the teacher had more than five years of teaching experience. This showed that at the 
point this study was carried out, they were experiencing a transition period from traditional 
teaching method to the latest teaching method of integrating ICT in their teaching. The 
traditional teaching method was more focused on teacher-centred approach. In discussing 
the finding, this information had influenced the teacher’s decision to integrate ICT in his or 
her lesson. All the teachers in the study were having almost the same amount of teaching 
periods according to the subject taught except for Mdm. Bala of School B who had less 
teaching period because she was the head of the subject department. 

 
3.3.1.1 School A 
Below is the description of every informant. 
Mr. Alias had sixteen years of teaching experience. He taught Mathematics to form three* 
and form five* students and Additional Math for form four and form  five students. He was 
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The router was strike by lighting about two months before the researcher’s fieldwork. 
Teachers and students could not access the SSMS2 and the Internet. 

 
3.2.2 School B 
School B had two computer labs, one for the Information Technology (IT) subject and the 
other for the Smart School project and a multimedia room. Unlike School A, School B did 
not have as many computers. The computers under the Smart School project were placed in 
the Smart School computer lab, 10 computers in the resource centre, 10 Smart School 
computers and 10 existing computers in Multimedia room and five computers in the staff 
room. The entire computers were connected to a server in a LAN environment with Internet 
connection using the lease line connection. They also had one new building specially built as 
a computer lab contributed by the PTA. Unfortunately, the room was empty as they were 
short of cash to buy the hardware at the time of the researcher’s fieldwork. Besides 
hardware given by the ministry, they also had computers in other rooms such as the English 
room, which were contributed by individual, private sector and bought from the money 
collected from the school activities. 
All the form one classrooms had a trolley with plug for LCD and computer connection was 
placed at the back of the classroom. If a teacher wants to use the laptop, he or she had to 
push the trolley to the front and fixed the equipment. There was a roll-up screen in front of 
the classroom. The ICT infrastructure in all the form one classes was provided by Ministry 
of Education for the ETeMS project.  

 
3.2.3 School C 
School C was one of the nine new schools selected for this project. This school had more 
technology infrastructure compared to School A and B. The hardware in these schools were 
located at the classroom, science lab, teacher’s computer room, computer lab, resource 
centre and office. They had more than 500 computers. They had two computer labs unlike 
School A and B. Each computer lab consisted of 30 computers, and LCD and one laser 
printer. 
Similar to School A and School B, School C had also made an effort to obtain computers 
from other resources. They had computers and money received from individual, private 
sector, alumni, PTA and the school had also organized activities for the purpose of buying 
and maintaining the computers. 

 
3.3 The informants 
The informants of this study consisted of twelve teachers, three principals, three heads of 
curriculum department and three ICT coordinators. The teachers formed the primary 
informants. The principals, head of curriculum department and ICT coordinators were the 
secondary informants. The data from primary informants were triangulated with the 
secondary informants. The informants were selected using purposeful samplings. 
Purposeful sampling is when the researcher select the individuals and sites with some 
purpose in mind (Creswell, 2002). In this study, the informants must have ICT knowledge 
that enables them to utilise the ICT. They must have the knowledge on how to operate the 
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hardware and software as well as actively involved in this project. They must also have 
teaching experience for more than three years in the school. This experience was important 
because the ICT integration was stressed in the teaching and learning in all Smart School. 
From each school, the teachers represented the four subjects, which had been revised by the 
curriculum to implement ICT integration in teaching and learning. The subjects were 
English Language, Bahasa Melayu (Malay Language), Mathematics and Science. All the 
teachers were interviewed as well as observed during the classroom observation to look at 
their use of ICT at work. The background description of every primary informant  of this 
study can be referred from section 3.3.1 below. In presenting the description, the informants 
were given fictitious names to protect their identities. The secondary informants, the 
Principals, Head of Curriculum Department who were also the Assistance Principals and 
ICT coordinators were also interviewed to get a better view of the implementation of the 
innovation. The principal’s role in this study was as the head of administrator who overseas 
the running of the school while the assistant principal acted as the head of curriculum 
implemented. The ICT coordinator was the technical support for the project and the person 
who supervised the running of the computer system. 

 
3.3.1 The Primary Informants Background 
The informant come from different levels of Smart School, they had different amount of 
working experience, and taught different subjects. They, however, shared common 
characteristics; they were teachers from Smart School and they had ICT knowledge. 
Most of the teachers in this study had attended 14-weeks Bestari course on Smart Teaching 
and Learning conducted by the Teacher Education Division, Ministry of Education of 
Malaysia. Some of them had not attended the course but had been exposed to the project 
and computer related courses and in-house training session organized by the school. Only 
few of the teachers had no computer and Internet connection. Those teachers who had no 
computer and internet connection had used the school computer or had borrowed laptop 
from the school. For example, Mdm. Chu of School C had the school’s permission to borrow 
the school laptop when she needed to do her schoolwork at home. Most of the time she 
stayed back in school to prepare her lesson or do school work. 
Most of the teacher had more than five years of teaching experience. This showed that at the 
point this study was carried out, they were experiencing a transition period from traditional 
teaching method to the latest teaching method of integrating ICT in their teaching. The 
traditional teaching method was more focused on teacher-centred approach. In discussing 
the finding, this information had influenced the teacher’s decision to integrate ICT in his or 
her lesson. All the teachers in the study were having almost the same amount of teaching 
periods according to the subject taught except for Mdm. Bala of School B who had less 
teaching period because she was the head of the subject department. 

 
3.3.1.1 School A 
Below is the description of every informant. 
Mr. Alias had sixteen years of teaching experience. He taught Mathematics to form three* 
and form five* students and Additional Math for form four and form  five students. He was 
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The router was strike by lighting about two months before the researcher’s fieldwork. 
Teachers and students could not access the SSMS2 and the Internet. 

 
3.2.2 School B 
School B had two computer labs, one for the Information Technology (IT) subject and the 
other for the Smart School project and a multimedia room. Unlike School A, School B did 
not have as many computers. The computers under the Smart School project were placed in 
the Smart School computer lab, 10 computers in the resource centre, 10 Smart School 
computers and 10 existing computers in Multimedia room and five computers in the staff 
room. The entire computers were connected to a server in a LAN environment with Internet 
connection using the lease line connection. They also had one new building specially built as 
a computer lab contributed by the PTA. Unfortunately, the room was empty as they were 
short of cash to buy the hardware at the time of the researcher’s fieldwork. Besides 
hardware given by the ministry, they also had computers in other rooms such as the English 
room, which were contributed by individual, private sector and bought from the money 
collected from the school activities. 
All the form one classrooms had a trolley with plug for LCD and computer connection was 
placed at the back of the classroom. If a teacher wants to use the laptop, he or she had to 
push the trolley to the front and fixed the equipment. There was a roll-up screen in front of 
the classroom. The ICT infrastructure in all the form one classes was provided by Ministry 
of Education for the ETeMS project.  

 
3.2.3 School C 
School C was one of the nine new schools selected for this project. This school had more 
technology infrastructure compared to School A and B. The hardware in these schools were 
located at the classroom, science lab, teacher’s computer room, computer lab, resource 
centre and office. They had more than 500 computers. They had two computer labs unlike 
School A and B. Each computer lab consisted of 30 computers, and LCD and one laser 
printer. 
Similar to School A and School B, School C had also made an effort to obtain computers 
from other resources. They had computers and money received from individual, private 
sector, alumni, PTA and the school had also organized activities for the purpose of buying 
and maintaining the computers. 

 
3.3 The informants 
The informants of this study consisted of twelve teachers, three principals, three heads of 
curriculum department and three ICT coordinators. The teachers formed the primary 
informants. The principals, head of curriculum department and ICT coordinators were the 
secondary informants. The data from primary informants were triangulated with the 
secondary informants. The informants were selected using purposeful samplings. 
Purposeful sampling is when the researcher select the individuals and sites with some 
purpose in mind (Creswell, 2002). In this study, the informants must have ICT knowledge 
that enables them to utilise the ICT. They must have the knowledge on how to operate the 
                                                                 
2 SMSS stand for Smart School Management System 

 

hardware and software as well as actively involved in this project. They must also have 
teaching experience for more than three years in the school. This experience was important 
because the ICT integration was stressed in the teaching and learning in all Smart School. 
From each school, the teachers represented the four subjects, which had been revised by the 
curriculum to implement ICT integration in teaching and learning. The subjects were 
English Language, Bahasa Melayu (Malay Language), Mathematics and Science. All the 
teachers were interviewed as well as observed during the classroom observation to look at 
their use of ICT at work. The background description of every primary informant  of this 
study can be referred from section 3.3.1 below. In presenting the description, the informants 
were given fictitious names to protect their identities. The secondary informants, the 
Principals, Head of Curriculum Department who were also the Assistance Principals and 
ICT coordinators were also interviewed to get a better view of the implementation of the 
innovation. The principal’s role in this study was as the head of administrator who overseas 
the running of the school while the assistant principal acted as the head of curriculum 
implemented. The ICT coordinator was the technical support for the project and the person 
who supervised the running of the computer system. 

 
3.3.1 The Primary Informants Background 
The informant come from different levels of Smart School, they had different amount of 
working experience, and taught different subjects. They, however, shared common 
characteristics; they were teachers from Smart School and they had ICT knowledge. 
Most of the teachers in this study had attended 14-weeks Bestari course on Smart Teaching 
and Learning conducted by the Teacher Education Division, Ministry of Education of 
Malaysia. Some of them had not attended the course but had been exposed to the project 
and computer related courses and in-house training session organized by the school. Only 
few of the teachers had no computer and Internet connection. Those teachers who had no 
computer and internet connection had used the school computer or had borrowed laptop 
from the school. For example, Mdm. Chu of School C had the school’s permission to borrow 
the school laptop when she needed to do her schoolwork at home. Most of the time she 
stayed back in school to prepare her lesson or do school work. 
Most of the teacher had more than five years of teaching experience. This showed that at the 
point this study was carried out, they were experiencing a transition period from traditional 
teaching method to the latest teaching method of integrating ICT in their teaching. The 
traditional teaching method was more focused on teacher-centred approach. In discussing 
the finding, this information had influenced the teacher’s decision to integrate ICT in his or 
her lesson. All the teachers in the study were having almost the same amount of teaching 
periods according to the subject taught except for Mdm. Bala of School B who had less 
teaching period because she was the head of the subject department. 

 
3.3.1.1 School A 
Below is the description of every informant. 
Mr. Alias had sixteen years of teaching experience. He taught Mathematics to form three* 
and form five* students and Additional Math for form four and form  five students. He was 

                                                                 
* Form three, form four and form five is equivalent to junior high. 
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involved with the construction of examination questions for lower and upper secondary 
schools at the Ministry level. He owns a computer with Internet connection. He had also 
attended other ICT related courses such as Microsoft Words and Multimedia. 
Mdm Aini was a Science teacher. She had five years of teaching experience. School A was 
her first posting. She taught Biology to form four and form five students, and Science in 
form two. Besides teaching, she was also the school hostel warden. She taught form two and 
form four Science students. Although she had not attended the 14-weeks Bestari course, she 
was exposed to the program through the school in-house training. She had also attended 
ICT related course on building homepage, Microsoft Words and Excel program. She had a 
computer but had no Internet connection. She used the school computer to get access to the 
net. 
Mdm. Ang was an English teacher. She had been teaching for five years. She taught English 
Language to form one, four and five students. She was also a teacher trainer for ETeMS 
project. Like Mdm. Aini, she had five years working experience and School A was her first 
posting. Some of the computer related courses that she had attended were ETeMS course 
and Power Point. She had also attended in-house training on Smart School. 
Mdm. Alia taught Bahasa Melayu (Malay Language) in form three, form four and form five 
classes. She had eleven years of teaching experience. It was her third year in School A. 
Previously she was teaching in one of the boarding schools. She owned a computer with 
Internet connection. Computer related courses that she had attended were 14-week Bestari 
course and Microsoft PowerPoint. She was also involved with the evaluation of Smart 
School’s courseware. 

 
3.3.1.2 School B 
Mdm. Badariah taught Mathematics and Geography in form one. She also the school library 
teacher. She had twelve years of teaching experience. She owned a computer with Internet 
connection. The computer related courses that she had attended were 14-week Bestari 
course and Media Material Production course. 
Mdm. Bala taught Science in form four and Mathematics in form five. She was the head of 
department for Science and Mathematics. She had twenty-six years of teaching experience. 
School B was her second school. She owned a computer with Internet connection. The only 
computer related course that she had attended was Microsoft Office. She had also attended 
meeting related to implementation of Smart School project. 
Mdm. Bedah taught English Language in Form two and Form three. She had twenty years 
of teaching experience. She owned a computer with Internet connection. The computer 
related course that she had attended was the 14-week Bestari course. She has also conducted 
in-house on Bestari course for the school. 
Mdm. Boon taught Bahasa Melayu in form four and form five. She was the head of Bahasa 
Melayu Panitia. She had fifteen years of teaching experience. She owned a computer with 
Internet connection. The computer related course that she had attended was 14-week Bestari 
course. 

 

                                                                                                                                                                   
 

 

3.3.1.3 School C 
Mdm. Camelia had eighteen years of teaching experience. She taught Mathematics in form 
four and Additional Math in form five. The computer related courses that she had attended 
were Intel Teaching to the Future and 14-week Bestari course. 
Mdm. Cempaka taught Science in form one and form three. She was also the school 
Examination Board secretary. She had eighteen years of teaching experience. She had been 
in School C since her first posting. She owned a computer with Internet connection. The 
computer related courses that she had attended were Phase I and II computer course, Intel 
Teaching to the Future, and ETeMS course. She had also attended a self-sponsored course of 
Microsoft Office before Bestari project was launched. 
Mdm. Chandra had nine years of teaching experience. School C was not her first school. She 
had applied to be posted to this school. She taught English in form five and form three. She 
also taught Moral Education in form three and Physical Education to form four. She owned 
computer with Internet connection. Computer related courses that she had attended were 
Intel Teaching to the Future and 14-week Bestari course. 
Mdm. Chu taught Bahasa Melayu in form two and History to form two and three students. 
She had five years of teaching experience. She did not own a computer. The computer 
related course that she had attended were Multimedia Learning System (MMLS) and Intel 
Teaching to the Future. 

 
3.4 Data Gathering 
The duration of data gathering took about five weeks per school. Classroom observations 
were carried out first, followed by in-depth interview. Yin (1989) explained that the 
observation was an opportunity for the researcher to gather evidence for a case study. Since 
the study was to look at technology at work, observation was crucial for further 
understanding of issues that emerged during the implementation. Besides that, classroom 
observation triangulated the findings with the findings from the interviews and documents 
(Merriam, 1998). The classroom observation looked at evidence of ICT access in the 
classroom, students’ related ICT activities, software and courseware applications that were 
being used and teacher’s teaching practices in using ICT. During the classroom 
observations, the researchers had written field notes which included the basic information of 
date, place of event, people involved, the physical setting, and occurrences of interaction 
and activities that had taken place. 

 
3.4.1 In-depth interview 
Interviews were carried out with the informants after the classroom observation. The 
interview was designed to elicit in-depth feedback in relation to teachers’ own experience in 
integrating ICT within the classroom. It was carried out in a non-threatening atmosphere. 
The questions were semi-structured type of questions. The interview aims to access whether 
teachers integrate or do not integrate ICT in their teaching and learning process and not 
how they feel about it (Hall & Hord, 1987). 
There were two phases of interviewing. The first phase was the formal interview session 
whereby the researchers explored the topics for investigation. Then, the second phase was to 
check the reliability of the data collected from the informants earlier. The informants were 
asked to read the transcriptions of their interview to see if there were any misinterpretations 
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involved with the construction of examination questions for lower and upper secondary 
schools at the Ministry level. He owns a computer with Internet connection. He had also 
attended other ICT related courses such as Microsoft Words and Multimedia. 
Mdm Aini was a Science teacher. She had five years of teaching experience. School A was 
her first posting. She taught Biology to form four and form five students, and Science in 
form two. Besides teaching, she was also the school hostel warden. She taught form two and 
form four Science students. Although she had not attended the 14-weeks Bestari course, she 
was exposed to the program through the school in-house training. She had also attended 
ICT related course on building homepage, Microsoft Words and Excel program. She had a 
computer but had no Internet connection. She used the school computer to get access to the 
net. 
Mdm. Ang was an English teacher. She had been teaching for five years. She taught English 
Language to form one, four and five students. She was also a teacher trainer for ETeMS 
project. Like Mdm. Aini, she had five years working experience and School A was her first 
posting. Some of the computer related courses that she had attended were ETeMS course 
and Power Point. She had also attended in-house training on Smart School. 
Mdm. Alia taught Bahasa Melayu (Malay Language) in form three, form four and form five 
classes. She had eleven years of teaching experience. It was her third year in School A. 
Previously she was teaching in one of the boarding schools. She owned a computer with 
Internet connection. Computer related courses that she had attended were 14-week Bestari 
course and Microsoft PowerPoint. She was also involved with the evaluation of Smart 
School’s courseware. 

 
3.3.1.2 School B 
Mdm. Badariah taught Mathematics and Geography in form one. She also the school library 
teacher. She had twelve years of teaching experience. She owned a computer with Internet 
connection. The computer related courses that she had attended were 14-week Bestari 
course and Media Material Production course. 
Mdm. Bala taught Science in form four and Mathematics in form five. She was the head of 
department for Science and Mathematics. She had twenty-six years of teaching experience. 
School B was her second school. She owned a computer with Internet connection. The only 
computer related course that she had attended was Microsoft Office. She had also attended 
meeting related to implementation of Smart School project. 
Mdm. Bedah taught English Language in Form two and Form three. She had twenty years 
of teaching experience. She owned a computer with Internet connection. The computer 
related course that she had attended was the 14-week Bestari course. She has also conducted 
in-house on Bestari course for the school. 
Mdm. Boon taught Bahasa Melayu in form four and form five. She was the head of Bahasa 
Melayu Panitia. She had fifteen years of teaching experience. She owned a computer with 
Internet connection. The computer related course that she had attended was 14-week Bestari 
course. 

 

                                                                                                                                                                   
 

 

3.3.1.3 School C 
Mdm. Camelia had eighteen years of teaching experience. She taught Mathematics in form 
four and Additional Math in form five. The computer related courses that she had attended 
were Intel Teaching to the Future and 14-week Bestari course. 
Mdm. Cempaka taught Science in form one and form three. She was also the school 
Examination Board secretary. She had eighteen years of teaching experience. She had been 
in School C since her first posting. She owned a computer with Internet connection. The 
computer related courses that she had attended were Phase I and II computer course, Intel 
Teaching to the Future, and ETeMS course. She had also attended a self-sponsored course of 
Microsoft Office before Bestari project was launched. 
Mdm. Chandra had nine years of teaching experience. School C was not her first school. She 
had applied to be posted to this school. She taught English in form five and form three. She 
also taught Moral Education in form three and Physical Education to form four. She owned 
computer with Internet connection. Computer related courses that she had attended were 
Intel Teaching to the Future and 14-week Bestari course. 
Mdm. Chu taught Bahasa Melayu in form two and History to form two and three students. 
She had five years of teaching experience. She did not own a computer. The computer 
related course that she had attended were Multimedia Learning System (MMLS) and Intel 
Teaching to the Future. 

 
3.4 Data Gathering 
The duration of data gathering took about five weeks per school. Classroom observations 
were carried out first, followed by in-depth interview. Yin (1989) explained that the 
observation was an opportunity for the researcher to gather evidence for a case study. Since 
the study was to look at technology at work, observation was crucial for further 
understanding of issues that emerged during the implementation. Besides that, classroom 
observation triangulated the findings with the findings from the interviews and documents 
(Merriam, 1998). The classroom observation looked at evidence of ICT access in the 
classroom, students’ related ICT activities, software and courseware applications that were 
being used and teacher’s teaching practices in using ICT. During the classroom 
observations, the researchers had written field notes which included the basic information of 
date, place of event, people involved, the physical setting, and occurrences of interaction 
and activities that had taken place. 

 
3.4.1 In-depth interview 
Interviews were carried out with the informants after the classroom observation. The 
interview was designed to elicit in-depth feedback in relation to teachers’ own experience in 
integrating ICT within the classroom. It was carried out in a non-threatening atmosphere. 
The questions were semi-structured type of questions. The interview aims to access whether 
teachers integrate or do not integrate ICT in their teaching and learning process and not 
how they feel about it (Hall & Hord, 1987). 
There were two phases of interviewing. The first phase was the formal interview session 
whereby the researchers explored the topics for investigation. Then, the second phase was to 
check the reliability of the data collected from the informants earlier. The informants were 
asked to read the transcriptions of their interview to see if there were any misinterpretations 
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involved with the construction of examination questions for lower and upper secondary 
schools at the Ministry level. He owns a computer with Internet connection. He had also 
attended other ICT related courses such as Microsoft Words and Multimedia. 
Mdm Aini was a Science teacher. She had five years of teaching experience. School A was 
her first posting. She taught Biology to form four and form five students, and Science in 
form two. Besides teaching, she was also the school hostel warden. She taught form two and 
form four Science students. Although she had not attended the 14-weeks Bestari course, she 
was exposed to the program through the school in-house training. She had also attended 
ICT related course on building homepage, Microsoft Words and Excel program. She had a 
computer but had no Internet connection. She used the school computer to get access to the 
net. 
Mdm. Ang was an English teacher. She had been teaching for five years. She taught English 
Language to form one, four and five students. She was also a teacher trainer for ETeMS 
project. Like Mdm. Aini, she had five years working experience and School A was her first 
posting. Some of the computer related courses that she had attended were ETeMS course 
and Power Point. She had also attended in-house training on Smart School. 
Mdm. Alia taught Bahasa Melayu (Malay Language) in form three, form four and form five 
classes. She had eleven years of teaching experience. It was her third year in School A. 
Previously she was teaching in one of the boarding schools. She owned a computer with 
Internet connection. Computer related courses that she had attended were 14-week Bestari 
course and Microsoft PowerPoint. She was also involved with the evaluation of Smart 
School’s courseware. 

 
3.3.1.2 School B 
Mdm. Badariah taught Mathematics and Geography in form one. She also the school library 
teacher. She had twelve years of teaching experience. She owned a computer with Internet 
connection. The computer related courses that she had attended were 14-week Bestari 
course and Media Material Production course. 
Mdm. Bala taught Science in form four and Mathematics in form five. She was the head of 
department for Science and Mathematics. She had twenty-six years of teaching experience. 
School B was her second school. She owned a computer with Internet connection. The only 
computer related course that she had attended was Microsoft Office. She had also attended 
meeting related to implementation of Smart School project. 
Mdm. Bedah taught English Language in Form two and Form three. She had twenty years 
of teaching experience. She owned a computer with Internet connection. The computer 
related course that she had attended was the 14-week Bestari course. She has also conducted 
in-house on Bestari course for the school. 
Mdm. Boon taught Bahasa Melayu in form four and form five. She was the head of Bahasa 
Melayu Panitia. She had fifteen years of teaching experience. She owned a computer with 
Internet connection. The computer related course that she had attended was 14-week Bestari 
course. 

 

                                                                                                                                                                   
 

 

3.3.1.3 School C 
Mdm. Camelia had eighteen years of teaching experience. She taught Mathematics in form 
four and Additional Math in form five. The computer related courses that she had attended 
were Intel Teaching to the Future and 14-week Bestari course. 
Mdm. Cempaka taught Science in form one and form three. She was also the school 
Examination Board secretary. She had eighteen years of teaching experience. She had been 
in School C since her first posting. She owned a computer with Internet connection. The 
computer related courses that she had attended were Phase I and II computer course, Intel 
Teaching to the Future, and ETeMS course. She had also attended a self-sponsored course of 
Microsoft Office before Bestari project was launched. 
Mdm. Chandra had nine years of teaching experience. School C was not her first school. She 
had applied to be posted to this school. She taught English in form five and form three. She 
also taught Moral Education in form three and Physical Education to form four. She owned 
computer with Internet connection. Computer related courses that she had attended were 
Intel Teaching to the Future and 14-week Bestari course. 
Mdm. Chu taught Bahasa Melayu in form two and History to form two and three students. 
She had five years of teaching experience. She did not own a computer. The computer 
related course that she had attended were Multimedia Learning System (MMLS) and Intel 
Teaching to the Future. 

 
3.4 Data Gathering 
The duration of data gathering took about five weeks per school. Classroom observations 
were carried out first, followed by in-depth interview. Yin (1989) explained that the 
observation was an opportunity for the researcher to gather evidence for a case study. Since 
the study was to look at technology at work, observation was crucial for further 
understanding of issues that emerged during the implementation. Besides that, classroom 
observation triangulated the findings with the findings from the interviews and documents 
(Merriam, 1998). The classroom observation looked at evidence of ICT access in the 
classroom, students’ related ICT activities, software and courseware applications that were 
being used and teacher’s teaching practices in using ICT. During the classroom 
observations, the researchers had written field notes which included the basic information of 
date, place of event, people involved, the physical setting, and occurrences of interaction 
and activities that had taken place. 

 
3.4.1 In-depth interview 
Interviews were carried out with the informants after the classroom observation. The 
interview was designed to elicit in-depth feedback in relation to teachers’ own experience in 
integrating ICT within the classroom. It was carried out in a non-threatening atmosphere. 
The questions were semi-structured type of questions. The interview aims to access whether 
teachers integrate or do not integrate ICT in their teaching and learning process and not 
how they feel about it (Hall & Hord, 1987). 
There were two phases of interviewing. The first phase was the formal interview session 
whereby the researchers explored the topics for investigation. Then, the second phase was to 
check the reliability of the data collected from the informants earlier. The informants were 
asked to read the transcriptions of their interview to see if there were any misinterpretations 
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involved with the construction of examination questions for lower and upper secondary 
schools at the Ministry level. He owns a computer with Internet connection. He had also 
attended other ICT related courses such as Microsoft Words and Multimedia. 
Mdm Aini was a Science teacher. She had five years of teaching experience. School A was 
her first posting. She taught Biology to form four and form five students, and Science in 
form two. Besides teaching, she was also the school hostel warden. She taught form two and 
form four Science students. Although she had not attended the 14-weeks Bestari course, she 
was exposed to the program through the school in-house training. She had also attended 
ICT related course on building homepage, Microsoft Words and Excel program. She had a 
computer but had no Internet connection. She used the school computer to get access to the 
net. 
Mdm. Ang was an English teacher. She had been teaching for five years. She taught English 
Language to form one, four and five students. She was also a teacher trainer for ETeMS 
project. Like Mdm. Aini, she had five years working experience and School A was her first 
posting. Some of the computer related courses that she had attended were ETeMS course 
and Power Point. She had also attended in-house training on Smart School. 
Mdm. Alia taught Bahasa Melayu (Malay Language) in form three, form four and form five 
classes. She had eleven years of teaching experience. It was her third year in School A. 
Previously she was teaching in one of the boarding schools. She owned a computer with 
Internet connection. Computer related courses that she had attended were 14-week Bestari 
course and Microsoft PowerPoint. She was also involved with the evaluation of Smart 
School’s courseware. 

 
3.3.1.2 School B 
Mdm. Badariah taught Mathematics and Geography in form one. She also the school library 
teacher. She had twelve years of teaching experience. She owned a computer with Internet 
connection. The computer related courses that she had attended were 14-week Bestari 
course and Media Material Production course. 
Mdm. Bala taught Science in form four and Mathematics in form five. She was the head of 
department for Science and Mathematics. She had twenty-six years of teaching experience. 
School B was her second school. She owned a computer with Internet connection. The only 
computer related course that she had attended was Microsoft Office. She had also attended 
meeting related to implementation of Smart School project. 
Mdm. Bedah taught English Language in Form two and Form three. She had twenty years 
of teaching experience. She owned a computer with Internet connection. The computer 
related course that she had attended was the 14-week Bestari course. She has also conducted 
in-house on Bestari course for the school. 
Mdm. Boon taught Bahasa Melayu in form four and form five. She was the head of Bahasa 
Melayu Panitia. She had fifteen years of teaching experience. She owned a computer with 
Internet connection. The computer related course that she had attended was 14-week Bestari 
course. 

 

                                                                                                                                                                   
 

 

3.3.1.3 School C 
Mdm. Camelia had eighteen years of teaching experience. She taught Mathematics in form 
four and Additional Math in form five. The computer related courses that she had attended 
were Intel Teaching to the Future and 14-week Bestari course. 
Mdm. Cempaka taught Science in form one and form three. She was also the school 
Examination Board secretary. She had eighteen years of teaching experience. She had been 
in School C since her first posting. She owned a computer with Internet connection. The 
computer related courses that she had attended were Phase I and II computer course, Intel 
Teaching to the Future, and ETeMS course. She had also attended a self-sponsored course of 
Microsoft Office before Bestari project was launched. 
Mdm. Chandra had nine years of teaching experience. School C was not her first school. She 
had applied to be posted to this school. She taught English in form five and form three. She 
also taught Moral Education in form three and Physical Education to form four. She owned 
computer with Internet connection. Computer related courses that she had attended were 
Intel Teaching to the Future and 14-week Bestari course. 
Mdm. Chu taught Bahasa Melayu in form two and History to form two and three students. 
She had five years of teaching experience. She did not own a computer. The computer 
related course that she had attended were Multimedia Learning System (MMLS) and Intel 
Teaching to the Future. 

 
3.4 Data Gathering 
The duration of data gathering took about five weeks per school. Classroom observations 
were carried out first, followed by in-depth interview. Yin (1989) explained that the 
observation was an opportunity for the researcher to gather evidence for a case study. Since 
the study was to look at technology at work, observation was crucial for further 
understanding of issues that emerged during the implementation. Besides that, classroom 
observation triangulated the findings with the findings from the interviews and documents 
(Merriam, 1998). The classroom observation looked at evidence of ICT access in the 
classroom, students’ related ICT activities, software and courseware applications that were 
being used and teacher’s teaching practices in using ICT. During the classroom 
observations, the researchers had written field notes which included the basic information of 
date, place of event, people involved, the physical setting, and occurrences of interaction 
and activities that had taken place. 

 
3.4.1 In-depth interview 
Interviews were carried out with the informants after the classroom observation. The 
interview was designed to elicit in-depth feedback in relation to teachers’ own experience in 
integrating ICT within the classroom. It was carried out in a non-threatening atmosphere. 
The questions were semi-structured type of questions. The interview aims to access whether 
teachers integrate or do not integrate ICT in their teaching and learning process and not 
how they feel about it (Hall & Hord, 1987). 
There were two phases of interviewing. The first phase was the formal interview session 
whereby the researchers explored the topics for investigation. Then, the second phase was to 
check the reliability of the data collected from the informants earlier. The informants were 
asked to read the transcriptions of their interview to see if there were any misinterpretations 
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on the part of the researcher. The informants were given a week to read the transcription. All 
interviews were tape-recorded and where necessary notes were taken during the interviews. 
The interviews were later transcribed verbatim.The interviews with the informants begun with 
open-ended questions such as “What is your understanding of ICT integration in the 
curriculum?” Subsequent questions were conversational in an attempt to get the informant to 
discuss further on the topics. Stating that the study was on ICT integration in classroom 
preceded each interview. The interviews were carried out using bilingual, Malay Language 
and English, depending on the informants’ comfort. All informants were kept anonymous. 
The information gathering during the fieldwork was kept confidential and pseudonyms were 
used to protect the anonymity of the informant (Bogdan and Taylor, 1975). Most interviews 
were held in private area and with the informants’ choice of the venue. 

 
3.4.2 Classroom Observations 
The classroom observations were carried out for one learning outcome of teaching and 
learning of a particular subject in a class. The classroom observation looked at: 
 
 1.  Evidence of ICT access in the classroom. 
 2.  Student’s related ICT activities. 
 3.  Software and courseware applications that were being used. 
 4.  Teacher’s training practices in using ICT as in Table 1. 

 

(Source: Adapted from http://www.school.za/edict/edict/appf.htm.retrieved February 12, 
2002) 
Table 1. ICT Teaching Practice Observation Checklist 
 
During the classroom observations, the researcher had written field notes. What was recorded 
became a raw data, which eventually emerged as the findings of the study. Field notes contain 
a written account of what the observer had observed (Patton, 1990; Merriam, 1998). In the 
study, the field notes included the basic information of date, place of event, people involved, 
the physical setting, occurrences of interaction and activities that had taken place. 

 Teaching Practices using ICT 
Learning Material Heavy reliance on 

content, text books and 
traditional aids, such 
as the blackboard. 

Emphasis on learner-
centred activities such 
as experiments, 
worksheets, resource 
kits. 

Determined by the 
problem areas under 
study. Diverse use of 
resources and ICT tools. 

Learning Activities Traditional verbal 
activities 

Emphasis on learners’ 
active participation but 
not on authentic 
context. 

Emphasis on learner 
and issues; 
investigations; 
authentic hand-on 
inquiry related to real 
world problems. 

Technology Drill-and-practice, 
little integration with 
topic 

Isolated hand-on 
experiences such as 
word processing 
spreadsheet graphing, 
e-mail and information 
searches 

Expanded vie of 
technology as a process, 
product and tool to find 
solutions to authentic 
problems, information 
literacy is advanced. 

 

All observations were carried out at the beginning of a new learning sub-learning unit. Most 
of the learning units being observed took about two to four teaching periods. If the teacher 
plan to take their students to the computer lab, the researcher goes to the school an hour 
early before the teaching time. The researcher was able to observe the students’ behaviour of  
coming to the computer lab. 

 
3.4.3 Document reviewed 
Document reviewed were carried out during the fieldwork at the time when no 
observations or interviews were being carried out. In this study, the documentation 
reviewed was teacher’s record book. It is a legal document which teacher wrote down the 
yearly and daily teaching plans (MOE, 1999). In Malaysia, it was mandatory for a teacher to 
bring the record book to the class. In the daily teaching plan, the learning objectives, 
learning activities and teaching aids were written to guide teachers to achieve the learning 
objectives of the day. Thus teachers’ record books were reviewed in this study to triangulate 
the source for ICT integration in the classroom. 

 
3.5 Data analysis 
The data generated by interviews, classroom observations and document reviews were 
transcribed, coded and categorized relating to common conditions arising from the data. 
The data were analyzed manually and also with the used of the QSR N6 Qualitative Data 
Analysis software (N6). 

 
4. Findings 
 

4.1 Integration of ICT  
Observations and documentation data revealed that the teachers in school C and School 
B integrate ICT in their teaching. The observation data is illustrated in Table 1. In 
Table 1, under the teachers' teaching practices, it was found that textbooks and ICT 
were widely used by most teachers as learning materials. 
A class is classified as teacher-centered learning when the teacher did most of the 
talking and giving of information. On the other hand, when the teacher acted as 
facilitator and students did most of the talking and giving of information, it was 
classified as student-centered learning. In this study it was found that learning activities 
were more on teacher-centered. 
Under technology practices, it was found that students are exposed to isolated hands-on 
experience and group presentation. Isolated hands-on experience was when the 
student sat in front of the computer individually and followed the instruction found 
in the courseware or they surfed the Internet. No interactive activities were found 
between student and student, or students and teacher. The students would only 
refer to the teacher or friends when they are faced with technical problem or had 
problem understanding the instruction found in the computer. 
Group presentation was referred to group activities in using ICT. A representative from 
each group would present their work in front of the class. For every presentation there 
would be questions and answers from their classmates and teacher. 
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on the part of the researcher. The informants were given a week to read the transcription. All 
interviews were tape-recorded and where necessary notes were taken during the interviews. 
The interviews were later transcribed verbatim.The interviews with the informants begun with 
open-ended questions such as “What is your understanding of ICT integration in the 
curriculum?” Subsequent questions were conversational in an attempt to get the informant to 
discuss further on the topics. Stating that the study was on ICT integration in classroom 
preceded each interview. The interviews were carried out using bilingual, Malay Language 
and English, depending on the informants’ comfort. All informants were kept anonymous. 
The information gathering during the fieldwork was kept confidential and pseudonyms were 
used to protect the anonymity of the informant (Bogdan and Taylor, 1975). Most interviews 
were held in private area and with the informants’ choice of the venue. 

 
3.4.2 Classroom Observations 
The classroom observations were carried out for one learning outcome of teaching and 
learning of a particular subject in a class. The classroom observation looked at: 
 
 1.  Evidence of ICT access in the classroom. 
 2.  Student’s related ICT activities. 
 3.  Software and courseware applications that were being used. 
 4.  Teacher’s training practices in using ICT as in Table 1. 

 

(Source: Adapted from http://www.school.za/edict/edict/appf.htm.retrieved February 12, 
2002) 
Table 1. ICT Teaching Practice Observation Checklist 
 
During the classroom observations, the researcher had written field notes. What was recorded 
became a raw data, which eventually emerged as the findings of the study. Field notes contain 
a written account of what the observer had observed (Patton, 1990; Merriam, 1998). In the 
study, the field notes included the basic information of date, place of event, people involved, 
the physical setting, occurrences of interaction and activities that had taken place. 

 Teaching Practices using ICT 
Learning Material Heavy reliance on 

content, text books and 
traditional aids, such 
as the blackboard. 

Emphasis on learner-
centred activities such 
as experiments, 
worksheets, resource 
kits. 

Determined by the 
problem areas under 
study. Diverse use of 
resources and ICT tools. 

Learning Activities Traditional verbal 
activities 

Emphasis on learners’ 
active participation but 
not on authentic 
context. 

Emphasis on learner 
and issues; 
investigations; 
authentic hand-on 
inquiry related to real 
world problems. 

Technology Drill-and-practice, 
little integration with 
topic 

Isolated hand-on 
experiences such as 
word processing 
spreadsheet graphing, 
e-mail and information 
searches 

Expanded vie of 
technology as a process, 
product and tool to find 
solutions to authentic 
problems, information 
literacy is advanced. 

 

All observations were carried out at the beginning of a new learning sub-learning unit. Most 
of the learning units being observed took about two to four teaching periods. If the teacher 
plan to take their students to the computer lab, the researcher goes to the school an hour 
early before the teaching time. The researcher was able to observe the students’ behaviour of  
coming to the computer lab. 

 
3.4.3 Document reviewed 
Document reviewed were carried out during the fieldwork at the time when no 
observations or interviews were being carried out. In this study, the documentation 
reviewed was teacher’s record book. It is a legal document which teacher wrote down the 
yearly and daily teaching plans (MOE, 1999). In Malaysia, it was mandatory for a teacher to 
bring the record book to the class. In the daily teaching plan, the learning objectives, 
learning activities and teaching aids were written to guide teachers to achieve the learning 
objectives of the day. Thus teachers’ record books were reviewed in this study to triangulate 
the source for ICT integration in the classroom. 

 
3.5 Data analysis 
The data generated by interviews, classroom observations and document reviews were 
transcribed, coded and categorized relating to common conditions arising from the data. 
The data were analyzed manually and also with the used of the QSR N6 Qualitative Data 
Analysis software (N6). 

 
4. Findings 
 

4.1 Integration of ICT  
Observations and documentation data revealed that the teachers in school C and School 
B integrate ICT in their teaching. The observation data is illustrated in Table 1. In 
Table 1, under the teachers' teaching practices, it was found that textbooks and ICT 
were widely used by most teachers as learning materials. 
A class is classified as teacher-centered learning when the teacher did most of the 
talking and giving of information. On the other hand, when the teacher acted as 
facilitator and students did most of the talking and giving of information, it was 
classified as student-centered learning. In this study it was found that learning activities 
were more on teacher-centered. 
Under technology practices, it was found that students are exposed to isolated hands-on 
experience and group presentation. Isolated hands-on experience was when the 
student sat in front of the computer individually and followed the instruction found 
in the courseware or they surfed the Internet. No interactive activities were found 
between student and student, or students and teacher. The students would only 
refer to the teacher or friends when they are faced with technical problem or had 
problem understanding the instruction found in the computer. 
Group presentation was referred to group activities in using ICT. A representative from 
each group would present their work in front of the class. For every presentation there 
would be questions and answers from their classmates and teacher. 
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on the part of the researcher. The informants were given a week to read the transcription. All 
interviews were tape-recorded and where necessary notes were taken during the interviews. 
The interviews were later transcribed verbatim.The interviews with the informants begun with 
open-ended questions such as “What is your understanding of ICT integration in the 
curriculum?” Subsequent questions were conversational in an attempt to get the informant to 
discuss further on the topics. Stating that the study was on ICT integration in classroom 
preceded each interview. The interviews were carried out using bilingual, Malay Language 
and English, depending on the informants’ comfort. All informants were kept anonymous. 
The information gathering during the fieldwork was kept confidential and pseudonyms were 
used to protect the anonymity of the informant (Bogdan and Taylor, 1975). Most interviews 
were held in private area and with the informants’ choice of the venue. 

 
3.4.2 Classroom Observations 
The classroom observations were carried out for one learning outcome of teaching and 
learning of a particular subject in a class. The classroom observation looked at: 
 
 1.  Evidence of ICT access in the classroom. 
 2.  Student’s related ICT activities. 
 3.  Software and courseware applications that were being used. 
 4.  Teacher’s training practices in using ICT as in Table 1. 

 

(Source: Adapted from http://www.school.za/edict/edict/appf.htm.retrieved February 12, 
2002) 
Table 1. ICT Teaching Practice Observation Checklist 
 
During the classroom observations, the researcher had written field notes. What was recorded 
became a raw data, which eventually emerged as the findings of the study. Field notes contain 
a written account of what the observer had observed (Patton, 1990; Merriam, 1998). In the 
study, the field notes included the basic information of date, place of event, people involved, 
the physical setting, occurrences of interaction and activities that had taken place. 

 Teaching Practices using ICT 
Learning Material Heavy reliance on 

content, text books and 
traditional aids, such 
as the blackboard. 

Emphasis on learner-
centred activities such 
as experiments, 
worksheets, resource 
kits. 

Determined by the 
problem areas under 
study. Diverse use of 
resources and ICT tools. 

Learning Activities Traditional verbal 
activities 

Emphasis on learners’ 
active participation but 
not on authentic 
context. 

Emphasis on learner 
and issues; 
investigations; 
authentic hand-on 
inquiry related to real 
world problems. 

Technology Drill-and-practice, 
little integration with 
topic 

Isolated hand-on 
experiences such as 
word processing 
spreadsheet graphing, 
e-mail and information 
searches 

Expanded vie of 
technology as a process, 
product and tool to find 
solutions to authentic 
problems, information 
literacy is advanced. 

 

All observations were carried out at the beginning of a new learning sub-learning unit. Most 
of the learning units being observed took about two to four teaching periods. If the teacher 
plan to take their students to the computer lab, the researcher goes to the school an hour 
early before the teaching time. The researcher was able to observe the students’ behaviour of  
coming to the computer lab. 

 
3.4.3 Document reviewed 
Document reviewed were carried out during the fieldwork at the time when no 
observations or interviews were being carried out. In this study, the documentation 
reviewed was teacher’s record book. It is a legal document which teacher wrote down the 
yearly and daily teaching plans (MOE, 1999). In Malaysia, it was mandatory for a teacher to 
bring the record book to the class. In the daily teaching plan, the learning objectives, 
learning activities and teaching aids were written to guide teachers to achieve the learning 
objectives of the day. Thus teachers’ record books were reviewed in this study to triangulate 
the source for ICT integration in the classroom. 

 
3.5 Data analysis 
The data generated by interviews, classroom observations and document reviews were 
transcribed, coded and categorized relating to common conditions arising from the data. 
The data were analyzed manually and also with the used of the QSR N6 Qualitative Data 
Analysis software (N6). 

 
4. Findings 
 

4.1 Integration of ICT  
Observations and documentation data revealed that the teachers in school C and School 
B integrate ICT in their teaching. The observation data is illustrated in Table 1. In 
Table 1, under the teachers' teaching practices, it was found that textbooks and ICT 
were widely used by most teachers as learning materials. 
A class is classified as teacher-centered learning when the teacher did most of the 
talking and giving of information. On the other hand, when the teacher acted as 
facilitator and students did most of the talking and giving of information, it was 
classified as student-centered learning. In this study it was found that learning activities 
were more on teacher-centered. 
Under technology practices, it was found that students are exposed to isolated hands-on 
experience and group presentation. Isolated hands-on experience was when the 
student sat in front of the computer individually and followed the instruction found 
in the courseware or they surfed the Internet. No interactive activities were found 
between student and student, or students and teacher. The students would only 
refer to the teacher or friends when they are faced with technical problem or had 
problem understanding the instruction found in the computer. 
Group presentation was referred to group activities in using ICT. A representative from 
each group would present their work in front of the class. For every presentation there 
would be questions and answers from their classmates and teacher. 
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on the part of the researcher. The informants were given a week to read the transcription. All 
interviews were tape-recorded and where necessary notes were taken during the interviews. 
The interviews were later transcribed verbatim.The interviews with the informants begun with 
open-ended questions such as “What is your understanding of ICT integration in the 
curriculum?” Subsequent questions were conversational in an attempt to get the informant to 
discuss further on the topics. Stating that the study was on ICT integration in classroom 
preceded each interview. The interviews were carried out using bilingual, Malay Language 
and English, depending on the informants’ comfort. All informants were kept anonymous. 
The information gathering during the fieldwork was kept confidential and pseudonyms were 
used to protect the anonymity of the informant (Bogdan and Taylor, 1975). Most interviews 
were held in private area and with the informants’ choice of the venue. 

 
3.4.2 Classroom Observations 
The classroom observations were carried out for one learning outcome of teaching and 
learning of a particular subject in a class. The classroom observation looked at: 
 
 1.  Evidence of ICT access in the classroom. 
 2.  Student’s related ICT activities. 
 3.  Software and courseware applications that were being used. 
 4.  Teacher’s training practices in using ICT as in Table 1. 

 

(Source: Adapted from http://www.school.za/edict/edict/appf.htm.retrieved February 12, 
2002) 
Table 1. ICT Teaching Practice Observation Checklist 
 
During the classroom observations, the researcher had written field notes. What was recorded 
became a raw data, which eventually emerged as the findings of the study. Field notes contain 
a written account of what the observer had observed (Patton, 1990; Merriam, 1998). In the 
study, the field notes included the basic information of date, place of event, people involved, 
the physical setting, occurrences of interaction and activities that had taken place. 

 Teaching Practices using ICT 
Learning Material Heavy reliance on 

content, text books and 
traditional aids, such 
as the blackboard. 

Emphasis on learner-
centred activities such 
as experiments, 
worksheets, resource 
kits. 

Determined by the 
problem areas under 
study. Diverse use of 
resources and ICT tools. 

Learning Activities Traditional verbal 
activities 

Emphasis on learners’ 
active participation but 
not on authentic 
context. 

Emphasis on learner 
and issues; 
investigations; 
authentic hand-on 
inquiry related to real 
world problems. 

Technology Drill-and-practice, 
little integration with 
topic 

Isolated hand-on 
experiences such as 
word processing 
spreadsheet graphing, 
e-mail and information 
searches 

Expanded vie of 
technology as a process, 
product and tool to find 
solutions to authentic 
problems, information 
literacy is advanced. 

 

All observations were carried out at the beginning of a new learning sub-learning unit. Most 
of the learning units being observed took about two to four teaching periods. If the teacher 
plan to take their students to the computer lab, the researcher goes to the school an hour 
early before the teaching time. The researcher was able to observe the students’ behaviour of  
coming to the computer lab. 

 
3.4.3 Document reviewed 
Document reviewed were carried out during the fieldwork at the time when no 
observations or interviews were being carried out. In this study, the documentation 
reviewed was teacher’s record book. It is a legal document which teacher wrote down the 
yearly and daily teaching plans (MOE, 1999). In Malaysia, it was mandatory for a teacher to 
bring the record book to the class. In the daily teaching plan, the learning objectives, 
learning activities and teaching aids were written to guide teachers to achieve the learning 
objectives of the day. Thus teachers’ record books were reviewed in this study to triangulate 
the source for ICT integration in the classroom. 

 
3.5 Data analysis 
The data generated by interviews, classroom observations and document reviews were 
transcribed, coded and categorized relating to common conditions arising from the data. 
The data were analyzed manually and also with the used of the QSR N6 Qualitative Data 
Analysis software (N6). 

 
4. Findings 
 

4.1 Integration of ICT  
Observations and documentation data revealed that the teachers in school C and School 
B integrate ICT in their teaching. The observation data is illustrated in Table 1. In 
Table 1, under the teachers' teaching practices, it was found that textbooks and ICT 
were widely used by most teachers as learning materials. 
A class is classified as teacher-centered learning when the teacher did most of the 
talking and giving of information. On the other hand, when the teacher acted as 
facilitator and students did most of the talking and giving of information, it was 
classified as student-centered learning. In this study it was found that learning activities 
were more on teacher-centered. 
Under technology practices, it was found that students are exposed to isolated hands-on 
experience and group presentation. Isolated hands-on experience was when the 
student sat in front of the computer individually and followed the instruction found 
in the courseware or they surfed the Internet. No interactive activities were found 
between student and student, or students and teacher. The students would only 
refer to the teacher or friends when they are faced with technical problem or had 
problem understanding the instruction found in the computer. 
Group presentation was referred to group activities in using ICT. A representative from 
each group would present their work in front of the class. For every presentation there 
would be questions and answers from their classmates and teacher. 
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School Informant Evidence of ICT access in 
the  classroom 

Students 
related ICT
activity 

Software 
applications
/ 
Courseware 
being used 

Teacher’s teaching practices 

Physical Verbal Handouts   Learning 
Materials 

Learning 
Activities 

Technology 

School 
A 

Mr. Alias 
(Math) 

No No No No NA Textbook Teacher-
centered 
learning 

NA 

Mdm. 
Aini 
(Science) 

No No No No NA Textbook, 
transparency 

Teacher-
centered 
learning 

NA 

Mdm. 
Ang 
(English) 

No No No No NA Textbook, 
transparency. 
A4 size 
paper 

Teacher-
centered 
learning 
 

NA 

Mdm. 
Alia 
(Malay 
Language) 

No No No No NA Textbook, 
Mahjong 
paper 

Teacher-
centered 
learning 

NA 

School 
B 

Mdm. 
Boon 
(Math) 

Yes No No No Courseware Textbook, 
workbook 

Teacher-
centered 
learning 

NA 
 

Mdm. 
Bala 
(Science) 

Yes No Yes Yes Courseware ICT, 
textbook 

Teacher-
centered 
learning 

Isolated 
hands- 
on 
experience 
Group 
presentation 

Mdm. 
Bedah 
(English) 

Yes No No No PowerPoint ICT Teacher-
centered 
learning 

Group 
presentation 

Mdm 
Badariah 
(Malay 
Language) 

No Yes Yes No NA Textbook Teacher-
centered 
learning 

NA 
 

School 
C 

Mdm 
Camelia 
(Math) 

Yes No No Yes Internet 
PowerPoint 

Textbook 
ICT 

Teacher-
centered 
learning 
 

Isolated 
hands- 
on 
experience. 
 

Mdm. 
Cempaka 
(Science) 

Yes No Yes Yes Courseware 
PowerPoint 
Internet 

Experiment 
equipments, 
ICT, 
Worksheets 

Student-
centered 
learning 

Isolated 
hands- 
on 
experience. 

Mdm. 
Chandra 
(English) 
 

Yes No No Yes Coursewar
e MSWord 
 

Textbook 
ICT 
 

Student-
centered 
learning 
 

Isolated 
hands- 
on 
experience. 

Mdm. 
Chu 
(Malay 
Language) 

Yes No No Yes MSWord ICT 
Textbook 

Student-
centered 
learning 

Isolated 
hands- 
on 
experience. 

 

Note:  
Teacher-centered learning -  Teacher did most of the talking and giving information 
Student centered learning -  Teacher acted as facilitator and student did most of the 

talking and giving information 
Isolated hand-on experience -  No interactive activities were found between student and 

student or student and teacher 
Group presentation -  Group work activities in using ICT 
NA -  Not applicable 

 
Table 2. Findings of Classroom Observation 
 
Findings from observation also indicated that the teachers in these two schools employed 
four levels of ICT integration in the school as shown in Table 2. 
 

Level Approaches Situation 

Level 1 ICT as verbal resources Teacher teaches with the aid of ICT as 
verbal resource. Teacher gives the website 
addresses or name of courseware that 
would help students to enhance their 
understanding of the topic. 

Level 2 ICT as printed resources Teacher teaches with the aid of ICT as 
printed resources. Distribute printed 
downloaded information as teaching aids. 

Level 3 ICT as hands-on experience Teacher teaches with the aid of computer, 
courseware, software or Internet only. 

Level 4 A combination of all the levels. 
ICT as hands-on, printed 
resources and verbal resources. 

Teacher teaches with the aid of computer, 
courseware, software or Internet in 
delivering the lesson. She or he also gives 
out handouts with information printed 
from  the Internet or courseware. 

Table 3. Level of ICT Integration Approaches in the Curriculum 
 
The highest level of ICT integration in the investigating schools is level 4. The teachers at 
level 4.  The teachers at level 4 combine all the approaches in integrating ICT in 
the schools. The teacher integrated ICT as a hands-on, printed resources and verbal 
resources. For example in School C, Mdm. Cempaka integrated ICT by using all the 
three approaches. She instructed her students to browse for information from the 
Internet. She also asked her students to do exercises at one of the selected website as 
enrichment exercises on the topic. During the classroom discussion, she distributed 
handouts with materials downloaded from the Internet. She then gave the students websites 
addresses for further reading on the topic taught as homework. In Mdm. Cempaka's 
lesson, she practiced student-centered activities. The students were however, exposed to 
only isolated ICT hands-on learning when using ICT. 

The	Implementation	of	Ict	Integration	in	Malaysian	Smart	Schools 201

 

School Informant Evidence of ICT access in 
the  classroom 
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centered 
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Textbook 
ICT 
 

Student-
centered 
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Isolated 
hands- 
on 
experience. 

Mdm. 
Chu 
(Malay 
Language) 

Yes No No Yes MSWord ICT 
Textbook 

Student-
centered 
learning 

Isolated 
hands- 
on 
experience. 

 

Note:  
Teacher-centered learning -  Teacher did most of the talking and giving information 
Student centered learning -  Teacher acted as facilitator and student did most of the 

talking and giving information 
Isolated hand-on experience -  No interactive activities were found between student and 

student or student and teacher 
Group presentation -  Group work activities in using ICT 
NA -  Not applicable 

 
Table 2. Findings of Classroom Observation 
 
Findings from observation also indicated that the teachers in these two schools employed 
four levels of ICT integration in the school as shown in Table 2. 
 

Level Approaches Situation 

Level 1 ICT as verbal resources Teacher teaches with the aid of ICT as 
verbal resource. Teacher gives the website 
addresses or name of courseware that 
would help students to enhance their 
understanding of the topic. 

Level 2 ICT as printed resources Teacher teaches with the aid of ICT as 
printed resources. Distribute printed 
downloaded information as teaching aids. 

Level 3 ICT as hands-on experience Teacher teaches with the aid of computer, 
courseware, software or Internet only. 

Level 4 A combination of all the levels. 
ICT as hands-on, printed 
resources and verbal resources. 

Teacher teaches with the aid of computer, 
courseware, software or Internet in 
delivering the lesson. She or he also gives 
out handouts with information printed 
from  the Internet or courseware. 

Table 3. Level of ICT Integration Approaches in the Curriculum 
 
The highest level of ICT integration in the investigating schools is level 4. The teachers at 
level 4.  The teachers at level 4 combine all the approaches in integrating ICT in 
the schools. The teacher integrated ICT as a hands-on, printed resources and verbal 
resources. For example in School C, Mdm. Cempaka integrated ICT by using all the 
three approaches. She instructed her students to browse for information from the 
Internet. She also asked her students to do exercises at one of the selected website as 
enrichment exercises on the topic. During the classroom discussion, she distributed 
handouts with materials downloaded from the Internet. She then gave the students websites 
addresses for further reading on the topic taught as homework. In Mdm. Cempaka's 
lesson, she practiced student-centered activities. The students were however, exposed to 
only isolated ICT hands-on learning when using ICT. 
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centered 
learning 

NA 
 

School 
C 

Mdm 
Camelia 
(Math) 

Yes No No Yes Internet 
PowerPoint 

Textbook 
ICT 

Teacher-
centered 
learning 
 

Isolated 
hands- 
on 
experience. 
 

Mdm. 
Cempaka 
(Science) 

Yes No Yes Yes Courseware 
PowerPoint 
Internet 

Experiment 
equipments, 
ICT, 
Worksheets 

Student-
centered 
learning 

Isolated 
hands- 
on 
experience. 

Mdm. 
Chandra 
(English) 
 

Yes No No Yes Coursewar
e MSWord 
 

Textbook 
ICT 
 

Student-
centered 
learning 
 

Isolated 
hands- 
on 
experience. 

Mdm. 
Chu 
(Malay 
Language) 

Yes No No Yes MSWord ICT 
Textbook 

Student-
centered 
learning 

Isolated 
hands- 
on 
experience. 

 

Note:  
Teacher-centered learning -  Teacher did most of the talking and giving information 
Student centered learning -  Teacher acted as facilitator and student did most of the 

talking and giving information 
Isolated hand-on experience -  No interactive activities were found between student and 

student or student and teacher 
Group presentation -  Group work activities in using ICT 
NA -  Not applicable 

 
Table 2. Findings of Classroom Observation 
 
Findings from observation also indicated that the teachers in these two schools employed 
four levels of ICT integration in the school as shown in Table 2. 
 

Level Approaches Situation 

Level 1 ICT as verbal resources Teacher teaches with the aid of ICT as 
verbal resource. Teacher gives the website 
addresses or name of courseware that 
would help students to enhance their 
understanding of the topic. 

Level 2 ICT as printed resources Teacher teaches with the aid of ICT as 
printed resources. Distribute printed 
downloaded information as teaching aids. 

Level 3 ICT as hands-on experience Teacher teaches with the aid of computer, 
courseware, software or Internet only. 

Level 4 A combination of all the levels. 
ICT as hands-on, printed 
resources and verbal resources. 

Teacher teaches with the aid of computer, 
courseware, software or Internet in 
delivering the lesson. She or he also gives 
out handouts with information printed 
from  the Internet or courseware. 

Table 3. Level of ICT Integration Approaches in the Curriculum 
 
The highest level of ICT integration in the investigating schools is level 4. The teachers at 
level 4.  The teachers at level 4 combine all the approaches in integrating ICT in 
the schools. The teacher integrated ICT as a hands-on, printed resources and verbal 
resources. For example in School C, Mdm. Cempaka integrated ICT by using all the 
three approaches. She instructed her students to browse for information from the 
Internet. She also asked her students to do exercises at one of the selected website as 
enrichment exercises on the topic. During the classroom discussion, she distributed 
handouts with materials downloaded from the Internet. She then gave the students websites 
addresses for further reading on the topic taught as homework. In Mdm. Cempaka's 
lesson, she practiced student-centered activities. The students were however, exposed to 
only isolated ICT hands-on learning when using ICT. 
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School Informant Evidence of ICT access in 
the  classroom 

Students 
related ICT
activity 

Software 
applications
/ 
Courseware 
being used 

Teacher’s teaching practices 

Physical Verbal Handouts   Learning 
Materials 

Learning 
Activities 

Technology 

School 
A 

Mr. Alias 
(Math) 

No No No No NA Textbook Teacher-
centered 
learning 

NA 

Mdm. 
Aini 
(Science) 

No No No No NA Textbook, 
transparency 

Teacher-
centered 
learning 

NA 

Mdm. 
Ang 
(English) 

No No No No NA Textbook, 
transparency. 
A4 size 
paper 

Teacher-
centered 
learning 
 

NA 

Mdm. 
Alia 
(Malay 
Language) 

No No No No NA Textbook, 
Mahjong 
paper 

Teacher-
centered 
learning 

NA 

School 
B 

Mdm. 
Boon 
(Math) 

Yes No No No Courseware Textbook, 
workbook 

Teacher-
centered 
learning 

NA 
 

Mdm. 
Bala 
(Science) 

Yes No Yes Yes Courseware ICT, 
textbook 

Teacher-
centered 
learning 

Isolated 
hands- 
on 
experience 
Group 
presentation 

Mdm. 
Bedah 
(English) 

Yes No No No PowerPoint ICT Teacher-
centered 
learning 

Group 
presentation 

Mdm 
Badariah 
(Malay 
Language) 

No Yes Yes No NA Textbook Teacher-
centered 
learning 

NA 
 

School 
C 

Mdm 
Camelia 
(Math) 

Yes No No Yes Internet 
PowerPoint 

Textbook 
ICT 

Teacher-
centered 
learning 
 

Isolated 
hands- 
on 
experience. 
 

Mdm. 
Cempaka 
(Science) 

Yes No Yes Yes Courseware 
PowerPoint 
Internet 

Experiment 
equipments, 
ICT, 
Worksheets 

Student-
centered 
learning 

Isolated 
hands- 
on 
experience. 

Mdm. 
Chandra 
(English) 
 

Yes No No Yes Coursewar
e MSWord 
 

Textbook 
ICT 
 

Student-
centered 
learning 
 

Isolated 
hands- 
on 
experience. 

Mdm. 
Chu 
(Malay 
Language) 

Yes No No Yes MSWord ICT 
Textbook 

Student-
centered 
learning 

Isolated 
hands- 
on 
experience. 

 

Note:  
Teacher-centered learning -  Teacher did most of the talking and giving information 
Student centered learning -  Teacher acted as facilitator and student did most of the 

talking and giving information 
Isolated hand-on experience -  No interactive activities were found between student and 

student or student and teacher 
Group presentation -  Group work activities in using ICT 
NA -  Not applicable 

 
Table 2. Findings of Classroom Observation 
 
Findings from observation also indicated that the teachers in these two schools employed 
four levels of ICT integration in the school as shown in Table 2. 
 

Level Approaches Situation 

Level 1 ICT as verbal resources Teacher teaches with the aid of ICT as 
verbal resource. Teacher gives the website 
addresses or name of courseware that 
would help students to enhance their 
understanding of the topic. 

Level 2 ICT as printed resources Teacher teaches with the aid of ICT as 
printed resources. Distribute printed 
downloaded information as teaching aids. 

Level 3 ICT as hands-on experience Teacher teaches with the aid of computer, 
courseware, software or Internet only. 

Level 4 A combination of all the levels. 
ICT as hands-on, printed 
resources and verbal resources. 

Teacher teaches with the aid of computer, 
courseware, software or Internet in 
delivering the lesson. She or he also gives 
out handouts with information printed 
from  the Internet or courseware. 

Table 3. Level of ICT Integration Approaches in the Curriculum 
 
The highest level of ICT integration in the investigating schools is level 4. The teachers at 
level 4.  The teachers at level 4 combine all the approaches in integrating ICT in 
the schools. The teacher integrated ICT as a hands-on, printed resources and verbal 
resources. For example in School C, Mdm. Cempaka integrated ICT by using all the 
three approaches. She instructed her students to browse for information from the 
Internet. She also asked her students to do exercises at one of the selected website as 
enrichment exercises on the topic. During the classroom discussion, she distributed 
handouts with materials downloaded from the Internet. She then gave the students websites 
addresses for further reading on the topic taught as homework. In Mdm. Cempaka's 
lesson, she practiced student-centered activities. The students were however, exposed to 
only isolated ICT hands-on learning when using ICT. 
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Level 3 of ICT integration would see to teacher using ICT as hands-on experience. Mdm. 
Camelia, Mdm. Chandra and Mdm. Chu of School C integrated ICT by using the 
computer, courseware and software. Mdm. Camelia conducted her lesson in the 
computer lab. She integrated ICT using PowerPoint presentation to show how the 
concept taught earlier could be applied in Mathematics. She also asked her students to 
surf the Internet to look out for some examples on the topic taught. The lesson was more on 
teacher-centered and isolated hands-on experience by the students. Meanwhile, Mdm. 
Chandra utilized Teaching Learning Material (TLM) courseware where the students had to 
follow the instruction provided in the courseware. In this lesson, the students experienced 
isolated ICT hands-on learning experience. Mdm.  Chu, on the other hand, integrated ICT 
using MSWord application software projected through LCD. Then the students were 
assigned to use the MSWord program to type and print their work. Similarly, 
Mdm. Chu's students also experienced isolated hands-on ICT learning experience.  
Three teachers of School B were found to be at level 3 of ICT integration in the teaching and 
learning process. Mdm. Boon, Mdm. Bala and Mdm. Bedah integrated ICT in their teaching 
during the classroom observations. They had integrated TLM courseware, Internet 
and PoverPoint program in their lessons. 
Classroom observations were carried out in various venues. For Mdm. Boon  the 
observation was carried out in the classroom. Mdm. Bala on the other hand, held all 
her lessons in the computer labs while Mdm. Bedah had her first two teaching 
periods in the classroom. The next two periods she conducted the lesson in the Multimedia 
room and the last one period in the classroom. Two of the teachers, Mdm. Bala and 
Mdm. Boon used courseware provided by the Ministry of Education (MoE). Mdm. 
Bala used the Bestari courseware that is the Teaching Learning Materials (TLM) 
while Mdm. Boon used English Teacher Mathematic and Science (ETeMS) courseware in her 
lesson. 
During the first two periods of Mdm. Bala's lesson there were group presentations by 
students. The students were assigned to present their understanding of related topic 
they had learned the year before. Students presented their findings through various 
means such as PowerPoint presentation, mahjong paper and manila card. In the next four 
lessons Mdm. Bala employed the TLM courseware as an isolated hands-on 
experience. Her students were assigned to read and do exercise on a specific topic 
found in the TLM. Mdm. Boon on the other hands employed teacher-centered learning 
activity. She explained the concept of the topic by using the courseware projected on the 
screen in front of the classroom. Students just sat and listen to her teaching.   
Mdm. Bedah used PowerPoint software. The PowerPoint was part of students' 
presentation. During the first two lessons the teacher had assigned the students in 
their group to prepare a simple PowerPoint presentation on a given topic. The 
students held the discussion in the classroom. Students with computer at home 
were assigned to prepare the PowerPoint slides. The students presented their work in 
the next two sessions. Teacher and friends gave their comments. The teacher's 
comments were on the language structure as well as the slide form   at. The last 
teaching period was allocated for written exercise. 
Teacher in Level 2 would integrate ICT as printed resources. For example, in School C, in 
one of Mdm. Cempaka's lessons, she had distributed printed materials on the 
topic she taught as her set induction in her teaching. She gave the students about 

 

five minutes to read. Later, questions were asked based on the reading materials before 
the students started their science experiment. Mdm. Cempaka was the only teacher 
in School C found to be in Level 2. No teachers in school B were found to be at Level 2.  
Level 1 is the lowest level of ICT integration in curriculum found In two of the schools 
observed. The teachers observed experienced Level 1 ICT integration approach when ICT 
was integrated as a verbal resource. For example, Mdm. Badariah of School B 
integrated ICT as a verbal resource during her teaching. She conducted her lesson in 
the classroom. There were no computers in the classroom. She instructed her students to surf the 
Internet to look for more information on the topic that would be discussed the day 
after. She also gave her students website addresses to surf. Mdm. Badariah was the 
only teacher in this study who applied the Level 1 approach of integration ICT in the 
school. 
Teachers' record books supported the observations evidence that ICT was being 
integrated in School C and B through out the year. In School B, three teachers 
had written a lesson plan with ICT integration. Only one teacher did not state the 
integration of ICT activities in her lesson pelan. In School C, all teachers had clearly 
described the integration of ICT in their teaching pelan. These findings were 
congruent to findings from the classroom observations and interviews. 
Even though ICT was seen as a tool to enhance the learning process, teachers in School 
A felt that not all  topics or units needed the assistance of the technology. 
Therefore, during the classroom observation, the researcher was not able to see the ICT 
integration in the subjects taught by these teachers. It seems that teachers' 
understanding of ICT integration in curriculum had enabled them to decide when and 
when not to use the technology. Findings from teachers' record books and 
interviews also showed that these teachers did not integrate ICT in their teaching at all. 
Data showed that these teachers had not been implementing ICT integration in the 
curriculum since the beginning of the year. The teachers' record book also revealed 
that before and after the researcher's fieldwork, there was no evidence found of ICT 
integration in the classroom (SAD). The teachers admitted during the interviews that 
they had not integrated ICT in their classroom for various reasons. Mdm. Aini 
admitted, "During teaching and learning if use IT, I use less” [Mdm Aini: 639 - 639]. Mdm. 
Alia had also admitted that she did not integrate ICT in her teaching (Mdm. Alia 138). 
Mr. Alias has this to say   about ICT integration in his lesson. 
But to actually sit down with the, and go into them, I don't think I have done that. Usually we will 
say, "In your free time, whoever interested, you can browse this website to get, get additional information 
[Mr. Alias: 542 - 545] 
When probed further to know when he had informed his students of the related website he 
admitted “I think it was last year” [Mr. Alias: 551]. As for this year he said, “I, I, I think no. 
Sure no” [Mr. Alias: 554-555].  
 
They claimed they had tried to integrate ICT in their lesson the year before. Since the 
present study aimed to look at integration of ICT in curriculum in the current year, 
teachers' experiences in the year before the study could not be taken into consideration. 
Thus, what the teachers experienced reflected the true situation in schools. These 
teachers did not integrate ICT in the curriculum instruction probably because they 
faced problems during the implementation process. 
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Level 3 of ICT integration would see to teacher using ICT as hands-on experience. Mdm. 
Camelia, Mdm. Chandra and Mdm. Chu of School C integrated ICT by using the 
computer, courseware and software. Mdm. Camelia conducted her lesson in the 
computer lab. She integrated ICT using PowerPoint presentation to show how the 
concept taught earlier could be applied in Mathematics. She also asked her students to 
surf the Internet to look out for some examples on the topic taught. The lesson was more on 
teacher-centered and isolated hands-on experience by the students. Meanwhile, Mdm. 
Chandra utilized Teaching Learning Material (TLM) courseware where the students had to 
follow the instruction provided in the courseware. In this lesson, the students experienced 
isolated ICT hands-on learning experience. Mdm.  Chu, on the other hand, integrated ICT 
using MSWord application software projected through LCD. Then the students were 
assigned to use the MSWord program to type and print their work. Similarly, 
Mdm. Chu's students also experienced isolated hands-on ICT learning experience.  
Three teachers of School B were found to be at level 3 of ICT integration in the teaching and 
learning process. Mdm. Boon, Mdm. Bala and Mdm. Bedah integrated ICT in their teaching 
during the classroom observations. They had integrated TLM courseware, Internet 
and PoverPoint program in their lessons. 
Classroom observations were carried out in various venues. For Mdm. Boon  the 
observation was carried out in the classroom. Mdm. Bala on the other hand, held all 
her lessons in the computer labs while Mdm. Bedah had her first two teaching 
periods in the classroom. The next two periods she conducted the lesson in the Multimedia 
room and the last one period in the classroom. Two of the teachers, Mdm. Bala and 
Mdm. Boon used courseware provided by the Ministry of Education (MoE). Mdm. 
Bala used the Bestari courseware that is the Teaching Learning Materials (TLM) 
while Mdm. Boon used English Teacher Mathematic and Science (ETeMS) courseware in her 
lesson. 
During the first two periods of Mdm. Bala's lesson there were group presentations by 
students. The students were assigned to present their understanding of related topic 
they had learned the year before. Students presented their findings through various 
means such as PowerPoint presentation, mahjong paper and manila card. In the next four 
lessons Mdm. Bala employed the TLM courseware as an isolated hands-on 
experience. Her students were assigned to read and do exercise on a specific topic 
found in the TLM. Mdm. Boon on the other hands employed teacher-centered learning 
activity. She explained the concept of the topic by using the courseware projected on the 
screen in front of the classroom. Students just sat and listen to her teaching.   
Mdm. Bedah used PowerPoint software. The PowerPoint was part of students' 
presentation. During the first two lessons the teacher had assigned the students in 
their group to prepare a simple PowerPoint presentation on a given topic. The 
students held the discussion in the classroom. Students with computer at home 
were assigned to prepare the PowerPoint slides. The students presented their work in 
the next two sessions. Teacher and friends gave their comments. The teacher's 
comments were on the language structure as well as the slide form   at. The last 
teaching period was allocated for written exercise. 
Teacher in Level 2 would integrate ICT as printed resources. For example, in School C, in 
one of Mdm. Cempaka's lessons, she had distributed printed materials on the 
topic she taught as her set induction in her teaching. She gave the students about 

 

five minutes to read. Later, questions were asked based on the reading materials before 
the students started their science experiment. Mdm. Cempaka was the only teacher 
in School C found to be in Level 2. No teachers in school B were found to be at Level 2.  
Level 1 is the lowest level of ICT integration in curriculum found In two of the schools 
observed. The teachers observed experienced Level 1 ICT integration approach when ICT 
was integrated as a verbal resource. For example, Mdm. Badariah of School B 
integrated ICT as a verbal resource during her teaching. She conducted her lesson in 
the classroom. There were no computers in the classroom. She instructed her students to surf the 
Internet to look for more information on the topic that would be discussed the day 
after. She also gave her students website addresses to surf. Mdm. Badariah was the 
only teacher in this study who applied the Level 1 approach of integration ICT in the 
school. 
Teachers' record books supported the observations evidence that ICT was being 
integrated in School C and B through out the year. In School B, three teachers 
had written a lesson plan with ICT integration. Only one teacher did not state the 
integration of ICT activities in her lesson pelan. In School C, all teachers had clearly 
described the integration of ICT in their teaching pelan. These findings were 
congruent to findings from the classroom observations and interviews. 
Even though ICT was seen as a tool to enhance the learning process, teachers in School 
A felt that not all  topics or units needed the assistance of the technology. 
Therefore, during the classroom observation, the researcher was not able to see the ICT 
integration in the subjects taught by these teachers. It seems that teachers' 
understanding of ICT integration in curriculum had enabled them to decide when and 
when not to use the technology. Findings from teachers' record books and 
interviews also showed that these teachers did not integrate ICT in their teaching at all. 
Data showed that these teachers had not been implementing ICT integration in the 
curriculum since the beginning of the year. The teachers' record book also revealed 
that before and after the researcher's fieldwork, there was no evidence found of ICT 
integration in the classroom (SAD). The teachers admitted during the interviews that 
they had not integrated ICT in their classroom for various reasons. Mdm. Aini 
admitted, "During teaching and learning if use IT, I use less” [Mdm Aini: 639 - 639]. Mdm. 
Alia had also admitted that she did not integrate ICT in her teaching (Mdm. Alia 138). 
Mr. Alias has this to say   about ICT integration in his lesson. 
But to actually sit down with the, and go into them, I don't think I have done that. Usually we will 
say, "In your free time, whoever interested, you can browse this website to get, get additional information 
[Mr. Alias: 542 - 545] 
When probed further to know when he had informed his students of the related website he 
admitted “I think it was last year” [Mr. Alias: 551]. As for this year he said, “I, I, I think no. 
Sure no” [Mr. Alias: 554-555].  
 
They claimed they had tried to integrate ICT in their lesson the year before. Since the 
present study aimed to look at integration of ICT in curriculum in the current year, 
teachers' experiences in the year before the study could not be taken into consideration. 
Thus, what the teachers experienced reflected the true situation in schools. These 
teachers did not integrate ICT in the curriculum instruction probably because they 
faced problems during the implementation process. 
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Level 3 of ICT integration would see to teacher using ICT as hands-on experience. Mdm. 
Camelia, Mdm. Chandra and Mdm. Chu of School C integrated ICT by using the 
computer, courseware and software. Mdm. Camelia conducted her lesson in the 
computer lab. She integrated ICT using PowerPoint presentation to show how the 
concept taught earlier could be applied in Mathematics. She also asked her students to 
surf the Internet to look out for some examples on the topic taught. The lesson was more on 
teacher-centered and isolated hands-on experience by the students. Meanwhile, Mdm. 
Chandra utilized Teaching Learning Material (TLM) courseware where the students had to 
follow the instruction provided in the courseware. In this lesson, the students experienced 
isolated ICT hands-on learning experience. Mdm.  Chu, on the other hand, integrated ICT 
using MSWord application software projected through LCD. Then the students were 
assigned to use the MSWord program to type and print their work. Similarly, 
Mdm. Chu's students also experienced isolated hands-on ICT learning experience.  
Three teachers of School B were found to be at level 3 of ICT integration in the teaching and 
learning process. Mdm. Boon, Mdm. Bala and Mdm. Bedah integrated ICT in their teaching 
during the classroom observations. They had integrated TLM courseware, Internet 
and PoverPoint program in their lessons. 
Classroom observations were carried out in various venues. For Mdm. Boon  the 
observation was carried out in the classroom. Mdm. Bala on the other hand, held all 
her lessons in the computer labs while Mdm. Bedah had her first two teaching 
periods in the classroom. The next two periods she conducted the lesson in the Multimedia 
room and the last one period in the classroom. Two of the teachers, Mdm. Bala and 
Mdm. Boon used courseware provided by the Ministry of Education (MoE). Mdm. 
Bala used the Bestari courseware that is the Teaching Learning Materials (TLM) 
while Mdm. Boon used English Teacher Mathematic and Science (ETeMS) courseware in her 
lesson. 
During the first two periods of Mdm. Bala's lesson there were group presentations by 
students. The students were assigned to present their understanding of related topic 
they had learned the year before. Students presented their findings through various 
means such as PowerPoint presentation, mahjong paper and manila card. In the next four 
lessons Mdm. Bala employed the TLM courseware as an isolated hands-on 
experience. Her students were assigned to read and do exercise on a specific topic 
found in the TLM. Mdm. Boon on the other hands employed teacher-centered learning 
activity. She explained the concept of the topic by using the courseware projected on the 
screen in front of the classroom. Students just sat and listen to her teaching.   
Mdm. Bedah used PowerPoint software. The PowerPoint was part of students' 
presentation. During the first two lessons the teacher had assigned the students in 
their group to prepare a simple PowerPoint presentation on a given topic. The 
students held the discussion in the classroom. Students with computer at home 
were assigned to prepare the PowerPoint slides. The students presented their work in 
the next two sessions. Teacher and friends gave their comments. The teacher's 
comments were on the language structure as well as the slide form   at. The last 
teaching period was allocated for written exercise. 
Teacher in Level 2 would integrate ICT as printed resources. For example, in School C, in 
one of Mdm. Cempaka's lessons, she had distributed printed materials on the 
topic she taught as her set induction in her teaching. She gave the students about 

 

five minutes to read. Later, questions were asked based on the reading materials before 
the students started their science experiment. Mdm. Cempaka was the only teacher 
in School C found to be in Level 2. No teachers in school B were found to be at Level 2.  
Level 1 is the lowest level of ICT integration in curriculum found In two of the schools 
observed. The teachers observed experienced Level 1 ICT integration approach when ICT 
was integrated as a verbal resource. For example, Mdm. Badariah of School B 
integrated ICT as a verbal resource during her teaching. She conducted her lesson in 
the classroom. There were no computers in the classroom. She instructed her students to surf the 
Internet to look for more information on the topic that would be discussed the day 
after. She also gave her students website addresses to surf. Mdm. Badariah was the 
only teacher in this study who applied the Level 1 approach of integration ICT in the 
school. 
Teachers' record books supported the observations evidence that ICT was being 
integrated in School C and B through out the year. In School B, three teachers 
had written a lesson plan with ICT integration. Only one teacher did not state the 
integration of ICT activities in her lesson pelan. In School C, all teachers had clearly 
described the integration of ICT in their teaching pelan. These findings were 
congruent to findings from the classroom observations and interviews. 
Even though ICT was seen as a tool to enhance the learning process, teachers in School 
A felt that not all  topics or units needed the assistance of the technology. 
Therefore, during the classroom observation, the researcher was not able to see the ICT 
integration in the subjects taught by these teachers. It seems that teachers' 
understanding of ICT integration in curriculum had enabled them to decide when and 
when not to use the technology. Findings from teachers' record books and 
interviews also showed that these teachers did not integrate ICT in their teaching at all. 
Data showed that these teachers had not been implementing ICT integration in the 
curriculum since the beginning of the year. The teachers' record book also revealed 
that before and after the researcher's fieldwork, there was no evidence found of ICT 
integration in the classroom (SAD). The teachers admitted during the interviews that 
they had not integrated ICT in their classroom for various reasons. Mdm. Aini 
admitted, "During teaching and learning if use IT, I use less” [Mdm Aini: 639 - 639]. Mdm. 
Alia had also admitted that she did not integrate ICT in her teaching (Mdm. Alia 138). 
Mr. Alias has this to say   about ICT integration in his lesson. 
But to actually sit down with the, and go into them, I don't think I have done that. Usually we will 
say, "In your free time, whoever interested, you can browse this website to get, get additional information 
[Mr. Alias: 542 - 545] 
When probed further to know when he had informed his students of the related website he 
admitted “I think it was last year” [Mr. Alias: 551]. As for this year he said, “I, I, I think no. 
Sure no” [Mr. Alias: 554-555].  
 
They claimed they had tried to integrate ICT in their lesson the year before. Since the 
present study aimed to look at integration of ICT in curriculum in the current year, 
teachers' experiences in the year before the study could not be taken into consideration. 
Thus, what the teachers experienced reflected the true situation in schools. These 
teachers did not integrate ICT in the curriculum instruction probably because they 
faced problems during the implementation process. 
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Level 3 of ICT integration would see to teacher using ICT as hands-on experience. Mdm. 
Camelia, Mdm. Chandra and Mdm. Chu of School C integrated ICT by using the 
computer, courseware and software. Mdm. Camelia conducted her lesson in the 
computer lab. She integrated ICT using PowerPoint presentation to show how the 
concept taught earlier could be applied in Mathematics. She also asked her students to 
surf the Internet to look out for some examples on the topic taught. The lesson was more on 
teacher-centered and isolated hands-on experience by the students. Meanwhile, Mdm. 
Chandra utilized Teaching Learning Material (TLM) courseware where the students had to 
follow the instruction provided in the courseware. In this lesson, the students experienced 
isolated ICT hands-on learning experience. Mdm.  Chu, on the other hand, integrated ICT 
using MSWord application software projected through LCD. Then the students were 
assigned to use the MSWord program to type and print their work. Similarly, 
Mdm. Chu's students also experienced isolated hands-on ICT learning experience.  
Three teachers of School B were found to be at level 3 of ICT integration in the teaching and 
learning process. Mdm. Boon, Mdm. Bala and Mdm. Bedah integrated ICT in their teaching 
during the classroom observations. They had integrated TLM courseware, Internet 
and PoverPoint program in their lessons. 
Classroom observations were carried out in various venues. For Mdm. Boon  the 
observation was carried out in the classroom. Mdm. Bala on the other hand, held all 
her lessons in the computer labs while Mdm. Bedah had her first two teaching 
periods in the classroom. The next two periods she conducted the lesson in the Multimedia 
room and the last one period in the classroom. Two of the teachers, Mdm. Bala and 
Mdm. Boon used courseware provided by the Ministry of Education (MoE). Mdm. 
Bala used the Bestari courseware that is the Teaching Learning Materials (TLM) 
while Mdm. Boon used English Teacher Mathematic and Science (ETeMS) courseware in her 
lesson. 
During the first two periods of Mdm. Bala's lesson there were group presentations by 
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five minutes to read. Later, questions were asked based on the reading materials before 
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They claimed they had tried to integrate ICT in their lesson the year before. Since the 
present study aimed to look at integration of ICT in curriculum in the current year, 
teachers' experiences in the year before the study could not be taken into consideration. 
Thus, what the teachers experienced reflected the true situation in schools. These 
teachers did not integrate ICT in the curriculum instruction probably because they 
faced problems during the implementation process. 
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4.2 Problem That Emerged During The Process Of Integrating ICT In The Smart 
School 
Teachers in this study faced some problems during their attempt to integrate ICT in their 
schools. The data had uncovered that teachers in this study faced two folds of problems 
in implementing ICT integration in Smart School. The first fold was on the initial problem 
faced by the teachers during the initial introduction of ICT in the school. All the 
teachers in the study had been teaching in their current schools before and when 
the Smart School program was introduced in their schools. Thus, they were 
involved from day one when ICT was being implemented in their schools. 
Therefore, when enquired about problems they faced during implementation of ICT 
integration in school, they wanted to relate their experience during the first year of the 
implementation. 
The second fold was on the current problems faced by them. In this study, the discussion 
would be focused on the current problems. Fullan (2001),  Ely (1998) and Smith 
(1998) had pointed out that during the first two years of implementation, the 
teachers would face lots of adjustment in adapting the innovation. Thus, the 
current problems were more relevant in this study because it would help to overcome the 
problems and made the implementation more successful. 
The implementation of ICT in the curriculum had placed certain demands on the 
teachers. They had to develop their own ICT skills. They had to change their teaching 
practices. They had to monitor the activities they introduced and overcome the 
problems that arose. Thus, problems emerged from these demands. During the data 
analysis, common pattern appeared in all the three schools in this study on why teachers 
ignored ICT usage or use it less frequent in the classroom. In this study the 
inform   ants had voiced out their feelings and thoughts about the problems. Sharing 
their experiences in using the ICT in their teaching had enlightened the problems 

 
4.2.1 Time Factor 
Time factor was prevalent among the teachers. Time had influenced the implementation 
of ICT integration in all schools in this study. The time factors could be divided 
into three categories. The categories were teacher's free time, lesson preparation 
time and teaching time. The categories formulated were the results of the interviews 
conducted with the informants from the three schools. The categories were 
operationally in Table 4. 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 4. Time factor 

 
4.2.2 Teacher’s Free Time 
Teachers' free time in this study refers to free time from teaching. In all  the three 
schools,  during their free time teachers would prepare their lessons, mark books, have 
their break or do some administrative work. These teachers complained that the free time 
was too short for them to prepare their lessons using ICT. Surfing the Internet to search 
for information, skimming and selecting information took a long time. During this 
free time they had to do many other tasks. Mdm. Ang said, 

It is interesting if we could have the free time even though the teachers had been given a lot of free 
time. But our free time is not use for lesson, preparing lesson. We have to do other things [Mdm. Ang: 
65 - 68] 

Mdm. Cempaka shared her experience in preparing her lesson. She explained, 
 
Generally, oh, err for examples ok, like today lesson you saw, I need to go to few websites, ok. I have to 
check whether it's their level or not. So once I identified, that's take time. Initially it's take time 
[Mdm. Cempaka:36-3 8]  
 
The teachers were given approximately between 23 to 26 periods of teaching a week. 
This meant about four to five periods a day. Teachers were left with about an hour a 
day to mark books, prepare lessons and to do administrative work for the school. 
Sometimes their free time was taken to relief a teacher who was absent. Thus, 
there was less free time for them at school on that particular day. The average 
teaching times per week for teachers in this study were about between 23 to 26 
periods. According to the teachers, it would be ideal if they get between 18 to 20 
periods of teaching per week. They felt that by having ample free time, they could 
prepare their lessons using ICT and would be able to view the TLM courseware. 
Teachers in this study felt that there should be lesson preparation time allocated 
for them to prepare their lessons. 

 

Category Operational definition 
Time Time for teachers to reflect their teaching, to 

learn, to prepare lesson and to rest. 
Sub-category  

Teacher's free time Teachers' free period to rest, to reflect their teaching or do 
other non-teaching activities. 

 
Lesson preparation 

time Time taken for teachers to prepare their lessons 

 
Teaching time 

 
This time allocated for teaching period for a day 
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4.2.3 Lesson Preparation Time 
Teachers in Malaysian school were not given lesson preparation time. Preparing of lesson 
was done at home or during teachers' free time. Teachers felt in this information age 
there should be allocation of lesson preparation time. Thus, this would enable 
teachers to spend time in producing ICT based teaching materials. Moreover, the 
schools had provided them the high-speed computers, and the round the clock access to the 
Internet and TLM. 
Teachers who were ICT competent were found to need shorter time to prepare their 
lessons using ICT. Whilst teachers with low ICT competent were found to take a 
longer time to prepare their lessons. Teachers in School C experienced that once they 
had the materials then it would be fast to prepare for the next class. 
Mdm. Cempaka related her experience on preparing her lesson, she said, 

  
Ok, to find the website it took me time about two hours, I can say. The correct web, it takes  one 
hour, one and the half hour or so. But to prepare the slide was very fast. Because I was 
quite expose to all these courses that I went. you know, I err... [Mdm. Cempaka: 192 - 195] 

Mdm. Chandra admitted that initially it was time consuming to prepare her lesson 
using the ICT, especially the TLM courseware. She explained, 

Err it is umrn in a way it is time consuming because err it's new to us we have to go through 
the content first before giving it to the students. So in that way it is time consuming but if let 
say after we have got the experiences, 'we know where to, where to surf for example or 
what is the content of certain courseware then I feel that it will be faster [Mdm. 
Chandra: 254 – 258] 

However it was not for teachers in School A and some of the teachers in School B. 
 
You want to put in a lot of things in the PowerPoint but you don't have time to do that. 
Sometimes, sometimes, do it, preparing PowerPoint is not that easy. Some of the keys I 
already forgotten. You need to practice to co me out with the PowerPoint. I've attended two days 
course and after that I did some of the presentations in the PowerPoint then I forgotten already 
[Mdm. Ang: 433 – 4381]. 

 
4.3.3 Teaching Time 
Teaching time in this study refers to time where teachers actually engaged in 
teaching. On average, the class time or a teaching period  in Malaysian secondary school 
is between thirty-five to forty minutes. Most schools have eight periods a day. All 
teachers in School C and School B would use their double periods to integrate ICT in 
the lesson. During the single period, the teachers would teach theory and concept. 
They found that integrating ICT needed extra time for students to come to the 
computer lab, settle down and then switch on the computer. Thus, the time left was 
inadequate for teachers to integrate ICT. 
During the classroom observation in School C, the researcher found that students had 
to rush with their task that was required to be submitted on the same day. They had 
to queue for the printer. The one-hour learning period, was not enough for these 
students especially when the need to print their work at the end of the lesson. 

 

Observation data showed that students took -about five to ten minutes to reach the 
classroom and five to ten minutes to settle down. The researcher had purposely arrived 
at the computer lab half an hour early before the classroom observation. The 
researcher had time to view the movements of the students coming and leaving the 
computer lab. It was discovered that they took about five minutes to operate the 
computers. If they faced technical problem, the teacher took another five to ten 
minutes to start the lesson. Thus, this had shortened the teaching time. School A 
teachers were not too happy with this reduced time 
In School A, the school had rearranged the teaching timetable from 40 minutes to an 
hour so that teachers could use ICT during their teaching. According to the Principal 
A, 

Err...we had extended to one hour... because we ...we know if we use multi...we used Multimedia 
... we need you know that time...extra time ...and also ...that's why...that's why [Principal A: 
156-158]. 

 
However, teachers in this school felt that the one-hour allocated for teaching 
was not enough if ICT is used in the teaching and learning process. 

 
4.3.4 Course Content 
The ICT knowledge was one of the essential conditions that should be present in 
implementing ICT integration in the Smart School. Most of the teachers in this study had 
attended the 14-week course. Data revealed that some of the teachers were not 
happy with the course they had attended. The knowledge that the teachers acquired 
during the course could not be applied in their school. Teachers who had attended 
14-week course had found that the software and hardware they learned during the 
course were not the same with what was found in the school. Thus, they found their 
knowledge was not relevant to the school setting. They were quite disappointed. 
Thus, they had to learn the hardware and software found in the school and this had 
taken much of their time. They also felt the 14-week course did not teach them on how to 
integrate ICT in their teaching. Mdm. Chandra clarified, 

...other colleges they used umm Macromedia. So when we use ...I think we are the only group using 
Toolbook instructor and I can't see the benefit of it because err when we come back to school we 
don't have the programmed (Mdm. Chandra: 395-397] 

During the 14-week course, teachers had to do a practicum for a month. However, 
during the practicum they were given less teaching periods. Thus, this had enabled 
them to implement ICT integration in their teaching. But once they went back to their 
schools, they were given the normal amount of teaching periods. Therefore this had 
caused some problems to them. As Mdm. Bedah explained, 

Err you see my practicum time it was so nice in the sense, they only gave 10 periods. So I plot 
all the time to prepare what I want. All my worksheet typed nicely and all were done properly and 
I had differently, different, different groups doing as required. But now I am teaching five classes, 
how am I going to do that? [Mdm. Bedah: 271 - 276] 

The	Implementation	of	Ict	Integration	in	Malaysian	Smart	Schools 207

 

4.2.3 Lesson Preparation Time 
Teachers in Malaysian school were not given lesson preparation time. Preparing of lesson 
was done at home or during teachers' free time. Teachers felt in this information age 
there should be allocation of lesson preparation time. Thus, this would enable 
teachers to spend time in producing ICT based teaching materials. Moreover, the 
schools had provided them the high-speed computers, and the round the clock access to the 
Internet and TLM. 
Teachers who were ICT competent were found to need shorter time to prepare their 
lessons using ICT. Whilst teachers with low ICT competent were found to take a 
longer time to prepare their lessons. Teachers in School C experienced that once they 
had the materials then it would be fast to prepare for the next class. 
Mdm. Cempaka related her experience on preparing her lesson, she said, 

  
Ok, to find the website it took me time about two hours, I can say. The correct web, it takes  one 
hour, one and the half hour or so. But to prepare the slide was very fast. Because I was 
quite expose to all these courses that I went. you know, I err... [Mdm. Cempaka: 192 - 195] 

Mdm. Chandra admitted that initially it was time consuming to prepare her lesson 
using the ICT, especially the TLM courseware. She explained, 

Err it is umrn in a way it is time consuming because err it's new to us we have to go through 
the content first before giving it to the students. So in that way it is time consuming but if let 
say after we have got the experiences, 'we know where to, where to surf for example or 
what is the content of certain courseware then I feel that it will be faster [Mdm. 
Chandra: 254 – 258] 

However it was not for teachers in School A and some of the teachers in School B. 
 
You want to put in a lot of things in the PowerPoint but you don't have time to do that. 
Sometimes, sometimes, do it, preparing PowerPoint is not that easy. Some of the keys I 
already forgotten. You need to practice to co me out with the PowerPoint. I've attended two days 
course and after that I did some of the presentations in the PowerPoint then I forgotten already 
[Mdm. Ang: 433 – 4381]. 

 
4.3.3 Teaching Time 
Teaching time in this study refers to time where teachers actually engaged in 
teaching. On average, the class time or a teaching period  in Malaysian secondary school 
is between thirty-five to forty minutes. Most schools have eight periods a day. All 
teachers in School C and School B would use their double periods to integrate ICT in 
the lesson. During the single period, the teachers would teach theory and concept. 
They found that integrating ICT needed extra time for students to come to the 
computer lab, settle down and then switch on the computer. Thus, the time left was 
inadequate for teachers to integrate ICT. 
During the classroom observation in School C, the researcher found that students had 
to rush with their task that was required to be submitted on the same day. They had 
to queue for the printer. The one-hour learning period, was not enough for these 
students especially when the need to print their work at the end of the lesson. 

 

Observation data showed that students took -about five to ten minutes to reach the 
classroom and five to ten minutes to settle down. The researcher had purposely arrived 
at the computer lab half an hour early before the classroom observation. The 
researcher had time to view the movements of the students coming and leaving the 
computer lab. It was discovered that they took about five minutes to operate the 
computers. If they faced technical problem, the teacher took another five to ten 
minutes to start the lesson. Thus, this had shortened the teaching time. School A 
teachers were not too happy with this reduced time 
In School A, the school had rearranged the teaching timetable from 40 minutes to an 
hour so that teachers could use ICT during their teaching. According to the Principal 
A, 

Err...we had extended to one hour... because we ...we know if we use multi...we used Multimedia 
... we need you know that time...extra time ...and also ...that's why...that's why [Principal A: 
156-158]. 

 
However, teachers in this school felt that the one-hour allocated for teaching 
was not enough if ICT is used in the teaching and learning process. 

 
4.3.4 Course Content 
The ICT knowledge was one of the essential conditions that should be present in 
implementing ICT integration in the Smart School. Most of the teachers in this study had 
attended the 14-week course. Data revealed that some of the teachers were not 
happy with the course they had attended. The knowledge that the teachers acquired 
during the course could not be applied in their school. Teachers who had attended 
14-week course had found that the software and hardware they learned during the 
course were not the same with what was found in the school. Thus, they found their 
knowledge was not relevant to the school setting. They were quite disappointed. 
Thus, they had to learn the hardware and software found in the school and this had 
taken much of their time. They also felt the 14-week course did not teach them on how to 
integrate ICT in their teaching. Mdm. Chandra clarified, 

...other colleges they used umm Macromedia. So when we use ...I think we are the only group using 
Toolbook instructor and I can't see the benefit of it because err when we come back to school we 
don't have the programmed (Mdm. Chandra: 395-397] 

During the 14-week course, teachers had to do a practicum for a month. However, 
during the practicum they were given less teaching periods. Thus, this had enabled 
them to implement ICT integration in their teaching. But once they went back to their 
schools, they were given the normal amount of teaching periods. Therefore this had 
caused some problems to them. As Mdm. Bedah explained, 

Err you see my practicum time it was so nice in the sense, they only gave 10 periods. So I plot 
all the time to prepare what I want. All my worksheet typed nicely and all were done properly and 
I had differently, different, different groups doing as required. But now I am teaching five classes, 
how am I going to do that? [Mdm. Bedah: 271 - 276] 



New	Achievements	in	Technology,	Education	and	Development206

 

4.2.3 Lesson Preparation Time 
Teachers in Malaysian school were not given lesson preparation time. Preparing of lesson 
was done at home or during teachers' free time. Teachers felt in this information age 
there should be allocation of lesson preparation time. Thus, this would enable 
teachers to spend time in producing ICT based teaching materials. Moreover, the 
schools had provided them the high-speed computers, and the round the clock access to the 
Internet and TLM. 
Teachers who were ICT competent were found to need shorter time to prepare their 
lessons using ICT. Whilst teachers with low ICT competent were found to take a 
longer time to prepare their lessons. Teachers in School C experienced that once they 
had the materials then it would be fast to prepare for the next class. 
Mdm. Cempaka related her experience on preparing her lesson, she said, 

  
Ok, to find the website it took me time about two hours, I can say. The correct web, it takes  one 
hour, one and the half hour or so. But to prepare the slide was very fast. Because I was 
quite expose to all these courses that I went. you know, I err... [Mdm. Cempaka: 192 - 195] 

Mdm. Chandra admitted that initially it was time consuming to prepare her lesson 
using the ICT, especially the TLM courseware. She explained, 

Err it is umrn in a way it is time consuming because err it's new to us we have to go through 
the content first before giving it to the students. So in that way it is time consuming but if let 
say after we have got the experiences, 'we know where to, where to surf for example or 
what is the content of certain courseware then I feel that it will be faster [Mdm. 
Chandra: 254 – 258] 

However it was not for teachers in School A and some of the teachers in School B. 
 
You want to put in a lot of things in the PowerPoint but you don't have time to do that. 
Sometimes, sometimes, do it, preparing PowerPoint is not that easy. Some of the keys I 
already forgotten. You need to practice to co me out with the PowerPoint. I've attended two days 
course and after that I did some of the presentations in the PowerPoint then I forgotten already 
[Mdm. Ang: 433 – 4381]. 
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During the classroom observation in School C, the researcher found that students had 
to rush with their task that was required to be submitted on the same day. They had 
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In School A, the school had rearranged the teaching timetable from 40 minutes to an 
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14-week course had found that the software and hardware they learned during the 
course were not the same with what was found in the school. Thus, they found their 
knowledge was not relevant to the school setting. They were quite disappointed. 
Thus, they had to learn the hardware and software found in the school and this had 
taken much of their time. They also felt the 14-week course did not teach them on how to 
integrate ICT in their teaching. Mdm. Chandra clarified, 

...other colleges they used umm Macromedia. So when we use ...I think we are the only group using 
Toolbook instructor and I can't see the benefit of it because err when we come back to school we 
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During the 14-week course, teachers had to do a practicum for a month. However, 
during the practicum they were given less teaching periods. Thus, this had enabled 
them to implement ICT integration in their teaching. But once they went back to their 
schools, they were given the normal amount of teaching periods. Therefore this had 
caused some problems to them. As Mdm. Bedah explained, 

Err you see my practicum time it was so nice in the sense, they only gave 10 periods. So I plot 
all the time to prepare what I want. All my worksheet typed nicely and all were done properly and 
I had differently, different, different groups doing as required. But now I am teaching five classes, 
how am I going to do that? [Mdm. Bedah: 271 - 276] 
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The courses that the teachers had attended did not contribute much to the 
implementation of ICT integration in the curriculum. This is finding consistent with 
the study carried out by Mohammed. Sani, Jamalul Lail, and Mohd Izham (2001). 
Their finding showed that teachers who had attended the 14-week Bestari were weak in IT 
skills and selecting and using appropriate software. 

 
4.3.5 Technical Malfunction 
Technical problems had also contributed to the other problems the teacher faced 
during the implementation of ICT integration in the curriculum. The malfunction of 
computer, server, router and technical problems to gain access to SSMS and TLM were 
some of the major problems faced by, the teachers. Although technicians were 
positioned in all these schools, the frequent technical malfunction had imposed 
problem to teachers. 
During the classroom observation in School C, about three computers and the LCD were 
faulty. Therefore, during the lesson, about three students had to share a computer. Since 
the LCD was faulty, Mdm. Chandra had to move around from one computer to 
another to give instruction on using the courseware. That had taken much of her 
teaching time. Mdm. Chandra had encouraged her students who were good in ICT to assist 
her. Mdm. Camelia did not manage to start her lesson on time. That was because the LCD in 
the computer lab was out of order. She only knew about the faulty LCD when she 
went to the computer lab. She had to get another set from the office. It took her about 
fifteen minutes to get and setup the LCD. While Mdm. Camelia was setting up the 
LCD, she instructed her students to surf the Internet to look for some information 
with regards to the topic taught. She was disappointed when her planned lesson could 
not be carried out. She voiced out, 
 
Actually we wanted to use the Internet because on that day as you saw we did not have the LCD 
projector and then I have to spend time going and getting the projector. So I actually intended 
to go along with the student 2nd search the net and then come up with those sites the stuff that 
I wanted wasn't actually carried out very well. Because, I wanted them to access some data on a 
particular... such as statistic err histograms. l wanted them to see for themselves first was a 
histogram without me doing  telling them what it was. So, I wasn't able to do that. [Mdm. 
Camelia: 37-44]. 
 
School A experienced router break down. The router was struck by lightning. All 
computers in the block could not be connected to the Internet, SSMS and TLM. 
According to the ICT coordinator, it would take sometime for the school to buy new 
routers since it was quite costly. In the meantime, the ICT coordinator had configured 
some of the computers to be 'standalone. So teachers could still use the computer. 
However, they could not access to the SSMS where teachers' folders and 
materials were kept. This had discouraged teachers from using ICT. 
The SSMS had caused a lot of headaches and dissatisfaction among the teachers. The 
Smart School Team also highlighted this problem when they visited the: schools in 
January 2003. The SMMS was identified as a crucial component that had to be set 
up correctly before the program can be expanded to other schools (MoE 2003). 
Teachers in Smart School had not only to teach using ICT but they also had to learn 

 

the system. Besides learning to use the hardware and software, teachers had to learn 
how to operate the SSMS. Teachers in these schools had to learn two things, one, to 
integrate ICT in their teaching, second, to use the electronic management system, 
the SSMS. The management system is where the teachers had to write their weekly 
lesson plan, key-in students profiles, and set timetables. If a server breaks down, 
the teachers could not get access  to the SSMS.  Thus,  lessons prepared and 
saved in the teachers' folder found in SSMS could not be retrieved. Teachers felt 
frustrated over this problem. 
If a teacher had planned to use the materials they had prepared earlier they had 
to get access to SSMS. A lesson plan had to be written using the SSMS. 
Registration of the students was also done using SSMS. These head created problems to 
teachers in all schools. There were not many computers online with SSMS. In 
School B, there were three computers in the teachers' room. The teachers had to rush 
for these three machines. Even in School C, the teachers faced the same problem 
too. According to Mdm. Chandra, 
 
Umm, well err most of the time if... let say in term of hardware, err we just have to search for 
other computers. Some of us have even gone to the classroom to use the classroom's 
computer instead of the staff room computers. So we still can do that but then we have to 
err, err see to the ability of the computer [Mdm. Chandra: 526 – 530] 
Mdm. Camelia commented on the SSMS, "It's a lousy system" [437] and Mdm. Chandra 
put the blame on the system, " Actually the problem of using SSMS" [Mdm. Chandra: 686]. 
The SSMS had also caused problem to the teachers because it could not be accessed from 
home. Teachers had to prepare their lesson in school if they want to use the 
courseware. The courseware could only be viewed by using TLM. Therefore, if the 
server breaks down, teachers and students could not view the courseware and teachers 
could not prepare their lesson plan. This had caused teachers to feel frustrated and 
disappointed in using the computer. 

 
5. Discussion  
 

All the three schools are experiencing enormous pressure to adopt and promote technology 
innovations. They have not only learned to be familiarized to the ICT hardware and software 
but also the SSMS and TLM. Thus, this has caused strenuous pressure among teachers. They 
have to learn the computer skills, different pedagogical approaches and have to learn the 
system. The implementation of ICT integration in the school is very demanding on the 
teachers. However, this has not stopped some of the teachers to integrate ICT in their school.  
Sathiamoorthy (2001) carried out a study on Smart School using the Hall’s Concerns-Based 
Adoption Model (CBAM).  The finding showed that teachers’ ability in managing Computer 
and their Level of Use (LoU) in Smart School were low. He found that 64.3 percent of teachers 
were clustered in the “Mechanical” user, Level III.  The “Mechanical” user generally reflects 
lack of effective management and anticipation in day-to-day needs. It could thus be 
concluded that teachers were aware of the technology but had not utilise ICT fully in the 
classroom. The study was carried out in the year 2000 when the project was only its second 
year of implementation, while Smith (2001) stresses that evidence of change could only be 

The	Implementation	of	Ict	Integration	in	Malaysian	Smart	Schools 209

 

The courses that the teachers had attended did not contribute much to the 
implementation of ICT integration in the curriculum. This is finding consistent with 
the study carried out by Mohammed. Sani, Jamalul Lail, and Mohd Izham (2001). 
Their finding showed that teachers who had attended the 14-week Bestari were weak in IT 
skills and selecting and using appropriate software. 

 
4.3.5 Technical Malfunction 
Technical problems had also contributed to the other problems the teacher faced 
during the implementation of ICT integration in the curriculum. The malfunction of 
computer, server, router and technical problems to gain access to SSMS and TLM were 
some of the major problems faced by, the teachers. Although technicians were 
positioned in all these schools, the frequent technical malfunction had imposed 
problem to teachers. 
During the classroom observation in School C, about three computers and the LCD were 
faulty. Therefore, during the lesson, about three students had to share a computer. Since 
the LCD was faulty, Mdm. Chandra had to move around from one computer to 
another to give instruction on using the courseware. That had taken much of her 
teaching time. Mdm. Chandra had encouraged her students who were good in ICT to assist 
her. Mdm. Camelia did not manage to start her lesson on time. That was because the LCD in 
the computer lab was out of order. She only knew about the faulty LCD when she 
went to the computer lab. She had to get another set from the office. It took her about 
fifteen minutes to get and setup the LCD. While Mdm. Camelia was setting up the 
LCD, she instructed her students to surf the Internet to look for some information 
with regards to the topic taught. She was disappointed when her planned lesson could 
not be carried out. She voiced out, 
 
Actually we wanted to use the Internet because on that day as you saw we did not have the LCD 
projector and then I have to spend time going and getting the projector. So I actually intended 
to go along with the student 2nd search the net and then come up with those sites the stuff that 
I wanted wasn't actually carried out very well. Because, I wanted them to access some data on a 
particular... such as statistic err histograms. l wanted them to see for themselves first was a 
histogram without me doing  telling them what it was. So, I wasn't able to do that. [Mdm. 
Camelia: 37-44]. 
 
School A experienced router break down. The router was struck by lightning. All 
computers in the block could not be connected to the Internet, SSMS and TLM. 
According to the ICT coordinator, it would take sometime for the school to buy new 
routers since it was quite costly. In the meantime, the ICT coordinator had configured 
some of the computers to be 'standalone. So teachers could still use the computer. 
However, they could not access to the SSMS where teachers' folders and 
materials were kept. This had discouraged teachers from using ICT. 
The SSMS had caused a lot of headaches and dissatisfaction among the teachers. The 
Smart School Team also highlighted this problem when they visited the: schools in 
January 2003. The SMMS was identified as a crucial component that had to be set 
up correctly before the program can be expanded to other schools (MoE 2003). 
Teachers in Smart School had not only to teach using ICT but they also had to learn 

 

the system. Besides learning to use the hardware and software, teachers had to learn 
how to operate the SSMS. Teachers in these schools had to learn two things, one, to 
integrate ICT in their teaching, second, to use the electronic management system, 
the SSMS. The management system is where the teachers had to write their weekly 
lesson plan, key-in students profiles, and set timetables. If a server breaks down, 
the teachers could not get access  to the SSMS.  Thus,  lessons prepared and 
saved in the teachers' folder found in SSMS could not be retrieved. Teachers felt 
frustrated over this problem. 
If a teacher had planned to use the materials they had prepared earlier they had 
to get access to SSMS. A lesson plan had to be written using the SSMS. 
Registration of the students was also done using SSMS. These head created problems to 
teachers in all schools. There were not many computers online with SSMS. In 
School B, there were three computers in the teachers' room. The teachers had to rush 
for these three machines. Even in School C, the teachers faced the same problem 
too. According to Mdm. Chandra, 
 
Umm, well err most of the time if... let say in term of hardware, err we just have to search for 
other computers. Some of us have even gone to the classroom to use the classroom's 
computer instead of the staff room computers. So we still can do that but then we have to 
err, err see to the ability of the computer [Mdm. Chandra: 526 – 530] 
Mdm. Camelia commented on the SSMS, "It's a lousy system" [437] and Mdm. Chandra 
put the blame on the system, " Actually the problem of using SSMS" [Mdm. Chandra: 686]. 
The SSMS had also caused problem to the teachers because it could not be accessed from 
home. Teachers had to prepare their lesson in school if they want to use the 
courseware. The courseware could only be viewed by using TLM. Therefore, if the 
server breaks down, teachers and students could not view the courseware and teachers 
could not prepare their lesson plan. This had caused teachers to feel frustrated and 
disappointed in using the computer. 

 
5. Discussion  
 

All the three schools are experiencing enormous pressure to adopt and promote technology 
innovations. They have not only learned to be familiarized to the ICT hardware and software 
but also the SSMS and TLM. Thus, this has caused strenuous pressure among teachers. They 
have to learn the computer skills, different pedagogical approaches and have to learn the 
system. The implementation of ICT integration in the school is very demanding on the 
teachers. However, this has not stopped some of the teachers to integrate ICT in their school.  
Sathiamoorthy (2001) carried out a study on Smart School using the Hall’s Concerns-Based 
Adoption Model (CBAM).  The finding showed that teachers’ ability in managing Computer 
and their Level of Use (LoU) in Smart School were low. He found that 64.3 percent of teachers 
were clustered in the “Mechanical” user, Level III.  The “Mechanical” user generally reflects 
lack of effective management and anticipation in day-to-day needs. It could thus be 
concluded that teachers were aware of the technology but had not utilise ICT fully in the 
classroom. The study was carried out in the year 2000 when the project was only its second 
year of implementation, while Smith (2001) stresses that evidence of change could only be 



New	Achievements	in	Technology,	Education	and	Development208

 

The courses that the teachers had attended did not contribute much to the 
implementation of ICT integration in the curriculum. This is finding consistent with 
the study carried out by Mohammed. Sani, Jamalul Lail, and Mohd Izham (2001). 
Their finding showed that teachers who had attended the 14-week Bestari were weak in IT 
skills and selecting and using appropriate software. 

 
4.3.5 Technical Malfunction 
Technical problems had also contributed to the other problems the teacher faced 
during the implementation of ICT integration in the curriculum. The malfunction of 
computer, server, router and technical problems to gain access to SSMS and TLM were 
some of the major problems faced by, the teachers. Although technicians were 
positioned in all these schools, the frequent technical malfunction had imposed 
problem to teachers. 
During the classroom observation in School C, about three computers and the LCD were 
faulty. Therefore, during the lesson, about three students had to share a computer. Since 
the LCD was faulty, Mdm. Chandra had to move around from one computer to 
another to give instruction on using the courseware. That had taken much of her 
teaching time. Mdm. Chandra had encouraged her students who were good in ICT to assist 
her. Mdm. Camelia did not manage to start her lesson on time. That was because the LCD in 
the computer lab was out of order. She only knew about the faulty LCD when she 
went to the computer lab. She had to get another set from the office. It took her about 
fifteen minutes to get and setup the LCD. While Mdm. Camelia was setting up the 
LCD, she instructed her students to surf the Internet to look for some information 
with regards to the topic taught. She was disappointed when her planned lesson could 
not be carried out. She voiced out, 
 
Actually we wanted to use the Internet because on that day as you saw we did not have the LCD 
projector and then I have to spend time going and getting the projector. So I actually intended 
to go along with the student 2nd search the net and then come up with those sites the stuff that 
I wanted wasn't actually carried out very well. Because, I wanted them to access some data on a 
particular... such as statistic err histograms. l wanted them to see for themselves first was a 
histogram without me doing  telling them what it was. So, I wasn't able to do that. [Mdm. 
Camelia: 37-44]. 
 
School A experienced router break down. The router was struck by lightning. All 
computers in the block could not be connected to the Internet, SSMS and TLM. 
According to the ICT coordinator, it would take sometime for the school to buy new 
routers since it was quite costly. In the meantime, the ICT coordinator had configured 
some of the computers to be 'standalone. So teachers could still use the computer. 
However, they could not access to the SSMS where teachers' folders and 
materials were kept. This had discouraged teachers from using ICT. 
The SSMS had caused a lot of headaches and dissatisfaction among the teachers. The 
Smart School Team also highlighted this problem when they visited the: schools in 
January 2003. The SMMS was identified as a crucial component that had to be set 
up correctly before the program can be expanded to other schools (MoE 2003). 
Teachers in Smart School had not only to teach using ICT but they also had to learn 

 

the system. Besides learning to use the hardware and software, teachers had to learn 
how to operate the SSMS. Teachers in these schools had to learn two things, one, to 
integrate ICT in their teaching, second, to use the electronic management system, 
the SSMS. The management system is where the teachers had to write their weekly 
lesson plan, key-in students profiles, and set timetables. If a server breaks down, 
the teachers could not get access  to the SSMS.  Thus,  lessons prepared and 
saved in the teachers' folder found in SSMS could not be retrieved. Teachers felt 
frustrated over this problem. 
If a teacher had planned to use the materials they had prepared earlier they had 
to get access to SSMS. A lesson plan had to be written using the SSMS. 
Registration of the students was also done using SSMS. These head created problems to 
teachers in all schools. There were not many computers online with SSMS. In 
School B, there were three computers in the teachers' room. The teachers had to rush 
for these three machines. Even in School C, the teachers faced the same problem 
too. According to Mdm. Chandra, 
 
Umm, well err most of the time if... let say in term of hardware, err we just have to search for 
other computers. Some of us have even gone to the classroom to use the classroom's 
computer instead of the staff room computers. So we still can do that but then we have to 
err, err see to the ability of the computer [Mdm. Chandra: 526 – 530] 
Mdm. Camelia commented on the SSMS, "It's a lousy system" [437] and Mdm. Chandra 
put the blame on the system, " Actually the problem of using SSMS" [Mdm. Chandra: 686]. 
The SSMS had also caused problem to the teachers because it could not be accessed from 
home. Teachers had to prepare their lesson in school if they want to use the 
courseware. The courseware could only be viewed by using TLM. Therefore, if the 
server breaks down, teachers and students could not view the courseware and teachers 
could not prepare their lesson plan. This had caused teachers to feel frustrated and 
disappointed in using the computer. 

 
5. Discussion  
 

All the three schools are experiencing enormous pressure to adopt and promote technology 
innovations. They have not only learned to be familiarized to the ICT hardware and software 
but also the SSMS and TLM. Thus, this has caused strenuous pressure among teachers. They 
have to learn the computer skills, different pedagogical approaches and have to learn the 
system. The implementation of ICT integration in the school is very demanding on the 
teachers. However, this has not stopped some of the teachers to integrate ICT in their school.  
Sathiamoorthy (2001) carried out a study on Smart School using the Hall’s Concerns-Based 
Adoption Model (CBAM).  The finding showed that teachers’ ability in managing Computer 
and their Level of Use (LoU) in Smart School were low. He found that 64.3 percent of teachers 
were clustered in the “Mechanical” user, Level III.  The “Mechanical” user generally reflects 
lack of effective management and anticipation in day-to-day needs. It could thus be 
concluded that teachers were aware of the technology but had not utilise ICT fully in the 
classroom. The study was carried out in the year 2000 when the project was only its second 
year of implementation, while Smith (2001) stresses that evidence of change could only be 
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seen in the third year of implementation. The current study found that teachers’ ability in 
managing computer integration were high except only for School A.  
Hall and Hord (1987) Level of Use (LoU) addresses behaviours related to how the individual 
uses the technology. In Smart School, the decision to use an innovation was decided by the 
Ministry. Thus, the teachers in Smart School were categorized at Level of Use II – Preparation, 
where the focus was on preparing for the first use of the innovation. Findings from classroom 
observations and interviews indicate that the teachers in School C have moved from LoU II to 
LoU IVA, where the use of innovation is stabilized. Teachers in school B have also moved 
from LoU II to LoU III. At this level, the teachers have put some effort to use ICT but still 
showed the inefficiency of using the technology. However, teachers in School A are at Level II 
– Preparation. They are still at the same level as when this program was introduced. 
Techers’ levels of use in these schools are found to be influenced by Rogers (1995) adoption 
categories. Based on Rogers (1995) Technology Adoption Life Cycle, it found that teachers in 
the three schools could be put into three categories, the early adopters, early majority and late 
majority. School C teachers showed they were among the early adopters. In their teaching 
record books it was found that they had all integrated ICT throughout their teaching. 
Interviews and observations data also revealed that they had integrated ICT in their teaching. 
Being early adopters, they were the first to adopt innovation. This might be because their 
school was new and equipped with ICT infrastructure with two computer labs as well as six 
computers in classroom. 
School B teachers could be categorized as early majority who adopt the innovation after early 
adopters group. Their rate of  integrating ICT in their teaching was slower than School C. The 
school ICT infrastructure was partly the reason for the slow integration. Insufficient hardware 
had caused teachers not to integrate ICT aggressively in their teaching. 
Rogers stated that late majority are more sceptical and will only adopt the innovation after 
early majority. School A teachers could be categorized as late majority. Data gathered from 
School A revealed that teachers would like to the results of those schools that had high 
academic performance by using ICT. They also had suggested that they wanted to see how 
other teachers integrated ICT in classroom situation before they could do it in theirs. 
The study has also discovered that the teachers in School C and School B integrate ICT in four 
levels of ICT integration approaches. The highest level is Level 4 where teacher integrates ICT 
by using the combination of ICT as hands-on activities, ICT as printed resources and verbal 
resources. While Level 3 sees teacher integrated ICT as hands-on activities. At this level, the 
students handle the computer individually or in pair and do the given task during the 
teaching and learning period. In Level 2, teachers integrated ICT as printed resources to 
enhance their teaching. The teacher distributed handouts to students as part of the group 
work exercise. The lowest level is Level 1 where teacher in this level integrated ICT as verbal 
resources. At this level the teacher gave the website address verbally and the name of related 
CR-ROM to students for further reading or information. 
Teachers in School C are found to be in Level 4 and 3. While, some teachers in School B are in 
the Level 3, 2, and 1. None of the teachers in School B are in Level 4. School C teachers are 
found to be actively implementing ICT integration in their teaching unlike School B and 
School A. School C teachers are very committed to the technology. Their commitment is 
evident from the interviews, classroom observation and document reviews. They were very 
enthusiastic when they shared their experiences during the interviews. The differences in the 
level of integration might be because of the absence of certain conditions in schools.  
 

 

6. Implication and Conclusion 
 

From the data put forward from interviews, it has clearly shown that the teachers lacked 
knowledge on integrating ICT in classroom. Therefore, schools and Ministry of Education 
should improve their course outline in teaching teachers “when” and “how” to integrate 
ICT. The course should be more focused on how ICT is used as a tool that assists and 
motivates teachers and students in teaching and learning. Teachers’ experiences also 
revealed that when attending the course, they had to learn software, which was not found 
in the school setting. Teachers should be exposed to whatever hardware and software 
found in the school so that they could be applied in their teaching.  
There are many articles in the net and  journals written on how teachers can integrate ICT 
with one computer in the classroom. There are also suggestions and online forum for 
teachers that  enable them to integrate ICT in their teaching. Some teachers in this study 
were not aware or inform   ed of it. Knowledge on “when” and “how” to integrate ICT in 
the curriculum need to highlighted in the teachers’ training course outline.The teachers in 
this study preferred first hand information. They wanted to see more examples on how the 
technology is used not just in theory. These teachers practicing consequently, they need real 
life examples. It is recommended that experienced teachers should conduct ICT integration 
courses. This move would enhance teachers’ confidence, motivation and commitment. 
Implementation of any innovation needs to be introduced one at a time. For example, in 
getting the teachers to integrate ICT in their lessons, they must be confident and comfortable 
with the technology first. The SSMS should come later. The teacher should also be given a 
choice of using the courseware bought by the schools.   
The present society is increasingly dependent on electronic information and 
communications. Large quantities of information are available and transaction can take 
place remotely. The ICT has become part of the society for communication between people, 
searching for entertainment and education, virtual meeting place, shopping and many more. 
Thus education plays a very important role to provide the platform and strong foundation 
to people. This study contribute to the implication for theory and practice of practitioners 
who want to implement ICT integration especially  in Malaysian Smart School. The findings 
might also be useful  for other school who plan to implement ICT integration in classroom.  
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seen in the third year of implementation. The current study found that teachers’ ability in 
managing computer integration were high except only for School A.  
Hall and Hord (1987) Level of Use (LoU) addresses behaviours related to how the individual 
uses the technology. In Smart School, the decision to use an innovation was decided by the 
Ministry. Thus, the teachers in Smart School were categorized at Level of Use II – Preparation, 
where the focus was on preparing for the first use of the innovation. Findings from classroom 
observations and interviews indicate that the teachers in School C have moved from LoU II to 
LoU IVA, where the use of innovation is stabilized. Teachers in school B have also moved 
from LoU II to LoU III. At this level, the teachers have put some effort to use ICT but still 
showed the inefficiency of using the technology. However, teachers in School A are at Level II 
– Preparation. They are still at the same level as when this program was introduced. 
Techers’ levels of use in these schools are found to be influenced by Rogers (1995) adoption 
categories. Based on Rogers (1995) Technology Adoption Life Cycle, it found that teachers in 
the three schools could be put into three categories, the early adopters, early majority and late 
majority. School C teachers showed they were among the early adopters. In their teaching 
record books it was found that they had all integrated ICT throughout their teaching. 
Interviews and observations data also revealed that they had integrated ICT in their teaching. 
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adopters group. Their rate of  integrating ICT in their teaching was slower than School C. The 
school ICT infrastructure was partly the reason for the slow integration. Insufficient hardware 
had caused teachers not to integrate ICT aggressively in their teaching. 
Rogers stated that late majority are more sceptical and will only adopt the innovation after 
early majority. School A teachers could be categorized as late majority. Data gathered from 
School A revealed that teachers would like to the results of those schools that had high 
academic performance by using ICT. They also had suggested that they wanted to see how 
other teachers integrated ICT in classroom situation before they could do it in theirs. 
The study has also discovered that the teachers in School C and School B integrate ICT in four 
levels of ICT integration approaches. The highest level is Level 4 where teacher integrates ICT 
by using the combination of ICT as hands-on activities, ICT as printed resources and verbal 
resources. While Level 3 sees teacher integrated ICT as hands-on activities. At this level, the 
students handle the computer individually or in pair and do the given task during the 
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enhance their teaching. The teacher distributed handouts to students as part of the group 
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the Level 3, 2, and 1. None of the teachers in School B are in Level 4. School C teachers are 
found to be actively implementing ICT integration in their teaching unlike School B and 
School A. School C teachers are very committed to the technology. Their commitment is 
evident from the interviews, classroom observation and document reviews. They were very 
enthusiastic when they shared their experiences during the interviews. The differences in the 
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6. Implication and Conclusion 
 

From the data put forward from interviews, it has clearly shown that the teachers lacked 
knowledge on integrating ICT in classroom. Therefore, schools and Ministry of Education 
should improve their course outline in teaching teachers “when” and “how” to integrate 
ICT. The course should be more focused on how ICT is used as a tool that assists and 
motivates teachers and students in teaching and learning. Teachers’ experiences also 
revealed that when attending the course, they had to learn software, which was not found 
in the school setting. Teachers should be exposed to whatever hardware and software 
found in the school so that they could be applied in their teaching.  
There are many articles in the net and  journals written on how teachers can integrate ICT 
with one computer in the classroom. There are also suggestions and online forum for 
teachers that  enable them to integrate ICT in their teaching. Some teachers in this study 
were not aware or inform   ed of it. Knowledge on “when” and “how” to integrate ICT in 
the curriculum need to highlighted in the teachers’ training course outline.The teachers in 
this study preferred first hand information. They wanted to see more examples on how the 
technology is used not just in theory. These teachers practicing consequently, they need real 
life examples. It is recommended that experienced teachers should conduct ICT integration 
courses. This move would enhance teachers’ confidence, motivation and commitment. 
Implementation of any innovation needs to be introduced one at a time. For example, in 
getting the teachers to integrate ICT in their lessons, they must be confident and comfortable 
with the technology first. The SSMS should come later. The teacher should also be given a 
choice of using the courseware bought by the schools.   
The present society is increasingly dependent on electronic information and 
communications. Large quantities of information are available and transaction can take 
place remotely. The ICT has become part of the society for communication between people, 
searching for entertainment and education, virtual meeting place, shopping and many more. 
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seen in the third year of implementation. The current study found that teachers’ ability in 
managing computer integration were high except only for School A.  
Hall and Hord (1987) Level of Use (LoU) addresses behaviours related to how the individual 
uses the technology. In Smart School, the decision to use an innovation was decided by the 
Ministry. Thus, the teachers in Smart School were categorized at Level of Use II – Preparation, 
where the focus was on preparing for the first use of the innovation. Findings from classroom 
observations and interviews indicate that the teachers in School C have moved from LoU II to 
LoU IVA, where the use of innovation is stabilized. Teachers in school B have also moved 
from LoU II to LoU III. At this level, the teachers have put some effort to use ICT but still 
showed the inefficiency of using the technology. However, teachers in School A are at Level II 
– Preparation. They are still at the same level as when this program was introduced. 
Techers’ levels of use in these schools are found to be influenced by Rogers (1995) adoption 
categories. Based on Rogers (1995) Technology Adoption Life Cycle, it found that teachers in 
the three schools could be put into three categories, the early adopters, early majority and late 
majority. School C teachers showed they were among the early adopters. In their teaching 
record books it was found that they had all integrated ICT throughout their teaching. 
Interviews and observations data also revealed that they had integrated ICT in their teaching. 
Being early adopters, they were the first to adopt innovation. This might be because their 
school was new and equipped with ICT infrastructure with two computer labs as well as six 
computers in classroom. 
School B teachers could be categorized as early majority who adopt the innovation after early 
adopters group. Their rate of  integrating ICT in their teaching was slower than School C. The 
school ICT infrastructure was partly the reason for the slow integration. Insufficient hardware 
had caused teachers not to integrate ICT aggressively in their teaching. 
Rogers stated that late majority are more sceptical and will only adopt the innovation after 
early majority. School A teachers could be categorized as late majority. Data gathered from 
School A revealed that teachers would like to the results of those schools that had high 
academic performance by using ICT. They also had suggested that they wanted to see how 
other teachers integrated ICT in classroom situation before they could do it in theirs. 
The study has also discovered that the teachers in School C and School B integrate ICT in four 
levels of ICT integration approaches. The highest level is Level 4 where teacher integrates ICT 
by using the combination of ICT as hands-on activities, ICT as printed resources and verbal 
resources. While Level 3 sees teacher integrated ICT as hands-on activities. At this level, the 
students handle the computer individually or in pair and do the given task during the 
teaching and learning period. In Level 2, teachers integrated ICT as printed resources to 
enhance their teaching. The teacher distributed handouts to students as part of the group 
work exercise. The lowest level is Level 1 where teacher in this level integrated ICT as verbal 
resources. At this level the teacher gave the website address verbally and the name of related 
CR-ROM to students for further reading or information. 
Teachers in School C are found to be in Level 4 and 3. While, some teachers in School B are in 
the Level 3, 2, and 1. None of the teachers in School B are in Level 4. School C teachers are 
found to be actively implementing ICT integration in their teaching unlike School B and 
School A. School C teachers are very committed to the technology. Their commitment is 
evident from the interviews, classroom observation and document reviews. They were very 
enthusiastic when they shared their experiences during the interviews. The differences in the 
level of integration might be because of the absence of certain conditions in schools.  
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place remotely. The ICT has become part of the society for communication between people, 
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Thus education plays a very important role to provide the platform and strong foundation 
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seen in the third year of implementation. The current study found that teachers’ ability in 
managing computer integration were high except only for School A.  
Hall and Hord (1987) Level of Use (LoU) addresses behaviours related to how the individual 
uses the technology. In Smart School, the decision to use an innovation was decided by the 
Ministry. Thus, the teachers in Smart School were categorized at Level of Use II – Preparation, 
where the focus was on preparing for the first use of the innovation. Findings from classroom 
observations and interviews indicate that the teachers in School C have moved from LoU II to 
LoU IVA, where the use of innovation is stabilized. Teachers in school B have also moved 
from LoU II to LoU III. At this level, the teachers have put some effort to use ICT but still 
showed the inefficiency of using the technology. However, teachers in School A are at Level II 
– Preparation. They are still at the same level as when this program was introduced. 
Techers’ levels of use in these schools are found to be influenced by Rogers (1995) adoption 
categories. Based on Rogers (1995) Technology Adoption Life Cycle, it found that teachers in 
the three schools could be put into three categories, the early adopters, early majority and late 
majority. School C teachers showed they were among the early adopters. In their teaching 
record books it was found that they had all integrated ICT throughout their teaching. 
Interviews and observations data also revealed that they had integrated ICT in their teaching. 
Being early adopters, they were the first to adopt innovation. This might be because their 
school was new and equipped with ICT infrastructure with two computer labs as well as six 
computers in classroom. 
School B teachers could be categorized as early majority who adopt the innovation after early 
adopters group. Their rate of  integrating ICT in their teaching was slower than School C. The 
school ICT infrastructure was partly the reason for the slow integration. Insufficient hardware 
had caused teachers not to integrate ICT aggressively in their teaching. 
Rogers stated that late majority are more sceptical and will only adopt the innovation after 
early majority. School A teachers could be categorized as late majority. Data gathered from 
School A revealed that teachers would like to the results of those schools that had high 
academic performance by using ICT. They also had suggested that they wanted to see how 
other teachers integrated ICT in classroom situation before they could do it in theirs. 
The study has also discovered that the teachers in School C and School B integrate ICT in four 
levels of ICT integration approaches. The highest level is Level 4 where teacher integrates ICT 
by using the combination of ICT as hands-on activities, ICT as printed resources and verbal 
resources. While Level 3 sees teacher integrated ICT as hands-on activities. At this level, the 
students handle the computer individually or in pair and do the given task during the 
teaching and learning period. In Level 2, teachers integrated ICT as printed resources to 
enhance their teaching. The teacher distributed handouts to students as part of the group 
work exercise. The lowest level is Level 1 where teacher in this level integrated ICT as verbal 
resources. At this level the teacher gave the website address verbally and the name of related 
CR-ROM to students for further reading or information. 
Teachers in School C are found to be in Level 4 and 3. While, some teachers in School B are in 
the Level 3, 2, and 1. None of the teachers in School B are in Level 4. School C teachers are 
found to be actively implementing ICT integration in their teaching unlike School B and 
School A. School C teachers are very committed to the technology. Their commitment is 
evident from the interviews, classroom observation and document reviews. They were very 
enthusiastic when they shared their experiences during the interviews. The differences in the 
level of integration might be because of the absence of certain conditions in schools.  
 

 

6. Implication and Conclusion 
 

From the data put forward from interviews, it has clearly shown that the teachers lacked 
knowledge on integrating ICT in classroom. Therefore, schools and Ministry of Education 
should improve their course outline in teaching teachers “when” and “how” to integrate 
ICT. The course should be more focused on how ICT is used as a tool that assists and 
motivates teachers and students in teaching and learning. Teachers’ experiences also 
revealed that when attending the course, they had to learn software, which was not found 
in the school setting. Teachers should be exposed to whatever hardware and software 
found in the school so that they could be applied in their teaching.  
There are many articles in the net and  journals written on how teachers can integrate ICT 
with one computer in the classroom. There are also suggestions and online forum for 
teachers that  enable them to integrate ICT in their teaching. Some teachers in this study 
were not aware or inform   ed of it. Knowledge on “when” and “how” to integrate ICT in 
the curriculum need to highlighted in the teachers’ training course outline.The teachers in 
this study preferred first hand information. They wanted to see more examples on how the 
technology is used not just in theory. These teachers practicing consequently, they need real 
life examples. It is recommended that experienced teachers should conduct ICT integration 
courses. This move would enhance teachers’ confidence, motivation and commitment. 
Implementation of any innovation needs to be introduced one at a time. For example, in 
getting the teachers to integrate ICT in their lessons, they must be confident and comfortable 
with the technology first. The SSMS should come later. The teacher should also be given a 
choice of using the courseware bought by the schools.   
The present society is increasingly dependent on electronic information and 
communications. Large quantities of information are available and transaction can take 
place remotely. The ICT has become part of the society for communication between people, 
searching for entertainment and education, virtual meeting place, shopping and many more. 
Thus education plays a very important role to provide the platform and strong foundation 
to people. This study contribute to the implication for theory and practice of practitioners 
who want to implement ICT integration especially  in Malaysian Smart School. The findings 
might also be useful  for other school who plan to implement ICT integration in classroom.  
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1. Introduction  
 

The environment of this study is the European Space of High Education (EHEA) that the 
European Economic Countries (EEC) has proposed, in the Bologna Declaration. In 2010 
thirty three countries will must adopt a system of easily readable and comparable degrees, 
with two main cycles, and establish an European Credit Transfer System (ECTS). The main 
objective of this area is to improve the quality of teaching, learning and investigation at the 
universities of the European Economic Community (EEC). The adaptation to the norms 
defined in this area supposes for universities a big challenge whose attainment will allow 
them the integration with this area. The EHEA tries to establish a system of homogeneous 
degrees and post-degrees, in the EEC countries, with a new model of teaching and learning.   
 
The EHEA proposes for his curricula a mandatory final subject for degree or master work 
called Final Qualifications Work (FQW) including between six and thirty European Credit 
Transfer System (ECTS) (European, 2007) (BOE, 2007) The main target of this subject is the 
acquisition by student of a set of knowledge, skills and new research capacities oriented to 
the society requirements (ANECA, 2005). The definition of the new degrees demands a 
reframing of their current curricula, orientating them to the professional’s formation or their 
preparation for a third cycle of formation. Our job has been oriented toward these 
objectives. 
 
The frame that we have chosen in this study for the analysis of the state of the FQW has 
been Polytechnic University of Madrid (Universidad Politécnica de Madrid, UPM) and Juan 
Carlos King University (Universidad Rey Juan Carlos, URJC). Both are characterized by 
offering engineering degrees. Later we focused it to the Computer Science Engineering 
degrees on public and private universities in the Community of Madrid (Comunidad 
Autónoma de Madrid, CAM) 
 
This chapter presents a reflection about the FQW and proposes a set of best practices whose 
application could facilitate his definition and implantation in the curricula in the EHEA. The 
following sections show the method we have followed in order to obtain the proposed best 
practices. First of all we present the environment we have chosen in order to define these 
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offering engineering degrees. Later we focused it to the Computer Science Engineering 
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This chapter presents a reflection about the FQW and proposes a set of best practices whose 
application could facilitate his definition and implantation in the curricula in the EHEA. The 
following sections show the method we have followed in order to obtain the proposed best 
practices. First of all we present the environment we have chosen in order to define these 
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best practises, next the processes included in these best practices and, finally, the 
conclusions and future lines for the realized work. 

 
2. Method of work  
 

First of all, as it has been said before, we choose the universities that formed the 
environment for our study. We study the information about the FQW that we could bring 
over the webs of thirty three universities. 
 
This information was classified as information for the administration and information about 
the accomplishment of the FQW. We were surprised because most of faculties and centres of 
all the universities were showing information only for the administration. This was the 
reason we began to define the FQW as a service and then the actors that they take part in a 
FQW. 
 
Once the actors were identified, we were able to define the objectives for each one and then 
their activities. Each one would need different input information and would produce 
different output information. So we could study and think about the phases of the life cycle 
for a FQW and the activities and products in each phase for each actor.  
 
The process involves actors as students, teachers, personnel of administration and external 
organizations agents. As a result of this study we can obtain a set of templates, we could 
catalogue different types of FQW, and supply for each actor the information and a method 
to make his/her work, all of this inside of the life cycle of a service. 

 
3. Studying the environment 
 

Usually FQW is a key subject for the definition of most of the engineering degrees. Initially 
it was denominated Final Year Project (FYP) but it has been evolving, throughout different 
curricula in different schools and faculties, towards the FQW. Also, there are faculties, 
whose degrees are not included in the engineering environment, which consider in their 
curricula a Practicum as a subject necessary to obtain the degree. This article tries to show 
the present state for these subjects at the engineering degrees and contribute to some best 
practices which facilitate their definitions and the inclusion in the curricula in the EHEA and 
the EEI. 
 
An analysis of the state of the FQW has been made and the framework chosen for this study 
has been the UPM and URJC. Later we have focused this environment to the degrees on 
Computer Science Engineering of other public and private universities in the Community of 
Madrid, and it has been more detailed for the University School of Computing of the 
Polytechnic University of Madrid where they want to adopt a system: 
 

 of easily readable and comparable degrees, 
 with two main cycles (graduate and postgraduate), and 
 Establish an European Credit Transfer System  

 

Our job has been oriented toward these three objectives. We have focused it on thirty three 
Spanish Universities that together with the ANECA, have developed the White Book for the 
Computing Engineering Degree (ANECA, 2005). This book is signed by the totality of the 
Spanish universities where the Computer Engineering Degree is offered, on one or several 
centers, and all of them propose the FQW as a mandatory subject. We are going to detail our 
study at universities of Community of Madrid, where there are eight public and six private 
universities in which Computer Engineering Degree is taught. 
 

Fig. 1. Percentage of Credit for FQW in thirty three Spanish Universities 
 
First of all we are going to see the current average number of credits for the FYP and then 
we will see a possible evolution for the FQW in the EHEA. We have to separate the 
Computer Engineering Systems and Management three-year degree, and Computer 
Engineering Degree of four or five years, and we can see that the percentage of credits for 
the first is slightly higher than for the second. Those percentages approximately match 10 
current credits.  

Fig. 2. Credits Number for FQW before 2010 in System, Management and Degree  
 
Our approach for 2010 according with the ANECA and ACM curricula proposes a four-year 
degree with 240 ECTS and 12 ECTS for the project, which involve 300 working hours. The 
percentage will be slightly higher than now, but the number of working hours is three times 
superior. 
 
The UPM and our University School of Computing provide professionals in Information 
and Communication Technology and Engineers to the society and, in order to obtain the 
degree, they have to make the FQW. When the students want to know what the FQW is, he 
has different sources to look for this information. Frequently he or she uses the teachers´ 
knowledge to do it, but the most important source of them is based on internet. 
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the accomplishment of the FQW. We were surprised because most of faculties and centres of 
all the universities were showing information only for the administration. This was the 
reason we began to define the FQW as a service and then the actors that they take part in a 
FQW. 
 
Once the actors were identified, we were able to define the objectives for each one and then 
their activities. Each one would need different input information and would produce 
different output information. So we could study and think about the phases of the life cycle 
for a FQW and the activities and products in each phase for each actor.  
 
The process involves actors as students, teachers, personnel of administration and external 
organizations agents. As a result of this study we can obtain a set of templates, we could 
catalogue different types of FQW, and supply for each actor the information and a method 
to make his/her work, all of this inside of the life cycle of a service. 

 
3. Studying the environment 
 

Usually FQW is a key subject for the definition of most of the engineering degrees. Initially 
it was denominated Final Year Project (FYP) but it has been evolving, throughout different 
curricula in different schools and faculties, towards the FQW. Also, there are faculties, 
whose degrees are not included in the engineering environment, which consider in their 
curricula a Practicum as a subject necessary to obtain the degree. This article tries to show 
the present state for these subjects at the engineering degrees and contribute to some best 
practices which facilitate their definitions and the inclusion in the curricula in the EHEA and 
the EEI. 
 
An analysis of the state of the FQW has been made and the framework chosen for this study 
has been the UPM and URJC. Later we have focused this environment to the degrees on 
Computer Science Engineering of other public and private universities in the Community of 
Madrid, and it has been more detailed for the University School of Computing of the 
Polytechnic University of Madrid where they want to adopt a system: 
 

 of easily readable and comparable degrees, 
 with two main cycles (graduate and postgraduate), and 
 Establish an European Credit Transfer System  

 

Our job has been oriented toward these three objectives. We have focused it on thirty three 
Spanish Universities that together with the ANECA, have developed the White Book for the 
Computing Engineering Degree (ANECA, 2005). This book is signed by the totality of the 
Spanish universities where the Computer Engineering Degree is offered, on one or several 
centers, and all of them propose the FQW as a mandatory subject. We are going to detail our 
study at universities of Community of Madrid, where there are eight public and six private 
universities in which Computer Engineering Degree is taught. 
 

Fig. 1. Percentage of Credit for FQW in thirty three Spanish Universities 
 
First of all we are going to see the current average number of credits for the FYP and then 
we will see a possible evolution for the FQW in the EHEA. We have to separate the 
Computer Engineering Systems and Management three-year degree, and Computer 
Engineering Degree of four or five years, and we can see that the percentage of credits for 
the first is slightly higher than for the second. Those percentages approximately match 10 
current credits.  

Fig. 2. Credits Number for FQW before 2010 in System, Management and Degree  
 
Our approach for 2010 according with the ANECA and ACM curricula proposes a four-year 
degree with 240 ECTS and 12 ECTS for the project, which involve 300 working hours. The 
percentage will be slightly higher than now, but the number of working hours is three times 
superior. 
 
The UPM and our University School of Computing provide professionals in Information 
and Communication Technology and Engineers to the society and, in order to obtain the 
degree, they have to make the FQW. When the students want to know what the FQW is, he 
has different sources to look for this information. Frequently he or she uses the teachers´ 
knowledge to do it, but the most important source of them is based on internet. 
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degree with 240 ECTS and 12 ECTS for the project, which involve 300 working hours. The 
percentage will be slightly higher than now, but the number of working hours is three times 
superior. 
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We have studied the website of all universities in the Community of Madrid and found that 
there are a lot of specific information about administrative procedures but there aren’t any 
specific technical information related to FQW, such as: 
 

 Actors and roles of a project   
 Number of credits 
 General and specific objectives 
 Type of projects   
 Where to make it 

 
It is fundamental to know how the FQW is defined in every faculty and which are its most 
important aspects: what is a FQW, which are their objectives, how it must be made, when 
and who must be involved in every stage. The UPM and URJC has delegate these definitions 
to its faculties and everyone of them will have to decide the adaptation of the FQW to its 
curricula, endowing it of a number of credits and deciding about its nature and how the 
FQW will fit with the aims of the faculty and the necessities of the society. 
 
A few web sites show information that can help to the actors (students, teachers, personnel 
of administration and external organizations agents) during the development of the FQW. 
More than 90% of the web pages we have investigated correspond to faculties of computing 
science. Instead of information related to the definition and management of FQW, they have 
information about deadlines and for managing the project. It is different from other type of 
faculties where the stress is on the information related to what a project is, objectives, kinds 
of projects, way of evaluation... 
 
The focus varies from a faculty to other, from being an way of communicating information 
for management to being a real help for the knowledge of the basic concepts related to a 
FQW and the way different actors are implied. 
 
Only a 17% of faculties at UPM have defined their curricula totally adapted to ANECA´s 
recommendations in order to join the EHEA as soon as possible. None of these faculties 
have defined, or at least have published in his webpage, information related to the 
definition and management of FQW. This fact is the main cause that has induced us to 
propose a pack or activities or “best practices” (BP) to help to define the subject FQW as an 
important part of the engineering degree curricula in the scope of EHEA, and consequently 
to improve the learning and teaching process. 

 
4. Best Practice to define the FQW  
 

This way, to define and to make public this technical information about the activities that 
each actor must realize during the elaboration of a FQW, we decide to consider it must be a 
service that the university has to offer, in which different types of actors take part. This 
service has four types of actors: students, teacher, administration personnel, external 
managers and collaboration agents. First of all we have established five phases for making  
possible the definition, development and evaluation of the FQW, as well as the reviewing 
method. 

 
Fig. 3. Life Cycle in Five Phases  
 
So, as we can see on Fig. 3, the first step of this method proposes the definition of what the 
society expects from our students. The second step is about to know and define what we 
expect from the FQW. We need to know what we want of the FQW in the Computer 
Engineering Degree curricula. In third place, we have to define how we want the FQW to be 
developed. And, of course, for the forth step we need an Evaluation of the FQW in order to 
know its state and measure it. Finally we need a phase where we can review this method, its 
techniques and tools in order to improve it. For each one of these steps we have defined a 
set of best practices which allow us to implement them. We have codified our best practices 
with the letters BP before the number of the phase and followed by a number (BP101).  
 
For the first step of the life cycle we propose: 
 
BP101.- Requirements Elicitation of the necessities of the companies. We need to know the 
requirements of the organizations and the way to define and classify different types of FQW 
adapted to their different needs. Teachers, personnel of administration and external 
organizations agents take part in this activity. We have designed some templates that can be 
used in different meetings and that will allow us to know these necessities. The teachers 
might prepare FQW with identical aims to the needs of the organizations; the personnel of 
administration could manage the necessary templates that students will use and that could 
be monitored by the teacher. 
 
BP102.- Establishment of contacts with companies to define, according to both points of 
view, the project main aspects. The contact with the enterprise world must be realized so 
that it makes possible to have their necessities updated, and to check the continue update of 
FQW's lines.  It is of great importance to count on teachers that share working day between 
the university and a company. They could help to other teachers and students. A good 
definition of this role is necessary because they have an important role between the society 
and university world. The special activities those teachers have to realize always must be 
focused on showing the FQW students the importance of their professional activity. The 
information of these activities is focused on the definition and planning of the skills that the 
students have to acquire.  
 
BP103.- Teacher must gather real information from the companies and define lines of 
work as useful as it could be possible in order to help the students when they were looking 
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adapted to their different needs. Teachers, personnel of administration and external 
organizations agents take part in this activity. We have designed some templates that can be 
used in different meetings and that will allow us to know these necessities. The teachers 
might prepare FQW with identical aims to the needs of the organizations; the personnel of 
administration could manage the necessary templates that students will use and that could 
be monitored by the teacher. 
 
BP102.- Establishment of contacts with companies to define, according to both points of 
view, the project main aspects. The contact with the enterprise world must be realized so 
that it makes possible to have their necessities updated, and to check the continue update of 
FQW's lines.  It is of great importance to count on teachers that share working day between 
the university and a company. They could help to other teachers and students. A good 
definition of this role is necessary because they have an important role between the society 
and university world. The special activities those teachers have to realize always must be 
focused on showing the FQW students the importance of their professional activity. The 
information of these activities is focused on the definition and planning of the skills that the 
students have to acquire.  
 
BP103.- Teacher must gather real information from the companies and define lines of 
work as useful as it could be possible in order to help the students when they were looking 
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for their jobs after obtaining the degree. The profile of the students and their needs of 
training will be defined for the best accomplishment of the FQW. The aim of this 
complementary learning is that the students can develop special skills during the realization 
of the FQW. 
 
BP104.- In the last activity for this phase the teacher will be able to make an analysis of the 
information described above and define clearly: capacities the student will have to 
develop, which abilities is going to acquire, what responsibilities will be able to assume, 
which techniques and methods must know, what criteria will have to know to decide  
among different alternatives based on the type of project. Teachers´ role is very important 
for this activity. They will guide and train the students with the methods and techniques, 
and will instill the criteria that they will use as future professionals and, of course, will help 
them to adopt their own criteria. 
 
University must return to the society professionals and scientifics. Each university develops 
its self strategy and the activities in the second phase according to this strategic plan. If the 
BP104 is clearly defined and carefully implemented, it will be possible to decide what we 
expect from the FQW. In this step the human behavior and the relationships inside the 
university or in an enterprise are of great importance. In order to define this phase we 
propose a new set of BP: 
 
BP201.- The Definition of the human and social relationships that imply the 
accomplishment of the FQW. In this activity take part the personnel of administration and 
the teacher. It is necessary to define this relationship in order to transmit to the students the 
value of these aspects. A table with the role and behavior of the student and his/her relation 
with others students or the teacher or personal implicated in the job will be elaborated 
before the begin of the FQW. 
 
BP202.- The Definition of the moral and legal implications that entails the realization of a 
FQW, from all points of view (company, job, rights,...). Each university has its own laws and 
also must response to the legal implications the groups that it is a member (CAM, EEES…) 
are committed. The constitution and strategy of the university define the groups where each 
university is integrated. The behavior of the participant in the FQW must always be 
according to the behavior of these groups.  
 
BP203.- Define the contract templates by which the faculty and the student are committed 
on fulfilling their respective responsibilities. A template for the agreement between 
company and university must been developed in order to establish both necessities and 
objectives. The objective of this activity is define the requirements of the company where a 
student will make the FQW but without forgetting that the university’s principal aim of the 
FQW is to acquire skills and knowledge during its elaboration. It is absolutely essential to 
define which will be the aim of the work, to make a plan for the same, and a guide for the 
students that helps them to develop his/her job and to be able to know its evolution. 
 
BP204.- Facilitate the creation of a work group to develop a bigger project joining the efforts 
of several students. All activities the student will develop in his/her professional life will be 

represented in a work group. The preparation and definition of the different roles and 
activities inside the work group can help the student to know different ways to 
communicate and collaborate in order to obtain a common objective. In this step, the 
definition of these groups must be made according to the university strategy, objectives and 
its investigation lines.  
 
BP205.- The university has to establish the mechanisms to provide the student with 
methodologies, techniques, and tools, ... in order to allow them to consult, acquire and 
select the best alternative to develop his project. The personal of administration and the 
teacher must collaborate to obtain agreements with different companies through which they 
will give the university adequate information with which the students could become 
accustomed and lately use it in their professional life. The role of the teacher is to know the 
different tools and techniques that the companies use in their daily life. These agreements 
must be updated each year according a plan and it is necessary that the students know the 
rules of these plan. The information given to the student shows the tools and techniques, 
companies and projects. 
 
The approach of the third phase is focused on the elaboration of the FQW. Students and 
teachers are the principal actors. The tutor role is basic for a good performance of the 
students. Teacher will have to be centered in this role and go off some administrative labors 
like looking for the teachers that will take part as a member of the examining board. 
 
BP301.- Definition of a mechanism for assignment of a tutor without delay and take into 
consideration that project supervision is part of the educational workload, trying to avoid 
overcharged teachers. This BP is very important for the students and teachers. If the lines 
and subjects for the FQW are well defined, the assignment of a tutor for each FQW will be 
possible and easy. It is necessary that this mechanism shared out all FQW among all 
teachers of the centre. It will be necessary to establish the FQW like a subject where the 
teacher effort will be bear in mind, control, define the different activities the teacher and 
student will make and the objectives.  
 
BP302.- Definition of a “tutor schedule”, in which landmarks were defined as well as the 
activities that have to be carried out to achieve every landmark. This job will be necessary 
for the evaluation and management of the FQW when it was necessary a external tutor for 
the student. This tutor will be “the guard” and he/she will help and keep conversations and 
meetings with the student and university tutor to monitoring the FQW. So, student, internal 
tutor and company tutor are implied in this BP. They have to define different templates in 
order to monitoring the FQW. 
 
BP303.- Facilitate mechanisms that allow to use both knowledge acquired during the studies 
and new information and skills acquired during the development of the project.  
 
BP304.- Establishment of the mechanisms for continuous evaluation of every landmark, 
defining the aims to reach and the skills to develop. 
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and will instill the criteria that they will use as future professionals and, of course, will help 
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with others students or the teacher or personal implicated in the job will be elaborated 
before the begin of the FQW. 
 
BP202.- The Definition of the moral and legal implications that entails the realization of a 
FQW, from all points of view (company, job, rights,...). Each university has its own laws and 
also must response to the legal implications the groups that it is a member (CAM, EEES…) 
are committed. The constitution and strategy of the university define the groups where each 
university is integrated. The behavior of the participant in the FQW must always be 
according to the behavior of these groups.  
 
BP203.- Define the contract templates by which the faculty and the student are committed 
on fulfilling their respective responsibilities. A template for the agreement between 
company and university must been developed in order to establish both necessities and 
objectives. The objective of this activity is define the requirements of the company where a 
student will make the FQW but without forgetting that the university’s principal aim of the 
FQW is to acquire skills and knowledge during its elaboration. It is absolutely essential to 
define which will be the aim of the work, to make a plan for the same, and a guide for the 
students that helps them to develop his/her job and to be able to know its evolution. 
 
BP204.- Facilitate the creation of a work group to develop a bigger project joining the efforts 
of several students. All activities the student will develop in his/her professional life will be 

represented in a work group. The preparation and definition of the different roles and 
activities inside the work group can help the student to know different ways to 
communicate and collaborate in order to obtain a common objective. In this step, the 
definition of these groups must be made according to the university strategy, objectives and 
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BP205.- The university has to establish the mechanisms to provide the student with 
methodologies, techniques, and tools, ... in order to allow them to consult, acquire and 
select the best alternative to develop his project. The personal of administration and the 
teacher must collaborate to obtain agreements with different companies through which they 
will give the university adequate information with which the students could become 
accustomed and lately use it in their professional life. The role of the teacher is to know the 
different tools and techniques that the companies use in their daily life. These agreements 
must be updated each year according a plan and it is necessary that the students know the 
rules of these plan. The information given to the student shows the tools and techniques, 
companies and projects. 
 
The approach of the third phase is focused on the elaboration of the FQW. Students and 
teachers are the principal actors. The tutor role is basic for a good performance of the 
students. Teacher will have to be centered in this role and go off some administrative labors 
like looking for the teachers that will take part as a member of the examining board. 
 
BP301.- Definition of a mechanism for assignment of a tutor without delay and take into 
consideration that project supervision is part of the educational workload, trying to avoid 
overcharged teachers. This BP is very important for the students and teachers. If the lines 
and subjects for the FQW are well defined, the assignment of a tutor for each FQW will be 
possible and easy. It is necessary that this mechanism shared out all FQW among all 
teachers of the centre. It will be necessary to establish the FQW like a subject where the 
teacher effort will be bear in mind, control, define the different activities the teacher and 
student will make and the objectives.  
 
BP302.- Definition of a “tutor schedule”, in which landmarks were defined as well as the 
activities that have to be carried out to achieve every landmark. This job will be necessary 
for the evaluation and management of the FQW when it was necessary a external tutor for 
the student. This tutor will be “the guard” and he/she will help and keep conversations and 
meetings with the student and university tutor to monitoring the FQW. So, student, internal 
tutor and company tutor are implied in this BP. They have to define different templates in 
order to monitoring the FQW. 
 
BP303.- Facilitate mechanisms that allow to use both knowledge acquired during the studies 
and new information and skills acquired during the development of the project.  
 
BP304.- Establishment of the mechanisms for continuous evaluation of every landmark, 
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develop, which abilities is going to acquire, what responsibilities will be able to assume, 
which techniques and methods must know, what criteria will have to know to decide  
among different alternatives based on the type of project. Teachers´ role is very important 
for this activity. They will guide and train the students with the methods and techniques, 
and will instill the criteria that they will use as future professionals and, of course, will help 
them to adopt their own criteria. 
 
University must return to the society professionals and scientifics. Each university develops 
its self strategy and the activities in the second phase according to this strategic plan. If the 
BP104 is clearly defined and carefully implemented, it will be possible to decide what we 
expect from the FQW. In this step the human behavior and the relationships inside the 
university or in an enterprise are of great importance. In order to define this phase we 
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BP201.- The Definition of the human and social relationships that imply the 
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the teacher. It is necessary to define this relationship in order to transmit to the students the 
value of these aspects. A table with the role and behavior of the student and his/her relation 
with others students or the teacher or personal implicated in the job will be elaborated 
before the begin of the FQW. 
 
BP202.- The Definition of the moral and legal implications that entails the realization of a 
FQW, from all points of view (company, job, rights,...). Each university has its own laws and 
also must response to the legal implications the groups that it is a member (CAM, EEES…) 
are committed. The constitution and strategy of the university define the groups where each 
university is integrated. The behavior of the participant in the FQW must always be 
according to the behavior of these groups.  
 
BP203.- Define the contract templates by which the faculty and the student are committed 
on fulfilling their respective responsibilities. A template for the agreement between 
company and university must been developed in order to establish both necessities and 
objectives. The objective of this activity is define the requirements of the company where a 
student will make the FQW but without forgetting that the university’s principal aim of the 
FQW is to acquire skills and knowledge during its elaboration. It is absolutely essential to 
define which will be the aim of the work, to make a plan for the same, and a guide for the 
students that helps them to develop his/her job and to be able to know its evolution. 
 
BP204.- Facilitate the creation of a work group to develop a bigger project joining the efforts 
of several students. All activities the student will develop in his/her professional life will be 

represented in a work group. The preparation and definition of the different roles and 
activities inside the work group can help the student to know different ways to 
communicate and collaborate in order to obtain a common objective. In this step, the 
definition of these groups must be made according to the university strategy, objectives and 
its investigation lines.  
 
BP205.- The university has to establish the mechanisms to provide the student with 
methodologies, techniques, and tools, ... in order to allow them to consult, acquire and 
select the best alternative to develop his project. The personal of administration and the 
teacher must collaborate to obtain agreements with different companies through which they 
will give the university adequate information with which the students could become 
accustomed and lately use it in their professional life. The role of the teacher is to know the 
different tools and techniques that the companies use in their daily life. These agreements 
must be updated each year according a plan and it is necessary that the students know the 
rules of these plan. The information given to the student shows the tools and techniques, 
companies and projects. 
 
The approach of the third phase is focused on the elaboration of the FQW. Students and 
teachers are the principal actors. The tutor role is basic for a good performance of the 
students. Teacher will have to be centered in this role and go off some administrative labors 
like looking for the teachers that will take part as a member of the examining board. 
 
BP301.- Definition of a mechanism for assignment of a tutor without delay and take into 
consideration that project supervision is part of the educational workload, trying to avoid 
overcharged teachers. This BP is very important for the students and teachers. If the lines 
and subjects for the FQW are well defined, the assignment of a tutor for each FQW will be 
possible and easy. It is necessary that this mechanism shared out all FQW among all 
teachers of the centre. It will be necessary to establish the FQW like a subject where the 
teacher effort will be bear in mind, control, define the different activities the teacher and 
student will make and the objectives.  
 
BP302.- Definition of a “tutor schedule”, in which landmarks were defined as well as the 
activities that have to be carried out to achieve every landmark. This job will be necessary 
for the evaluation and management of the FQW when it was necessary a external tutor for 
the student. This tutor will be “the guard” and he/she will help and keep conversations and 
meetings with the student and university tutor to monitoring the FQW. So, student, internal 
tutor and company tutor are implied in this BP. They have to define different templates in 
order to monitoring the FQW. 
 
BP303.- Facilitate mechanisms that allow to use both knowledge acquired during the studies 
and new information and skills acquired during the development of the project.  
 
BP304.- Establishment of the mechanisms for continuous evaluation of every landmark, 
defining the aims to reach and the skills to develop. 
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for their jobs after obtaining the degree. The profile of the students and their needs of 
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of the FQW. 
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information described above and define clearly: capacities the student will have to 
develop, which abilities is going to acquire, what responsibilities will be able to assume, 
which techniques and methods must know, what criteria will have to know to decide  
among different alternatives based on the type of project. Teachers´ role is very important 
for this activity. They will guide and train the students with the methods and techniques, 
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university is integrated. The behavior of the participant in the FQW must always be 
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on fulfilling their respective responsibilities. A template for the agreement between 
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objectives. The objective of this activity is define the requirements of the company where a 
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define which will be the aim of the work, to make a plan for the same, and a guide for the 
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tutor and company tutor are implied in this BP. They have to define different templates in 
order to monitoring the FQW. 
 
BP303.- Facilitate mechanisms that allow to use both knowledge acquired during the studies 
and new information and skills acquired during the development of the project.  
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The fourth pack of BP is related to the evolution and control of the project, in order to 
identify problems in the earlier phases: 
 
BP41.- Establishment of the “matching degree” between the work done and what was 
expected to be done. It will be very useful for the students and teachers.  
 
BP42.- Definition of the ways that allow to restart abandoned projects. 
 
BP43.- Definition of mechanisms that permit the student to adequate his work to his 
personal circumstances at certain moments. 
 
BP44.- Definition of “supervision templates ” adapted to all the BP defined. 
 
BP45.- Definition of the evaluation criteria to evaluate every phase in the project 
development. 
 
BP46.- Establishment of the mechanisms to validate the FQW credits. 
 
The last pack of BP is related to the review of the FQW lifecycle itself. It is focused on the 
possibility of modification of the initial definitions, allowing to change, in a controlled way, 
some basic aspects of the project: 
 
BP51.- Definition of a mechanism to audit the process, to evaluate the degree of fulfillment 
of the objectives set at the beginning. 
 
BP52.- Determining the success based on the marks obtained by the FQW when presented.  
 
BP53.- Evaluation of the degree of fulfillment of the objectives related to the companies 
involved in the project, detecting any deviation and defining the measures that must be 
taken to correct such deviation. 
 
BP54.- Determining the possible new demands of the students and their initiatives. It will be 
necessary to adapt these initiatives to the objectives of the university and the companies.  
 
BP55.- Determining the possible new demands of the companies involved in the project. The 
students come back to the society with a worker role and can help the teacher to know new 
and different aspects for the FQW. 
 
BP56.- Try to achieve the implication of the direction teams of faculties or universities, 
during all the lifecycle, always according to the recommendations of the EHEA. 
 
It is important that all those BP were known by the entire university community, providing 
all the mechanisms to broadcast the information related to FQW and the possibility of 
reviewing of those mechanisms. 

5. Conclusion 
 

 We have defined a set of BP for the definition, execution, supervision and revision of 
the process of developing a FQW, as well as its evaluation, permitting to adequate it to 
what the society demands at every moment. 

 
 Every actor into the process has defined his/her role. And the responsibilities for the 

project are divided into all of them, knowing each one his/her own responsibilities. 
 
 FQW is seen as a learning matter supported by a group of mechanisms that help to 

reduce the index of failure and the teachers´ discouragement caused by the waste of 
time and effort. 

 
 We have new control points to measure and evaluate the effort made by students and 

teachers. 
 
 These BP can be applicable not only to computer engineering studies but to all the 

technical studies. 
 
 This study can be considered as a first step in the definition of FQW as a subject in the 

curricula of European universities. 
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1. Introduction 
 

Final Year Projects (FYP) are, apart from a necessary step to obtain the degree in engineering 
studies, a hard work to do, not only for students but also for teachers. And usually, this 
work exceeds the temporary assignation of credits established in the curriculum for it. 
 
In this chapter we want to stress the importance that for us, as university teachers, has the 
fact that, for the first time, some empirical measures have been elicited about a work that 
never before has been valued. We want also to share the study we have realized, based on 
our experience as university teachers and supervisors of numerous Final Year Projects at the 
Polytechnic University of Madrid, over data obtained during twelve of the last years. 
 
This study is centred in Final Year Projects developed at University School of Computing 
(Polytechnic University of Madrid). FYPs are an important part of the 3-year degree studies 
in Computer Science. In fact, FYP is considered a special 10-credit subject that students must 
pass in order to obtain the degree.  
 
A FYP is special because there are no classes, teachers only supervise the work of the 
students and there aren´t clear deadlines. A student, according with his or her supervisor, 
presents a blueprint describing the project he or she wants to make, blueprint that must be 
approved by a commission. This blueprint will be the “contract” between the faculty and the 
student. Once the blueprint is approved by the commission, the student has a period of 18 
months to complete the project and present it to a new commission that will judge the work 
done and qualify it. The only limitation is a period of 18 months to present the project after 
the blueprint has been approved. 
 
As you can see later in the study, this limitation seems to disappear because there are 
projects that last more than 18 months. The reason is that most of teachers don´t permit the 
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student to present the blueprint until an important part of the work has been done and the 
rest will be completed for sure in a period of time not excessively long. The main reason for 
that is that after a blueprint is approved, the FYP proposed is “a property” of the student 
and it can´t be done by any other student. Experience has shown us that an important 
percentage of students don´t finalize their FYPs and, even worst, teachers can´t propose the 
project to other student after the 18-month period (once the blueprint has been approved) 
has expired. In computer science it is enough time to make the project uninteresting and 
valueless. So, there is a “time of uncertainty”, that lasts from the beginning, when the 
student starts working on the project, to the day he or she presents the blueprint, when it is 
not possible to assure whether the project will be completed or not (case in which the work 
done is lost). 
 
The other limitation is about the impossibility of presenting the FYP before passing all the 
subjects in the curriculum. It is permitted to start making the FYP and present the blueprint 
without having passed some not compulsory subjects, but not present the FYP itself. 
Actually this is not a limitation because they usually don´t start making the project after 
having passed all the subjects. 
 
It is not easy to make a FYP at our faculty, in fact it is a matter of will: there are no clear 
deadlines nor classes, the teacher is not on the student requiring him or she new parts to 
correct. A considerable number of students that have passed all the subjects never present 
their FYP. In this context, and through this paper, we try to clarify and quantify some 
aspects about the supervision of FYP at our faculty, hoping these results were able to be 
extrapolated to other faculties.  
 
Supervising FYP is a work not usually recognized, mainly because the only one that knows 
about it is the teacher himself, and it is a hard work that sometimes is useless and sometimes 
not worthy enough to justify the hours spent doing it. Evidently, we, as teachers, have the 
obligation to do it as part of the curriculum of our degrees. 

 
2. The empirical study 
 

This study is based on information collected about 99 FYP from the end of 1995 to the end of 
2007. This information is referred to only one of the authors but we think it can be 
extrapolated to other teachers, at least at our faculty and perhaps at others. Moreover, we 
have added data about the time spent in commissions for judging FYP presentations where 
the student has been supervised by one of the authors of this paper. 
 
It is important to stress that we are not quantifying the student´s work but teacher´s work. It 
is clear that every hour of supervision supposes many more hours of work for the student. 
 
Another thing to take into account is that, until now, all of our students, as soon as they pass 
the subjects, find a job immediately. Even, companies offer to students of 3rd year the 
possibility of working while ending their studies. It makes difficult the control and 
supervision of the student´s work on the project and, of course, “weakens” their will to 
finish the project and cause a usual lack of continuity in their work: it is very hard to work 

 

and dedicate his spare time to make the project. It is also useless to form groups of several 
students working on different parts of a big project by the same reason. 
 
The study has two parts: commissions and supervision. Commissions is referred to the time 
dedicated to commissions that judge a FYP: time for reading the documentation presented 
by the student and time spent on the presentation itself. Supervision is referred to the time 
spent supervising the making of the project, preparing the presentation of it and 
participating in the commission that judges the project supervised. 
 
In any case, the data on which is based the study are: number of meetings, the meeting date, 
and time dedicated to it by the teacher. The different kind of meetings are: commissions, 
preparation of a presentation, meetings at the office with the student and time dedicated to 
read and correct documentation generated by the student. 
 
The total number of meetings during this period of twelve years is 1200, and the time spent 
on them is 772 hours. We want to point out that we have considered 10 months of 
supervision for every year. In the following points we explain these data in detail. 

 
2.1 Commissions 
We have included the time dedicated to “external commissions” in the study, but they 
suppose a less important part of the work done. Table 3 shows the data related to this work. 
As it has been stated before, external commissions are those in which the teacher takes part 
without having directed the project, i.e. when he or she is a member of the commission that 
judges the work done by a student that have been supervised by other teacher. 
 

Commissions Meetings Hours Av Hours/commiss. 

56 83 72.8 0.9 

Table 1. Commissions 
 
As Table 1 shows, there have been 56 commissions and have been spent 72.8 hours on them, 
but we consider this effort is not as important related to the time spent supervising FYPs, as 
it can be seen later. The number of meetings is greater than the number of commissions 
because for some of them there have been a time to read the documentation presented to the 
commission. 

 
2.2 Supervision 
Supervision supposes the main workload for teachers related to FYPs. Supervising a FYP 
means to dedicate a lot of time to meetings with students and to read the documentation 
they write and that, finally and conveniently formatted according the rules established at 
our faculty for it, will constitute the final document that will show the work done by the 
student and the basis for the qualification. For this study, projects are divided into two 
groups: those which have been finished and those that not. Table 2 shows the data obtained 
in the study: 
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project to other student after the 18-month period (once the blueprint has been approved) 
has expired. In computer science it is enough time to make the project uninteresting and 
valueless. So, there is a “time of uncertainty”, that lasts from the beginning, when the 
student starts working on the project, to the day he or she presents the blueprint, when it is 
not possible to assure whether the project will be completed or not (case in which the work 
done is lost). 
 
The other limitation is about the impossibility of presenting the FYP before passing all the 
subjects in the curriculum. It is permitted to start making the FYP and present the blueprint 
without having passed some not compulsory subjects, but not present the FYP itself. 
Actually this is not a limitation because they usually don´t start making the project after 
having passed all the subjects. 
 
It is not easy to make a FYP at our faculty, in fact it is a matter of will: there are no clear 
deadlines nor classes, the teacher is not on the student requiring him or she new parts to 
correct. A considerable number of students that have passed all the subjects never present 
their FYP. In this context, and through this paper, we try to clarify and quantify some 
aspects about the supervision of FYP at our faculty, hoping these results were able to be 
extrapolated to other faculties.  
 
Supervising FYP is a work not usually recognized, mainly because the only one that knows 
about it is the teacher himself, and it is a hard work that sometimes is useless and sometimes 
not worthy enough to justify the hours spent doing it. Evidently, we, as teachers, have the 
obligation to do it as part of the curriculum of our degrees. 

 
2. The empirical study 
 

This study is based on information collected about 99 FYP from the end of 1995 to the end of 
2007. This information is referred to only one of the authors but we think it can be 
extrapolated to other teachers, at least at our faculty and perhaps at others. Moreover, we 
have added data about the time spent in commissions for judging FYP presentations where 
the student has been supervised by one of the authors of this paper. 
 
It is important to stress that we are not quantifying the student´s work but teacher´s work. It 
is clear that every hour of supervision supposes many more hours of work for the student. 
 
Another thing to take into account is that, until now, all of our students, as soon as they pass 
the subjects, find a job immediately. Even, companies offer to students of 3rd year the 
possibility of working while ending their studies. It makes difficult the control and 
supervision of the student´s work on the project and, of course, “weakens” their will to 
finish the project and cause a usual lack of continuity in their work: it is very hard to work 

 

and dedicate his spare time to make the project. It is also useless to form groups of several 
students working on different parts of a big project by the same reason. 
 
The study has two parts: commissions and supervision. Commissions is referred to the time 
dedicated to commissions that judge a FYP: time for reading the documentation presented 
by the student and time spent on the presentation itself. Supervision is referred to the time 
spent supervising the making of the project, preparing the presentation of it and 
participating in the commission that judges the project supervised. 
 
In any case, the data on which is based the study are: number of meetings, the meeting date, 
and time dedicated to it by the teacher. The different kind of meetings are: commissions, 
preparation of a presentation, meetings at the office with the student and time dedicated to 
read and correct documentation generated by the student. 
 
The total number of meetings during this period of twelve years is 1200, and the time spent 
on them is 772 hours. We want to point out that we have considered 10 months of 
supervision for every year. In the following points we explain these data in detail. 

 
2.1 Commissions 
We have included the time dedicated to “external commissions” in the study, but they 
suppose a less important part of the work done. Table 3 shows the data related to this work. 
As it has been stated before, external commissions are those in which the teacher takes part 
without having directed the project, i.e. when he or she is a member of the commission that 
judges the work done by a student that have been supervised by other teacher. 
 

Commissions Meetings Hours Av Hours/commiss. 

56 83 72.8 0.9 

Table 1. Commissions 
 
As Table 1 shows, there have been 56 commissions and have been spent 72.8 hours on them, 
but we consider this effort is not as important related to the time spent supervising FYPs, as 
it can be seen later. The number of meetings is greater than the number of commissions 
because for some of them there have been a time to read the documentation presented to the 
commission. 

 
2.2 Supervision 
Supervision supposes the main workload for teachers related to FYPs. Supervising a FYP 
means to dedicate a lot of time to meetings with students and to read the documentation 
they write and that, finally and conveniently formatted according the rules established at 
our faculty for it, will constitute the final document that will show the work done by the 
student and the basis for the qualification. For this study, projects are divided into two 
groups: those which have been finished and those that not. Table 2 shows the data obtained 
in the study: 
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Mnths Proj. Finish. Not 
finish. 

Meet. Hrs Av 
hrs/mth 

Av 
mt/mth 

Av 
pr/mth 

120 99 63 36 1117 699.2 5.8 9.3 0.83 
Table 2. Supervision 
 
where 

- Mnths are the total months of the study 
- Proj is the total number of projects started during the period of the study 
- Finish is the total number of projects finished 
- Not finish is the total number of projects not finished 
- Meet is the total number of meetings 
- Hrs is the total number of hours dedicated to the different meetings 
- Av hrs/mth is the average number of hours per month 
- Av mt/mth is the average number of meetings per month 
- Av pr/mth is the average number of projects presented per month 

 
It is important to notice that only 63.6% of the started projects have concluded. More than a 
third of them have not produced any result, and logically they are considered a loss of time 
and effort, both for students and teachers, usually without the possibility of obtaining some 
profit of the little work done. 
 
In the following points we show the analysis of the two different groups of projects. 

 
2.2.1 Not finished 
In this group are included those projects definitely abandoned and those that are still active 
but not finished (these are a reduced number of them). Table 3 shows the set of data related 
to this category: 
 

Projects Meetings Hours % hrs Av meet Av hrs/proj 

36 172 84.8 12.1 4.8 2.4 

Table 3. Projects not finished 
 
where  

- % hrs represents the percentage of hours devoted to this group of projects 
relative to the total number of hours 

- Av meet is the average number or meetings dedicated to these projects 
- Av hrs/proj  is the average number of hours dedicated to a project of this type 

 
Evidently, the time dedicated to these projects is less than that dedicated to those finished, 
and so is the number of meetings. These projects are abandoned after an average of 4.8 
meetings. 
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Fig. 1. Diagram Meeting/Project (not finished) 
 
Fig. 1 shows the number of meetings per project before abandoning them. Notice that a big 
number of projects are abandoned after the first meeting, and only a few after more than 
ten. Probably it is because students, after passing the subjects, have the interest and will to 
finish the project, but as soon as they find a job (that usually is immediately after passing the 
subjects) they are incapable of dedicating the necessary time and effort to make the project. 
Moreover, they don´t sign a contract with us by which they commit to deliver every week 
some documentation or partial achievements. We tell them what to do and, normally, the 
way of doing it, but we usually don´t have enough authority for establishing deadlines. 
 
There are some students that consider a goal in itself to find a teacher who directed their 
projects, considering that the work to do is easier because the teacher will solve their 
problems, without taking into account that one thing is helping to solve problems and 
another totally different is to make the project. 

 
2.2.2 Finished 
This group supposes the main effort for teachers but, at least, it is not a loss of time: students 
get their degree and teachers conclude a work that lasts several months. Table 4 shows the 
data elicited for this category. Headings mean the same as in table 3. 
 

Projects Meetings Hours % hrs Av meet Av hrs/proj 

63 945 614.3 87.9 15 9.8 

Table 4. Finished Projects 
 
Clearly, it can be seen that in every concept, this group of projects require more effort but it 
is a profitable work. 
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Fig. 2. Diagram Meeting/Project (finished) 
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Fig. 2. Diagram Meeting/Project (finished) 



New	Achievements	in	Technology,	Education	and	Development228

 

Mnths Proj. Finish. Not 
finish. 

Meet. Hrs Av 
hrs/mth 

Av 
mt/mth 

Av 
pr/mth 

120 99 63 36 1117 699.2 5.8 9.3 0.83 
Table 2. Supervision 
 
where 

- Mnths are the total months of the study 
- Proj is the total number of projects started during the period of the study 
- Finish is the total number of projects finished 
- Not finish is the total number of projects not finished 
- Meet is the total number of meetings 
- Hrs is the total number of hours dedicated to the different meetings 
- Av hrs/mth is the average number of hours per month 
- Av mt/mth is the average number of meetings per month 
- Av pr/mth is the average number of projects presented per month 

 
It is important to notice that only 63.6% of the started projects have concluded. More than a 
third of them have not produced any result, and logically they are considered a loss of time 
and effort, both for students and teachers, usually without the possibility of obtaining some 
profit of the little work done. 
 
In the following points we show the analysis of the two different groups of projects. 

 
2.2.1 Not finished 
In this group are included those projects definitely abandoned and those that are still active 
but not finished (these are a reduced number of them). Table 3 shows the set of data related 
to this category: 
 

Projects Meetings Hours % hrs Av meet Av hrs/proj 

36 172 84.8 12.1 4.8 2.4 

Table 3. Projects not finished 
 
where  

- % hrs represents the percentage of hours devoted to this group of projects 
relative to the total number of hours 

- Av meet is the average number or meetings dedicated to these projects 
- Av hrs/proj  is the average number of hours dedicated to a project of this type 

 
Evidently, the time dedicated to these projects is less than that dedicated to those finished, 
and so is the number of meetings. These projects are abandoned after an average of 4.8 
meetings. 
 

 

0
5

10
15

1 2 3 4 5 6 7 8 9 14 16 20 22N
. P

ro
je

ct
s

Meetings
 

Fig. 1. Diagram Meeting/Project (not finished) 
 
Fig. 1 shows the number of meetings per project before abandoning them. Notice that a big 
number of projects are abandoned after the first meeting, and only a few after more than 
ten. Probably it is because students, after passing the subjects, have the interest and will to 
finish the project, but as soon as they find a job (that usually is immediately after passing the 
subjects) they are incapable of dedicating the necessary time and effort to make the project. 
Moreover, they don´t sign a contract with us by which they commit to deliver every week 
some documentation or partial achievements. We tell them what to do and, normally, the 
way of doing it, but we usually don´t have enough authority for establishing deadlines. 
 
There are some students that consider a goal in itself to find a teacher who directed their 
projects, considering that the work to do is easier because the teacher will solve their 
problems, without taking into account that one thing is helping to solve problems and 
another totally different is to make the project. 

 
2.2.2 Finished 
This group supposes the main effort for teachers but, at least, it is not a loss of time: students 
get their degree and teachers conclude a work that lasts several months. Table 4 shows the 
data elicited for this category. Headings mean the same as in table 3. 
 

Projects Meetings Hours % hrs Av meet Av hrs/proj 

63 945 614.3 87.9 15 9.8 

Table 4. Finished Projects 
 
Clearly, it can be seen that in every concept, this group of projects require more effort but it 
is a profitable work. 
 

0

5

10

15

3 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 24 27 30 31 33N
. P

ro
je

ct
s

Meetings
 

Fig. 2. Diagram Meeting/Project (finished) 
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Fig. 2. Diagram Meeting/Project (finished) 
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There have been a few projects that have needed more than 20 meetings, and only 2 that 
have needed less than 7, but the average is 15 meetings per project. 
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Fig. 3. Hours/Project 
 
Concerning the hours per project, as shown in Fig. 3, the average is 9.8 hours per project. It 
is not usual to dedicate less than five hours nor more than sixteen. When a project needs less 
than 5 hours of dedication it is because the student needs the degree to continue studying a 
superior degree and is concerned very much. In these cases, they make the project in three 
months, from June to September, immediately after passing the subjects and before the new 
course begins. If a project needs more than 16 hours it is due to a lack of continuity on the 
work or because the student has been trying different approximations to the project before 
choosing the definitive one. 
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Fig. 4. Months/Project 
 
In Fig. 4 it can be seen that the number of months needed to make a project varies a lot. 
There are projects that need only a few months and other that last several years. In any case, 
it is difficult to foresee the lasting of a project and it is clear that there is a lack of control by 
the teacher over the student´s work and a total dependence on the student´s will. 

 

 

3. FYP and the EHEA 
 

European Community has established the European High Education Area (EHEA) as the 
new frame for university studies. But ¿how do this environment will affect the FYP 
realization? ¿Bologna´s proposal will make things easier? It is very difficult to say now, but 
there are some aspects that permit to hope it was that way: a different way of teaching, more 
control over the student, less students by class, … although it will introduce another factor: 
it will be easier for a student to go to a different university for making the project. In any 
case, it is the moment to think about all the problems related to FYPs and try to solve them. 

 
4. Conclusion  
 

Supervising FYP is usually a hard work for teachers as well as making a FYP is a very hard 
work for students. Apart from that, we can state some interesting conclusions after the study 
that are commented in the next paragraphs. 
 
Making a project, definitely, is a matter of will for the student. It causes big differences in 
the time needed to finish a project, depending on the student: his concern, whether he has a 
job or not, his personal life... 
 
Consequence of the idea exposed above, there is a lack of control over student´s work and 
the impossibility of establishing an adequate rate of work from the beginning to the end of 
the project, that it would be something fundamental to reduce the time necessary to finish it. 
 
A high percentage of projects are abandoned, causing the teachers an important loss in time 
and effort. 
 
Another consequence of the lack of control and excessive time required to finish a project is 
the difficulty, or even impossibility, to use the results in other teacher´s work: papers, thesis, 
other projects... So, it is not easy to take advantage of a project although it had been finished. 
 
Is there any solution to these problems? We think it on must be based on taking control over 
the student´s work and forcing him to deliver partial results every period of time 
established according both the teacher and the student. But, is it possible? It could be two 
ways of facilitating this: 
 

- Take advantage of the work done by the student at the company if he or she 
has a job, being controlled by both the teacher and a responsible person at the 
company. This solution implies setting up agreements between faculty 
departments and companies, where the responsibilities for everyone were 
clear and the work the student do in the company were adapted to the FYP 
format. 

 
- Establish dynamic work groups, working in laboratories of the faculty 

departments on projects of interest for the department itself. This would imply 
the collaboration among teachers of the department. 
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There have been a few projects that have needed more than 20 meetings, and only 2 that 
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Concerning the hours per project, as shown in Fig. 3, the average is 9.8 hours per project. It 
is not usual to dedicate less than five hours nor more than sixteen. When a project needs less 
than 5 hours of dedication it is because the student needs the degree to continue studying a 
superior degree and is concerned very much. In these cases, they make the project in three 
months, from June to September, immediately after passing the subjects and before the new 
course begins. If a project needs more than 16 hours it is due to a lack of continuity on the 
work or because the student has been trying different approximations to the project before 
choosing the definitive one. 
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Fig. 4. Months/Project 
 
In Fig. 4 it can be seen that the number of months needed to make a project varies a lot. 
There are projects that need only a few months and other that last several years. In any case, 
it is difficult to foresee the lasting of a project and it is clear that there is a lack of control by 
the teacher over the student´s work and a total dependence on the student´s will. 

 

 

3. FYP and the EHEA 
 

European Community has established the European High Education Area (EHEA) as the 
new frame for university studies. But ¿how do this environment will affect the FYP 
realization? ¿Bologna´s proposal will make things easier? It is very difficult to say now, but 
there are some aspects that permit to hope it was that way: a different way of teaching, more 
control over the student, less students by class, … although it will introduce another factor: 
it will be easier for a student to go to a different university for making the project. In any 
case, it is the moment to think about all the problems related to FYPs and try to solve them. 

 
4. Conclusion  
 

Supervising FYP is usually a hard work for teachers as well as making a FYP is a very hard 
work for students. Apart from that, we can state some interesting conclusions after the study 
that are commented in the next paragraphs. 
 
Making a project, definitely, is a matter of will for the student. It causes big differences in 
the time needed to finish a project, depending on the student: his concern, whether he has a 
job or not, his personal life... 
 
Consequence of the idea exposed above, there is a lack of control over student´s work and 
the impossibility of establishing an adequate rate of work from the beginning to the end of 
the project, that it would be something fundamental to reduce the time necessary to finish it. 
 
A high percentage of projects are abandoned, causing the teachers an important loss in time 
and effort. 
 
Another consequence of the lack of control and excessive time required to finish a project is 
the difficulty, or even impossibility, to use the results in other teacher´s work: papers, thesis, 
other projects... So, it is not easy to take advantage of a project although it had been finished. 
 
Is there any solution to these problems? We think it on must be based on taking control over 
the student´s work and forcing him to deliver partial results every period of time 
established according both the teacher and the student. But, is it possible? It could be two 
ways of facilitating this: 
 

- Take advantage of the work done by the student at the company if he or she 
has a job, being controlled by both the teacher and a responsible person at the 
company. This solution implies setting up agreements between faculty 
departments and companies, where the responsibilities for everyone were 
clear and the work the student do in the company were adapted to the FYP 
format. 

 
- Establish dynamic work groups, working in laboratories of the faculty 

departments on projects of interest for the department itself. This would imply 
the collaboration among teachers of the department. 
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Maybe we should think on accepting the experience (if demonstrated) acquired by the 
student while working in a company as a substitute of the FYP. In this case, certain rules 
must be set to establish a clear correspondence between a way or another of making the 
project. 
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1. Introduction  
 

The integration of people with disabilities into work and social environments is one of the 
principle issues in the EU strategy lines, clearly focused into the Seventh Research Frame 
Program (FP7). Particularly, it is necessary to pay special attention to the integration 
problem of people with intellectual disabilities. In order to face the problems that people 
with disabilities find in their integration into work environments in actual competitive 
market, one of the key issues is the implementation of solutions offered by new technologies 
by using what experts call “Support Technologies”. The development of Intelligent Tutoring 
Systems (ITS) based on mobile platforms offers new perspectives for better integration of 
people with disabilities. 
The integration into social and work environments of people with disabilities is a fact 
nowadays. Tutoring systems are intended for helping this community in their life (Gonzalez 
et al., 1991). These tools are very helpful; although at the moment do not completely meet 
their needs. This work presents a robust and intelligent tutoring system that will cover 
several new aspects, coping with more complex tasks, but doing it in a flexible and useful 
way. One of the main objectives of this work is incrementing the user autonomy, both in 
social and work environments. Due to the fact that it there exist many different cases among 
people with disabilities, we will incorporate an intelligent structure that may achieve an 
appropriate tutoring system configuration for each case. This implies a personal study and a 
related profile to each person, made by human tutors or relatives. All these items lead to 
design a system with a configuration profile easily accessible to the user. 
This work is included in a new research project focused on the study and control of human 
factors. Besides, a big effort is made in new research subjects for attending and tutoring 
people with disabilities. The design of devices for solving the daily problems of these 
persons is one of the first objectives of this work. Moreover, it is trying to invest in 
economical supports, grants and human efforts in order to increase their quality of life. 
Nowadays, it is necessary to solve in an appropriate way the current problems in the 
integration of people with disabilities into work and social environments that daily are 
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increasing. Furthermore, it has to consider that the rules in the industry environments are 
harder everyday, and there exist bigger difficulties for the people integration. These 
difficulties can be overcome, only if new technologies and multimodal performances are 
developed. These strategies make up the Support Technologies where new ideas are 
appearing. 
The development of these technologies has been improved due to the permanent study in 
human factor organization and control. In this field, the personal security and health, the 
prediction and control of risk situations, as well as the emerging risk surveillance compose 
the most important subjects. Moreover, it is necessary to obtain suitable responses of the 
designed systems, in order to reach an appropriated interaction in the handling process of 
devices that will be to advantage of the users. The results of these studies will produce an 
application set which has to be used everyday, mainly by people with special disabilities in 
their work and social environments. 
 

 
Fig. 1. Emotional control, system for controlling, managing and human factor integration in 
a technological application 
 
The developed application will include intelligent tools for processing the needed 
information for creating individual tutoring systems. These intelligent tutors take into 
consideration the wide diversity related to people with disabilities, as well as the kind of 
task to carry out and each mobile platform where tutors will be loaded. Moreover, the 
system has to include a new module to analyse comparative user emotions measures, in 
order to prevent blockage situations. In figure 1, a simple schema shows the different tools 
used into the application to generate an intelligent tutor. 
At the moment, all the developed studies have been carried out by a multidisciplinary 
research group in which researchers from different groups converge on, with special 
attention to the Computational Intelligence Group. These studies have caused several works 
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with social environment companies devote to the industrial integration of people with 
disabilities, for instance ATZEGI, GUREAK and TASUBINSA. Besides, many prototypes 
have been made in different economical supported projects, and new ideas have been 
grown up in Intelligent Tutoring Systems and Human Emotional Matching (García et al., 
2006; Cearreta et al., 2007; López de Ipiña et al., 2005; Barroso et al., 2007-a; Barroso et al., 
2007-b). 

 
2. Intelligent Tutoring System 
 

The Intelligent Tutoring Systems (ITS) adjustment into mobile platforms achieve a 
appropriate response to one of the principal problems of people with disabilities, their 
integration into social and work environments (Yazdani, 1987; Sung, 1999). These devices 
are designed in order to reach the user adaptation and to obtain an interaction that 
compensates the personal disabilities, for increasing the performances, individual 
autonomy, work capability, personal security and a healthy environment in work places 
(Gunderson, 1994; Myers, 1995; Candela et al., 1997). 
 

 
Fig. 2. Transition from a Human Tutor to an Intelligent Tutor based on Mobile Platforms 
 
Therefore, one of the main objectives of this work is to allow the user autonomy, both in 
social and work environments. We will incorporate an intelligent structure that may achieve 
an appropriate tutoring system configuration for each case of people with disabilities. This 
implies a personal study and a related profile to each person, made by human tutors or 
relatives. All these items lead to design a system with a configuration profile easily 
accessible to the user. 
In this paper, a task handler functionality included in the tutoring system will be presented. 
This tutoring system achieves the performances of human tutors, giving a further step than 
those classical tutoring systems which perform organizational tasks (García et al., 2006 ; 
López de Ipiña et al., 2005; Wenger, 1987; Yazdani, 1987). The task handler contains three 
basic modules: operation module, human factor prediction module and ergonomics module. 
Having an appropriate design of the structure and architecture of this task handler, it will be 
very easy to operate by the users (tutors and relatives), doing it easily configurable by 
characteristics of the operational tasks and the variability of the disabilities. 
In this sense, an automaton-based mechanism has been performed to adapt technologically 
the large variability of the possibilities existing in the interaction between people with 
disabilities and the task that has been made autonomously. This mechanism is designed in a 
generalized way for providing some characteristics as portability for people with different 
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López de Ipiña et al., 2005; Wenger, 1987; Yazdani, 1987). The task handler contains three 
basic modules: operation module, human factor prediction module and ergonomics module. 
Having an appropriate design of the structure and architecture of this task handler, it will be 
very easy to operate by the users (tutors and relatives), doing it easily configurable by 
characteristics of the operational tasks and the variability of the disabilities. 
In this sense, an automaton-based mechanism has been performed to adapt technologically 
the large variability of the possibilities existing in the interaction between people with 
disabilities and the task that has been made autonomously. This mechanism is designed in a 
generalized way for providing some characteristics as portability for people with different 
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increasing. Furthermore, it has to consider that the rules in the industry environments are 
harder everyday, and there exist bigger difficulties for the people integration. These 
difficulties can be overcome, only if new technologies and multimodal performances are 
developed. These strategies make up the Support Technologies where new ideas are 
appearing. 
The development of these technologies has been improved due to the permanent study in 
human factor organization and control. In this field, the personal security and health, the 
prediction and control of risk situations, as well as the emerging risk surveillance compose 
the most important subjects. Moreover, it is necessary to obtain suitable responses of the 
designed systems, in order to reach an appropriated interaction in the handling process of 
devices that will be to advantage of the users. The results of these studies will produce an 
application set which has to be used everyday, mainly by people with special disabilities in 
their work and social environments. 
 

 
Fig. 1. Emotional control, system for controlling, managing and human factor integration in 
a technological application 
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with social environment companies devote to the industrial integration of people with 
disabilities, for instance ATZEGI, GUREAK and TASUBINSA. Besides, many prototypes 
have been made in different economical supported projects, and new ideas have been 
grown up in Intelligent Tutoring Systems and Human Emotional Matching (García et al., 
2006; Cearreta et al., 2007; López de Ipiña et al., 2005; Barroso et al., 2007-a; Barroso et al., 
2007-b). 

 
2. Intelligent Tutoring System 
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(Gunderson, 1994; Myers, 1995; Candela et al., 1997). 
 

 
Fig. 2. Transition from a Human Tutor to an Intelligent Tutor based on Mobile Platforms 
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disabilities, as well as solutions for another communities, p. e. elder people. It will be 
basically designed in two modules, one for including the people profile with disabilities, 
and another one for describing the task which will be performed. 
The Intelligent Tutoring System is designed to have the possibility of integrating in several 
mobile platforms where each personal interaction can be customized based on the personal 
disability. In this way, it is possible to configure different devices that are involved with 
different interfaces, for instance keyboards, touch screens, audio devices, and any 
combination of them. Furthermore, some devices for working in outside environments will 
be designed (Gauvain et al., 2000). 
Moreover, an emotional module to increase the reliability and tutor scope will be included. 
The emotional module will analyze several non intrusive biomedical signals, for instance: 
heart rhythm, skin perspiration and relative movements. This module will identify the 
emotional changes of those persons that are being tutored. By means of this identification, 
the critical blockade states will be detected. In this way, it will be possible to perform direct 
interventions for solving these eventualities. 
For testing the emotional module, a new experiment set is being performed. This is being 
made with a standard biometric testing system that obtains several biological signals. The 
experiment set consists of several changing environmental situations and the research of 
those tested signals through intelligent machine learning techniques. 

 
3. Task Management System 
 

 Intelligent Tutoring Systems apply Artificial Intelligent techniques and methodology to the 
development of computer based learning systems in order to construct adaptive systems 
(Wenger, 1987). An ITS focuses education as a process of cooperation between tutor and 
student in which the tutor tries to teach concepts to the student. In general, the process is 
guided by the tutor, who must analyse the behaviour, the knowledge and the satisfaction of 
the student. The tutor has to determine and apply the more appropriate teaching strategies 
at every moment (Case et al., 2001; Nowak, 1999). These strategies must answer a series of 
questions to ensure that the learning process is carried out successfully (Chia-Fen, 1999). 
These questions are:  what to explain, what detail level is necessary, when and how to 
interrupt the student and how to detect and to correct errors. The four basic components 
that classically are identified in a ITS are: Domain Module, Pedagogic Module, Student 
Model and Dialogue Module(Wenger, 1987; Yazdani, 1987).  
Linguist engineering and intelligent tools have to be included in these systems in order to 
increase the reliability when are used for tutoring people with disabilities, especially with 
cognitive disabilities. Due to the integration and adaptation of these devices is necessary to 
made bigger efforts in finding out solutions. In the development of appropriate tools, the 
ergonomic directives as well as the specific necessities of these persons are fundamental. For 
instance, people with cognitive disabilities as Down Syndrome have physical and 
psychological common characteristics that has to be considered: heavy and fine mobility 
altered, smaller capacity to stay out, difficulty to anticipate or to understand consequences 
of their conduct, better visual perception and retention than auditory, longer response time, 
difficulty in understanding a number of instructions given in sequential form. 
One of the main objectives of this work is the development of an ITS integrated on wireless 
portable devices (PDA, mobile phone,…). The mobile tutoring system will help in the tasks 

 

people with any kind of disability perform when working and living in several 
environments. Based on the characteristics of the people who will use these devices, it is 
absolutely necessary to design an interface (Edwards, 1995; Schneider-Hufschmidt et al., 
1993) that shows the following features: friendly, comfortable, flexible and ergonomically 
adapted to their characteristics. As first objective of this project is to provide to these users 
with a cognitive tool that contributes to the improvement of their autonomy, quality of life 
as well as help in the prevention of accidents in the workplace. Another objective tries to 
integrate into the portable device a task management. Intelligent technologies based on 
fuzzy systems will be used to improve this management. The next figure shows the different 
parts of the task management. 
 

 
Fig. 3. Task Management System and its modules 
 
It was necessary to design a Task Management System because of the broad variability in 
people with disabilities for doing diversified tasks. Classical tools provide tutoring systems 
where the whole task to perform is charged, giving a fixed task profile in order to attend to 
the people who will use it. In this work it will be created a system for obtaining the 
configuration possibility, additionally to the handling of any possible case in separate 
profiles due to the variability. The Task Management System is composed by three modules 
where the information is divided in: 

a) The tasks to carry out: Taking account the work features, the specified disabilities 
of people whose will perform, the subtask divisions, etc. 

b) Ergonomic characteristics: Defining more specifically those characteristics that can 
be used for increasing the reliability of the jobs perform by the people with 
particular disabilities. It is relevant to introduce information about the interaction 
of that people with the different devices of Intelligent Tutoring. 

c) Personal information of users: In order to know how workers can manage in 
different environments it is necessary to introduce the personal profile of them. In 
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disabilities, as well as solutions for another communities, p. e. elder people. It will be 
basically designed in two modules, one for including the people profile with disabilities, 
and another one for describing the task which will be performed. 
The Intelligent Tutoring System is designed to have the possibility of integrating in several 
mobile platforms where each personal interaction can be customized based on the personal 
disability. In this way, it is possible to configure different devices that are involved with 
different interfaces, for instance keyboards, touch screens, audio devices, and any 
combination of them. Furthermore, some devices for working in outside environments will 
be designed (Gauvain et al., 2000). 
Moreover, an emotional module to increase the reliability and tutor scope will be included. 
The emotional module will analyze several non intrusive biomedical signals, for instance: 
heart rhythm, skin perspiration and relative movements. This module will identify the 
emotional changes of those persons that are being tutored. By means of this identification, 
the critical blockade states will be detected. In this way, it will be possible to perform direct 
interventions for solving these eventualities. 
For testing the emotional module, a new experiment set is being performed. This is being 
made with a standard biometric testing system that obtains several biological signals. The 
experiment set consists of several changing environmental situations and the research of 
those tested signals through intelligent machine learning techniques. 
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the student. The tutor has to determine and apply the more appropriate teaching strategies 
at every moment (Case et al., 2001; Nowak, 1999). These strategies must answer a series of 
questions to ensure that the learning process is carried out successfully (Chia-Fen, 1999). 
These questions are:  what to explain, what detail level is necessary, when and how to 
interrupt the student and how to detect and to correct errors. The four basic components 
that classically are identified in a ITS are: Domain Module, Pedagogic Module, Student 
Model and Dialogue Module(Wenger, 1987; Yazdani, 1987).  
Linguist engineering and intelligent tools have to be included in these systems in order to 
increase the reliability when are used for tutoring people with disabilities, especially with 
cognitive disabilities. Due to the integration and adaptation of these devices is necessary to 
made bigger efforts in finding out solutions. In the development of appropriate tools, the 
ergonomic directives as well as the specific necessities of these persons are fundamental. For 
instance, people with cognitive disabilities as Down Syndrome have physical and 
psychological common characteristics that has to be considered: heavy and fine mobility 
altered, smaller capacity to stay out, difficulty to anticipate or to understand consequences 
of their conduct, better visual perception and retention than auditory, longer response time, 
difficulty in understanding a number of instructions given in sequential form. 
One of the main objectives of this work is the development of an ITS integrated on wireless 
portable devices (PDA, mobile phone,…). The mobile tutoring system will help in the tasks 

 

people with any kind of disability perform when working and living in several 
environments. Based on the characteristics of the people who will use these devices, it is 
absolutely necessary to design an interface (Edwards, 1995; Schneider-Hufschmidt et al., 
1993) that shows the following features: friendly, comfortable, flexible and ergonomically 
adapted to their characteristics. As first objective of this project is to provide to these users 
with a cognitive tool that contributes to the improvement of their autonomy, quality of life 
as well as help in the prevention of accidents in the workplace. Another objective tries to 
integrate into the portable device a task management. Intelligent technologies based on 
fuzzy systems will be used to improve this management. The next figure shows the different 
parts of the task management. 
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disabilities, as well as solutions for another communities, p. e. elder people. It will be 
basically designed in two modules, one for including the people profile with disabilities, 
and another one for describing the task which will be performed. 
The Intelligent Tutoring System is designed to have the possibility of integrating in several 
mobile platforms where each personal interaction can be customized based on the personal 
disability. In this way, it is possible to configure different devices that are involved with 
different interfaces, for instance keyboards, touch screens, audio devices, and any 
combination of them. Furthermore, some devices for working in outside environments will 
be designed (Gauvain et al., 2000). 
Moreover, an emotional module to increase the reliability and tutor scope will be included. 
The emotional module will analyze several non intrusive biomedical signals, for instance: 
heart rhythm, skin perspiration and relative movements. This module will identify the 
emotional changes of those persons that are being tutored. By means of this identification, 
the critical blockade states will be detected. In this way, it will be possible to perform direct 
interventions for solving these eventualities. 
For testing the emotional module, a new experiment set is being performed. This is being 
made with a standard biometric testing system that obtains several biological signals. The 
experiment set consists of several changing environmental situations and the research of 
those tested signals through intelligent machine learning techniques. 

 
3. Task Management System 
 

 Intelligent Tutoring Systems apply Artificial Intelligent techniques and methodology to the 
development of computer based learning systems in order to construct adaptive systems 
(Wenger, 1987). An ITS focuses education as a process of cooperation between tutor and 
student in which the tutor tries to teach concepts to the student. In general, the process is 
guided by the tutor, who must analyse the behaviour, the knowledge and the satisfaction of 
the student. The tutor has to determine and apply the more appropriate teaching strategies 
at every moment (Case et al., 2001; Nowak, 1999). These strategies must answer a series of 
questions to ensure that the learning process is carried out successfully (Chia-Fen, 1999). 
These questions are:  what to explain, what detail level is necessary, when and how to 
interrupt the student and how to detect and to correct errors. The four basic components 
that classically are identified in a ITS are: Domain Module, Pedagogic Module, Student 
Model and Dialogue Module(Wenger, 1987; Yazdani, 1987).  
Linguist engineering and intelligent tools have to be included in these systems in order to 
increase the reliability when are used for tutoring people with disabilities, especially with 
cognitive disabilities. Due to the integration and adaptation of these devices is necessary to 
made bigger efforts in finding out solutions. In the development of appropriate tools, the 
ergonomic directives as well as the specific necessities of these persons are fundamental. For 
instance, people with cognitive disabilities as Down Syndrome have physical and 
psychological common characteristics that has to be considered: heavy and fine mobility 
altered, smaller capacity to stay out, difficulty to anticipate or to understand consequences 
of their conduct, better visual perception and retention than auditory, longer response time, 
difficulty in understanding a number of instructions given in sequential form. 
One of the main objectives of this work is the development of an ITS integrated on wireless 
portable devices (PDA, mobile phone,…). The mobile tutoring system will help in the tasks 

 

people with any kind of disability perform when working and living in several 
environments. Based on the characteristics of the people who will use these devices, it is 
absolutely necessary to design an interface (Edwards, 1995; Schneider-Hufschmidt et al., 
1993) that shows the following features: friendly, comfortable, flexible and ergonomically 
adapted to their characteristics. As first objective of this project is to provide to these users 
with a cognitive tool that contributes to the improvement of their autonomy, quality of life 
as well as help in the prevention of accidents in the workplace. Another objective tries to 
integrate into the portable device a task management. Intelligent technologies based on 
fuzzy systems will be used to improve this management. The next figure shows the different 
parts of the task management. 
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be used for increasing the reliability of the jobs perform by the people with 
particular disabilities. It is relevant to introduce information about the interaction 
of that people with the different devices of Intelligent Tutoring. 

c) Personal information of users: In order to know how workers can manage in 
different environments it is necessary to introduce the personal profile of them. In 
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disabilities, as well as solutions for another communities, p. e. elder people. It will be 
basically designed in two modules, one for including the people profile with disabilities, 
and another one for describing the task which will be performed. 
The Intelligent Tutoring System is designed to have the possibility of integrating in several 
mobile platforms where each personal interaction can be customized based on the personal 
disability. In this way, it is possible to configure different devices that are involved with 
different interfaces, for instance keyboards, touch screens, audio devices, and any 
combination of them. Furthermore, some devices for working in outside environments will 
be designed (Gauvain et al., 2000). 
Moreover, an emotional module to increase the reliability and tutor scope will be included. 
The emotional module will analyze several non intrusive biomedical signals, for instance: 
heart rhythm, skin perspiration and relative movements. This module will identify the 
emotional changes of those persons that are being tutored. By means of this identification, 
the critical blockade states will be detected. In this way, it will be possible to perform direct 
interventions for solving these eventualities. 
For testing the emotional module, a new experiment set is being performed. This is being 
made with a standard biometric testing system that obtains several biological signals. The 
experiment set consists of several changing environmental situations and the research of 
those tested signals through intelligent machine learning techniques. 
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 Intelligent Tutoring Systems apply Artificial Intelligent techniques and methodology to the 
development of computer based learning systems in order to construct adaptive systems 
(Wenger, 1987). An ITS focuses education as a process of cooperation between tutor and 
student in which the tutor tries to teach concepts to the student. In general, the process is 
guided by the tutor, who must analyse the behaviour, the knowledge and the satisfaction of 
the student. The tutor has to determine and apply the more appropriate teaching strategies 
at every moment (Case et al., 2001; Nowak, 1999). These strategies must answer a series of 
questions to ensure that the learning process is carried out successfully (Chia-Fen, 1999). 
These questions are:  what to explain, what detail level is necessary, when and how to 
interrupt the student and how to detect and to correct errors. The four basic components 
that classically are identified in a ITS are: Domain Module, Pedagogic Module, Student 
Model and Dialogue Module(Wenger, 1987; Yazdani, 1987).  
Linguist engineering and intelligent tools have to be included in these systems in order to 
increase the reliability when are used for tutoring people with disabilities, especially with 
cognitive disabilities. Due to the integration and adaptation of these devices is necessary to 
made bigger efforts in finding out solutions. In the development of appropriate tools, the 
ergonomic directives as well as the specific necessities of these persons are fundamental. For 
instance, people with cognitive disabilities as Down Syndrome have physical and 
psychological common characteristics that has to be considered: heavy and fine mobility 
altered, smaller capacity to stay out, difficulty to anticipate or to understand consequences 
of their conduct, better visual perception and retention than auditory, longer response time, 
difficulty in understanding a number of instructions given in sequential form. 
One of the main objectives of this work is the development of an ITS integrated on wireless 
portable devices (PDA, mobile phone,…). The mobile tutoring system will help in the tasks 

 

people with any kind of disability perform when working and living in several 
environments. Based on the characteristics of the people who will use these devices, it is 
absolutely necessary to design an interface (Edwards, 1995; Schneider-Hufschmidt et al., 
1993) that shows the following features: friendly, comfortable, flexible and ergonomically 
adapted to their characteristics. As first objective of this project is to provide to these users 
with a cognitive tool that contributes to the improvement of their autonomy, quality of life 
as well as help in the prevention of accidents in the workplace. Another objective tries to 
integrate into the portable device a task management. Intelligent technologies based on 
fuzzy systems will be used to improve this management. The next figure shows the different 
parts of the task management. 
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this way, it is possible to prevent accidents and emotional blocks for avoiding 
personal and physical damage. This information must be at all times for helping 
and attending to these people with disabilities in the integration into social and 
work environment, not to control them each moment. 

This information will be organized in several open databases which can be updated at any 
time by tutors and relatives. These databases will be in a server where the access will be able 
to connect from remote stations for performing each device configuration. Besides, the 
particular profile configuration will be load into the intelligent tutoring devices of any user. 
Moreover, the Task Management System has been designed to allow a comfortable and 
simple configuration, giving to the users an easy way to build the profile that will de load 
into the Intelligent Tutor. In this sense, the Task Management System has inside an 
automaton-based mechanism supporting several functions. First, the automaton handles the 
communication with tutors and relatives in order to allow better understanding of its 
functionality. Also, it organizes in a correct way the information supplied by the users. 
Finally, it generates the characteristics map of all Intelligent Tutoring configurable devices 
which will be activated. 
First data set to introduce into the database will be obtained by a previous study about the 
real situation of people with disabilities at different work environments. That information 
will be noted by human tutors and relatives in observing how the attended people develop 
in different jobs and with several mobile platforms. This study will be carried out in several 
workshops of some social organizations, respecting all familiar and personnel privacy 
rights, considering ethical questions, as well as observing the law under these 
circumstances. 
In this way, the performance of these workers would be enhanced and also their integration 
process to the work and daily life. In addition, we plan to register the designed system like a 
health product through a clinical research plan according to the current legislation. 

 
4. Automaton-based Mechanism 
 

In order to achieve an appropriate organization of the Task Management System databases, 
it has been designed an automaton-based mechanism where are included the personal 
characteristics of the people with disabilities, and the features of the workshops and tasks to 
carry out. Taking into account that this kind of information covers a large variability of cases 
changing frequently and it is necessary the adaptation to the new technologies, the solution 
implemented allows adding new information to the databases at any time. This strategy 
achieves intelligent tutor with better assistances. 
The automaton-based mechanism is composed by a program that consists of two generic 
ordered lists: One representing the people with disabilities; another one the existing mobile 
platforms. In figure 4 it is shown the structure where the list are implemented as vectors. 
Due to the variability of disabilities, in the devices list the user mobile platforms will appear 
referring their resolution screen, but on the other hand the interface and designed figures 
have to be particularly designed. Meanwhile the people list contains their personal 
information, as well as the personal involved tasks. 
 

 

 
Fig. 4. List organization 
 

 
Fig. 5. List representing people with disabilities 
 
The database structure is composed by several states. These states have items as images, 
videos, texts, etc., configuring the skeleton task. There exist two kinds of states: 

a) Simple state: With a single feasible task, but not abstract description. 
b) Complex state: With a complex task that has to be defined into the automaton-

based mechanism. In order to adapt the feature of the task to one person, it will be 
necessary to define several particular items. 

 

 
Fig. 6. States structure 
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this way, it is possible to prevent accidents and emotional blocks for avoiding 
personal and physical damage. This information must be at all times for helping 
and attending to these people with disabilities in the integration into social and 
work environment, not to control them each moment. 

This information will be organized in several open databases which can be updated at any 
time by tutors and relatives. These databases will be in a server where the access will be able 
to connect from remote stations for performing each device configuration. Besides, the 
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rights, considering ethical questions, as well as observing the law under these 
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process to the work and daily life. In addition, we plan to register the designed system like a 
health product through a clinical research plan according to the current legislation. 
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this way, it is possible to prevent accidents and emotional blocks for avoiding 
personal and physical damage. This information must be at all times for helping 
and attending to these people with disabilities in the integration into social and 
work environment, not to control them each moment. 

This information will be organized in several open databases which can be updated at any 
time by tutors and relatives. These databases will be in a server where the access will be able 
to connect from remote stations for performing each device configuration. Besides, the 
particular profile configuration will be load into the intelligent tutoring devices of any user. 
Moreover, the Task Management System has been designed to allow a comfortable and 
simple configuration, giving to the users an easy way to build the profile that will de load 
into the Intelligent Tutor. In this sense, the Task Management System has inside an 
automaton-based mechanism supporting several functions. First, the automaton handles the 
communication with tutors and relatives in order to allow better understanding of its 
functionality. Also, it organizes in a correct way the information supplied by the users. 
Finally, it generates the characteristics map of all Intelligent Tutoring configurable devices 
which will be activated. 
First data set to introduce into the database will be obtained by a previous study about the 
real situation of people with disabilities at different work environments. That information 
will be noted by human tutors and relatives in observing how the attended people develop 
in different jobs and with several mobile platforms. This study will be carried out in several 
workshops of some social organizations, respecting all familiar and personnel privacy 
rights, considering ethical questions, as well as observing the law under these 
circumstances. 
In this way, the performance of these workers would be enhanced and also their integration 
process to the work and daily life. In addition, we plan to register the designed system like a 
health product through a clinical research plan according to the current legislation. 
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For states interconnection different associated transitions have been created. Each transition 
has a condition for relocating from one state to another. At first, the number of transitions is 
unknown. Because of that, new transitions will be created by the users, tutor and relatives. 

 
 

 
 

Fig. 7. Graphical representation of States and Transitions 
 
The program has to be easy to use, reliable, usefulness, agreeable, with a clear interface for 
people with low informatics knowledge that will use it. JAVA language is high time 
consuming in programming. Due to that two different interfaces have been created for 
trying to adapt in a correct way the program for users. 
 

 

 

 

 
Fig. 8. Interfaces for configuring the Task Management System 

 
5. Human Emotions Module 
 

Human emotions appear as response to this changing and partially unpredictable world 
where any intelligent system (natural or artificial) needs the emotions for surviving due to 
limited abilities and multiple causes (Cañamero, 2005; Taylor & Fragopanagos, 2005-a; 
Sander et al., 2005). Emotions are composed by similar components to the cultural, 
subjective, physiologic, and behaviour components that express the personal perception 
with respect to the mental and body status, and the way for interacting with the 
environment (Cowie et al., 2005). 
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Emotions describe clearly the whole universe, far from constituting a big obstacle for 
understanding. Emotions are mechanisms that allow a description of the universe to the 
mind when there is not a symbolic representation. An artificial emotional system that 
generate and process different emotions based on physiological reactions and predictable 
experiences (emotional memory, social emotion) can improve automatic systems where is 
included if interact with the environment. 
One of the first objectives of this work is to develop of a convenient measure system for 
identifying non visible human emotions, by mean of human behaviour emulation based on 
an automatic emotional learning. Emotion per se, it is an interdisciplinary topic which can 
be studied in Philosophy, Neuroscience, Computational Intelligence, Machine Learning, and 
Robotics fields (Taylor et al., 2005-b; Fragopanagos & Taylor, 2005). At the same time the 
crucial question of data and possible databases to be used in emotion research has to be 
addressed. 
The form and range of modern databases of subjects are in a variety of emotional states, 
with speech, facial changes and possible body gestures and most of them are based on 
perceivable emotions with physiological signs. It is necessary the creation of artificial 
recognition systems of emotional states, either guided by the brain architecture thought to 
support emotions or by using more machine-based learning approaches. 
‘Emotion-based’ robots are often designed taking inspiration from theories of human 
emotions, and in some cases, in close collaboration between engineers and theorists—
usually psychologists, less frequently neuroscientists. Autonomous robots constitute 
excellent tools not only to test theories, but also to investigate problems that would be 
difficult to study in humans, due for example to ethical implications, the difficulty of 
isolating the relevant elements, or the repetitious nature of the task. In this respect, artefacts 
can serve as ‘virtual laboratories’ for the study of emotions (Cañamero, 2005). 
In the research community grow two different aspects based on these hypothesis: modelling 
of psychologically perceptible emotions, and modelling non perceptible ones. Thereof 
different frameworks appear to classify human emotions. Silvan Tomkins proposed in 1962 
that there exist nine basic affective states (two are positive, one is neutral and six are 
negative), each indicated by a specific configuration of facial features. But when a person 
camouflages emotions due to cultural learning (socialized emotions), a perceptible 
physiologic response is not produced and the classical emotion measure system cannot be 
used. 
In this work a different measuring system will be developed which incorporates both 
individual artificial emotional patterns (emotional data base of human emotional patterns) 
and emotional memories (data bases of human experiences). In these patterns the 
individuality of the people like the cultural components is due to consider as much. The 
devices intended for the data capture of emotional states information will measure hearth 
rhythm, body temperature, movements, facial expressions and blood pressure. The new 
human emotions model will rest on emotional human patterns, databases of human 
emotions memories, and databases of human emotions experiences. Therefore, the system of 
measurement in this case will be equipped: 

a) Of artificial emotional patterns of individuals. 
b) Of emotional memories and will base its answer to measure the emotion in an 

automatic learning based on the human brain. 
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The developed system in this work will contain several technical innovations and 
contributions with respect to the classical architectures used nowadays. The classical 
emotion measure systems are principally based on information coming from gestures, 
speech, or vocabulary by a direct measurement (Chen et al., 2001; De Jong et al., 2000; Foote, 
1999; Witbrock & Hauptmann, 1997). The new measure system proposed in this work is 
building by a hybrid structure where next components are integrated: 

a) A Machine learning module, trained by knowledge previously acquired about 
human emotional answer. The module management sub-modules based on Neural 
Networks, Genetic Algorithms, Decision Trees, and Hidden Markov Models. 

b) Simple perception information by non-intrusive sensors.  
c) Emotional Predictive Control, by simulating brain performance. 
d) Emotional knowledge based system. Three databases which store, organize and 

index knowledge about:  
1.  Human emotional experiences. 
2.  Human emotional patterns. 
3.  Emotional memories.  

e) Evolved System. On-line information obtained from the measurement platform 
will be used to update and to evolve the system. 

 

 
Fig. 9. Classical and Hybrid System for Human Emotions Measure 
 
Another objective in this work is to develop a device for predicting the transition between 
two human emotional states in order to generate the corresponding action. In this sense, the 
Model Predictive Control strategies will be studied for applying the fundamentals 
(Camacho & Bordons, 2000). Besides, the Artificial Neural Networks will be used for 

 

implementing the model structure where the human emotions and emotional state changes 
will be modelled. 

 
6. Testing and Validation 
 

After several previous tested works, new experiments have been made in order to have a 
more extensive study in the present work. To this end, it has been necessary to take into 
account recent studies about technological solutions for configuring of Intelligent Tutor 
(García et al., 2006 ; López de Ipiña et al., 2005), and studies about human emotional rules 
through emotion measure and mapping based on new methodologies (Cearreta et al., 2007; 
Barroso et al., 2007-a; Barroso et al., 2007-b). 
From now on, the new experiments will be made in two different fields. First tests will be 
prepared in a sensing laboratory where there are different devices devoted to capture 
biological signals, for instance heart rhythm, breathing rate, skin perspiration, and relative 
movement. A specific human pattern set is being selected in order to configure a broad 
sample. An exhaustive database is designed for the tests, so that using controlled film pieces 
obtain several emotional responses from the human set. All the devices in the laboratory 
have been tested previously for achieving reliable and truthful data. 
Furthermore, in order to provide information to the Task Management System, some daily 
behavioural parameters of a people with disabilities group will be recorded. This will be 
always made under supervision of human tutors in the job social centres where these people 
are working. In this sense, several meetings have been carried out with dedicated centres as 
GUREAK, ATZEGI Y TASUBINSA which agree with configuring the behavioural analysis 
in order to improve, as possible, the integration of these people into work environments 
(Chia-Fen, 1999; Zajicek, 2004). 

 
7. Conclusions 
 

In order to face the problems that people with disabilities find in their occupational 
integration in a very competitive market, one of the keys are the solutions that new 
technologies offer through what is called “Support Technologies”. Nowadays the specific 
devices and products offering are reduced, especially in fields as cognitive disabilities 
attending. New devices designing can offer a better autonomy and integration for these 
people in work environments as service sector. 
The development of intelligent tutors based on mobile platforms offers new perspectives in 
the integration of the disabled people collectives. These kinds of tutors are user adapted and 
compensate user abilities, improving the personal performance, the training and the safety 
and health at workplace. 
The goal of this project is to deal in depth with the investigation and the development of 
workplace oriented “intelligent and robust interaction systems for disabled people”. The 
main investigation fields to be faced are oriented to develop a workplace task manager, task 
that will be integrated in a mobile platform (smart phone, PDA). This manager will allow 
non-technical support personal (tutors, family, psychologist...) to configure and plan 
complex tasks easily. The system, intuitive and friendly in use, will have at users disposal 
multimodal resources (images, voice, texts) and human emotions and ergonomics 
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(hardware & software) managers, that will help this group of workers to overcome some of 
the complex and usual barriers they find at work, as the emergency or blocking situations. 

The designed Intelligent Tutoring System will have to cover several features: 
a) To allow tutoring the whole task of people with disabilities, giving more autonomy 

in work environments.  
b) To have a multimodal Task Management System for data integration from different 

sources (speech, images, videos, and text) associated with each personalized 
profile. 

c) Integrated in a mobile platform, p. e. a mobile telephone or PDA. 
d) To contain a multimedia interface which it has to be friendly, reliable, flexible, and 

ergonomically adapted. 
e) To integrate a human emotional predictive management in order to prevent risk, 

emergency and block situations that can cause damage to these people, interfering 
with their integration into work and social environments. 

f) To be fully configurable by people without technological knowledge in order to 
enable an easy and flexible access. 

g) To show the capability of exporting the system to another collectives, for instance 
elder people. 

The project origin lays in a need of GUREAK ARABA S.L. (GRUPO GUREAK) an employer 
company for people with disabilities. It was performed to improve the integration of these 
people into work environments, and to extend it to social environments and another 
collectives. 
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1. Introduction 
 

Nowadays, our educational institutions are frustratingly outmoded in terms of teaching 
students. The entire process of giving lectures, taking notes, reading facts from books, and 
taking final exams is a throwback to institutions of learning dating back to the Renaissance. 
Remarkably, very little has changed today: with notable exceptions, the vast majority of 
university professors continue to bore students with ineffective, non-interactive approaches 
to education that result in little more than the professor's notes becoming the students' notes 
without passing through the minds of either. True learning is experiential. Humans learn 
best by doing, not by reading or listening to lectures. The more senses are involved (sound, 
sight, touch, emotions, etc.), the more powerful the learning experience. That's why today's 
best teachers are those pioneering individuals who take the effort to engage their students in 
meaningful activities that reach students at multiple levels. 
In this sense, augmented reality appears as an emerging technology that promises to make 
"educational immersion" available to practically everyone. Augmented Reality (AR) is a 
technology that permits to overlay computer graphics onto the real world. Unlike 
immersive Virtual Reality, AR interfaces allow users to see the real world at the same time 
as virtual imagery attached to real locations and objects. In an AR interface, the user views 
the world through a handheld or head mounted display (HMD) that is either see-through or 
overlays graphics on video of the surrounding environment. AR interfaces enhance the real 
world experience, unlike other computer interfaces that draw users away from the real 
world and onto the screen. 
Through the use of advanced technology an empty space is turned into a very rich 
educational experience. AR interface is a visualization technology that can take advantage of 
the limitations offered by other visual means of communication for learning. Traditional 
methods of learning spatially-related content by viewing 2D diagrams create a sort of 
cognitive filter. This filter exists even when working with 3D objects on a computer screen 
because the manipulation of the objects in space is made through mouse clicks. 
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2. Augmented Reality 
 

Augmented Reality (AR) is a recent technology that is similar to the Virtual reality (VR) 
paradigm. As is the case for virtual reality, several formal definitions and classifications for 
augmented reality exist (Milgram & Kishino, 1994). Some define AR as a special case of VR; 
others argue that AR is a more general concept and see VR as a special case of AR. AR 
combines 3-dimensional (3D) computer-generated objects and text superimposed onto real 
images and video all in real time. An interesting definition of AR has been described by 
Azuma (Azuma, 1997), as a variation of Virtual Reality. VR technology completely immerses 
a user inside a synthetic environment. While immersed, the user cannot see the surrounding 
real world. In contrast, AR allows the user to see the real world, with virtual objects 
superimposed upon or composited with the real world. Therefore, AR supplements reality, 
rather than completely replacing it. With AR applications it is possible to show to the user a 
common space where virtual and real object coexists in a seamless way. From a 
technological point of view AR applications must fulfil the following three requirements 
(Azuma, 1995): Combination of real and virtual worlds, real time interaction and accurate 
3D registration of virtual and real objects. 
 
Augmented reality applications can be used under several setups including monitor based 
systems, see-through and video-see-through head mounted displays (HMD) and projection 
based spatial augmented reality.  
 
AR is a technique fields that have found applications in several areas like surgery 
(Shuhaiber, 2004), production and maintenance (Caudell & Mizell, 1992), edutainment 
(Beckhaus et al, 2003) and collaborative design (Navab, 2004). 

 
2.1 Augmented reality and education 
Since 1990 several VR systems dedicated for educational use have been described (Bell & 
Fogler, 1995), (Byrme, 1996), (Loftin qt al, 1993), (Winn, 1997). A good summary of 
educational applications can be found in (Mantovani, 2001).  
 
ScienceSpace (Dede, 1996) is a collection of immersive virtual worlds for investigating 
kinematics, electrostatics and molecular structures respectively. 
 
For Biology teaching the Project NICE NICE (Narrative-based, Immersive, Collaborative 
Environment) (Rousos et al, 1997) used a CAVE immersive system in which children can 
plant flowers, move clouds to water them or move the sun to make them grow master. 
 
In the area of mathematics education CyberMath (Taxén & Naeve, 2001) presents an avatar-
based shared virtual environment for improving mathematics education. 
 
Virtual Reality Roving Vehicles (Rose, 1995) is designed as an outreach VR to children in 
schools.  In (Rose & Billinghurst, 1995) they describe a 3D world for learning Japanese.  
 
Finally, one of the most interesting project in our opinion is Construct3D that describes an 
AR system for geometry education (Kaufmann & Schmalstieg, 2003). From a technical point 

 

of view, the system is based on the Studierstube (Schmalstieg, 2002) system that presents 
several capabilities for AR collaborative interaction. 

 
3. The Hum-AR library 
 

The Hum-AR (HuAR) is a C and C++ language software library that lets programmers 
easily develop Augmented Reality applications. Augmented Reality (AR) is the overlay of 
virtual computer graphics images on the real world, and has many potential applications in 
industrial and academic research. 

 
3.1 Introduction 
Hum-AR uses computer vision techniques to calculate the real camera viewpoint relative to 
a real world marker. This method can be divided in four parts: 
 

1. Camera calibration. 
2. Marker detection. 
3. Calculation of marker position and orientation (pose estimation). 
4. Augmentation of virtual object. 

 
Hum-AR supports two different types of markers: 

 Template-based markers  
 ID-based markers 4x4 code words. 
 For a brief description of different markers types at the augmented reality 

environments, see (Fiala, 2004). 
 

        
Fig. 1. Example of different types of markers supported by our library. Left: Template-based 
markers. Right: ID-based markers. 

 
3.2 Camera Calibration 
The first step for calculating the real camera viewpoint relative to a real world marker is a 
camera calibration for determining the camera’s intrinsic parameters (camera’s centre, focal 
length and distortion parameters). 
 
For this purpose it is only necessary different captures of planar checkerboard patterns. For 
calibration step the library implements the Zhang´s method (Zhang, 2000). The input of this 
algorithm is the  correspondence between 2D image points and 3D scene points over a 
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3.2 Camera Calibration 
The first step for calculating the real camera viewpoint relative to a real world marker is a 
camera calibration for determining the camera’s intrinsic parameters (camera’s centre, focal 
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For this purpose it is only necessary different captures of planar checkerboard patterns. For 
calibration step the library implements the Zhang´s method (Zhang, 2000). The input of this 
algorithm is the  correspondence between 2D image points and 3D scene points over a 
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2. Augmented Reality 
 

Augmented Reality (AR) is a recent technology that is similar to the Virtual reality (VR) 
paradigm. As is the case for virtual reality, several formal definitions and classifications for 
augmented reality exist (Milgram & Kishino, 1994). Some define AR as a special case of VR; 
others argue that AR is a more general concept and see VR as a special case of AR. AR 
combines 3-dimensional (3D) computer-generated objects and text superimposed onto real 
images and video all in real time. An interesting definition of AR has been described by 
Azuma (Azuma, 1997), as a variation of Virtual Reality. VR technology completely immerses 
a user inside a synthetic environment. While immersed, the user cannot see the surrounding 
real world. In contrast, AR allows the user to see the real world, with virtual objects 
superimposed upon or composited with the real world. Therefore, AR supplements reality, 
rather than completely replacing it. With AR applications it is possible to show to the user a 
common space where virtual and real object coexists in a seamless way. From a 
technological point of view AR applications must fulfil the following three requirements 
(Azuma, 1995): Combination of real and virtual worlds, real time interaction and accurate 
3D registration of virtual and real objects. 
 
Augmented reality applications can be used under several setups including monitor based 
systems, see-through and video-see-through head mounted displays (HMD) and projection 
based spatial augmented reality.  
 
AR is a technique fields that have found applications in several areas like surgery 
(Shuhaiber, 2004), production and maintenance (Caudell & Mizell, 1992), edutainment 
(Beckhaus et al, 2003) and collaborative design (Navab, 2004). 

 
2.1 Augmented reality and education 
Since 1990 several VR systems dedicated for educational use have been described (Bell & 
Fogler, 1995), (Byrme, 1996), (Loftin qt al, 1993), (Winn, 1997). A good summary of 
educational applications can be found in (Mantovani, 2001).  
 
ScienceSpace (Dede, 1996) is a collection of immersive virtual worlds for investigating 
kinematics, electrostatics and molecular structures respectively. 
 
For Biology teaching the Project NICE NICE (Narrative-based, Immersive, Collaborative 
Environment) (Rousos et al, 1997) used a CAVE immersive system in which children can 
plant flowers, move clouds to water them or move the sun to make them grow master. 
 
In the area of mathematics education CyberMath (Taxén & Naeve, 2001) presents an avatar-
based shared virtual environment for improving mathematics education. 
 
Virtual Reality Roving Vehicles (Rose, 1995) is designed as an outreach VR to children in 
schools.  In (Rose & Billinghurst, 1995) they describe a 3D world for learning Japanese.  
 
Finally, one of the most interesting project in our opinion is Construct3D that describes an 
AR system for geometry education (Kaufmann & Schmalstieg, 2003). From a technical point 

 

of view, the system is based on the Studierstube (Schmalstieg, 2002) system that presents 
several capabilities for AR collaborative interaction. 
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number of images and outputs the intrinsic camera matrix as well as the radial distortion 
coefficients  and  the scene points of the correspondence have to be in the same plane and to 
obtain a good result, this plane should be different for every calibration image. 

 
3.3 Markers Detection 
For marker detection is necessary to binarize the grab camera frame. It can be made in 
different ways: 
 
 1) Using a fixed threshold. 
 2) Using an adaptive threshold. 
 
Using a fixed threshold is recommended under ideal circumstances, where the lighting and 
camera parameters are constant, the technique perform adequately for most tasks. But at the 
most cases the lighting conditions are different in each frame. In this case can using a 
method for automatic threshold value. The method used is based on Pintaric´s technique 
(Pintaric, 2003).  Basically this algorithm operates on a per-marker basis and evaluates the 
mean pixel luminance over a thresholding region-of-interest. For a more detailed 
description see (More, 1978). 
 
The next step is a marker contour detection. So the connected components must be 
extracted. Later the perimeter of each contiguous region of black pixels is traced to produce 
a chain representing an object border. A set of line segments are then fit to these points, so 
that all border pixels are within some minimum distance of a line segment. If the resulting 
polygon is sufficiently large and has exactly four sides, it is considered a candidate marker 
and passed on to the identification process. For stability reasons is necessary to refine the 
four landmarks localizations. This method iterates to find the sub-pixel accurate location of 

a corner, or “radial saddle point”. It is based on the observation that any vector from q  to 
p  is orthogonal to the image gradient. The core idea of this method is based on the 

observation that every vector from the center q to a point p located within a neighborhood 
of q is orthogonal to the image gradient at p subject to image and measurement noise.  
 
Following the pattern is normalized, it means, that we make perspective transformation of a 
square landmarks to unit square landmarks. The perspective transformation is applied to 
square ROI (See Figure 2) and the interior of the marker is extracted. At the next step is 
necessary to identify the interior of pattern. We use a different approach for a marker type. 
If use an ID-based marker, it must be designed in such a way that can be easily detected and 
be unique enough to be easily identified from others markers. Each marker must also 
provide some kind of hexadecimal code. This hexadecimal code fixed the marker 
orientation. 

 

 
Fig. 2. Example of pattern normalization. 
 
At Template-based markers a candidate image is compared to the known images in each of 
the four possible orientations. A variety of methods are possible for comparing images. The 
mean squared error (MSE) is a common measure of image similarity, particularly when 
measuring image degradation. For an MSE measure, small values indicate similarity. This 
approach is not luminance invariant, however. A better approach is the normalized 
correlation coefficient; at this approach the mean and standard deviations for the image and 
pattern are computed.  
If the coefficient for one image is maximal for the image set and exceeds a fixed threshold 
(0.5), the image is accepted. This approach has got several disadvantages over the ID-based 
markers, the main is inter-marker confusion (false-positives and positives-false). 

 
3.4 Markers Pose Estimation 
HuAR use the Levenberg-Marquardt (Azuma, 1995) algorithm for pose estimation. The 
Levenberg-Marquardt algorithm (or LMA) provides a numerical solution to the problem of 
minimizing a function, generally nonlinear, over a space of parameters of the function. 
These minimization problems arise especially in least squares curve fitting and nonlinear 
programming. 

 
3.5 Technical advantages of Hum-AR 
HuAR presents several advantages over other AR libraries like for example ARToolkit. 
Among other it can be cited: 
 
1. Different marker types (ARTollkit markers and ID-based markers). 
2. Variable border width can be changed to use more area of the marker for pattern 

instead of the black border. This increases detection of very small markers. ID-
based markers only support two types of border size (simple or double).  In 
Template-based markers the border can have any size. 

3. Variable pattern size at the Template-based markers, (e.g : 16x16, 32x32, 64x64,…) 
4. Adaptive threshold for avoid illumination variations at the scene. 
5. Oclussion of black border at the Template-based markers (Figure 3 (a)). 
6. Graphical interface for camera calibration and pattern creation. 
7. Less jitter than ARToolkit. 
8. Support to infrared marker detection (Figure 3 (b)). 
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Fig. 3. (a) Left: Example of oclussion. (b) Right: ID-based markers with retro-reflective paper 
for supported infrared marker detection 

 
4. Applications of Hum-AR 
All three applications described below are developed over Brainstorm eStudio, an 
advanced, multiplatform real time 3D graphics presentation tool. In order to include 
augmented reality functionality in Brainstorm eStudio, a plugin has been developed in C++. 
This plugin incorporates detection and tracking options from our OTR library. 

 
4.1 “Magic window” skeleton 
This application simulates a system where a user can see his/her own skeleton through a 
“magic window”. This system uses as main interface a handled palette, which is made with 
lightweight cardboard. This palette has two little parts at the bottom in order to stay 
perpendicular to the floor by itself. Moreover, two marks have been printed over it, one on 
each side. 
First, the system has to be calibrated in order to know user height, and thus assign the 
correct height to the skeleton model on display. So, the user must put the first mark at his 
feet, and then a green rectangle appears over it. At that moment, someone else should press 
"c" key, which begins the calibration process, the screen shows the word "Calibrating" 
blinking for five seconds, and then the system register user’s feet position. After this step, 

 

the screen shows the user a message urging him to put the palette on his head, thus the 
system registers his head position, and so gets his height. 
Once the system is calibrated, someone else picks up the palette and flips it in order to move 
it in front of the user’s body. Thus the palette becomes on a “magic window” which allows 
the user see his own skeleton, as it’s shown in the figure. 
This first application’s version forces the user to keep still when someone is moving the 
“magic window” in front of him. Later versions will allow some kind of movement. 
 

 

 
Fig. 4. The magic skeleton application 

 
4.2 Water cycle “magic cube” 
This application shows the water cycle on a very simple way, from the clouds to the sea.  
In this case, a “magic cube” has been used in order to guide the user by the different phases 
that water crosses. 
Four of the six “magic cube” practicable faces have been used in this application, placing a 
small mark on a quadrant of every used face. The “magic cube” can be seen in the figure, 
and it can observe the small mark size. 
The user just has to show the cube to the camera, observe the screen and interact as the 
system orders him. So, the first thing to do is to show the system the init mark. After that, a 
virtual object appears over the cube, it represents a small island with a little mountain. At 
the same time a boiling water sound can be heard and a kind of smoke (water vapour) starts 
to go out of the sea. Gradually a cloud is formed over the sea until the boiling water sound 
ceases and the water vapour stops to escape from the sea. Then, the system shows two red 
arrows indicating the user how he has to open the “magic cube” out to pass to the next 
water cycle stage. 
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This plugin incorporates detection and tracking options from our OTR library. 

 
4.1 “Magic window” skeleton 
This application simulates a system where a user can see his/her own skeleton through a 
“magic window”. This system uses as main interface a handled palette, which is made with 
lightweight cardboard. This palette has two little parts at the bottom in order to stay 
perpendicular to the floor by itself. Moreover, two marks have been printed over it, one on 
each side. 
First, the system has to be calibrated in order to know user height, and thus assign the 
correct height to the skeleton model on display. So, the user must put the first mark at his 
feet, and then a green rectangle appears over it. At that moment, someone else should press 
"c" key, which begins the calibration process, the screen shows the word "Calibrating" 
blinking for five seconds, and then the system register user’s feet position. After this step, 

 

the screen shows the user a message urging him to put the palette on his head, thus the 
system registers his head position, and so gets his height. 
Once the system is calibrated, someone else picks up the palette and flips it in order to move 
it in front of the user’s body. Thus the palette becomes on a “magic window” which allows 
the user see his own skeleton, as it’s shown in the figure. 
This first application’s version forces the user to keep still when someone is moving the 
“magic window” in front of him. Later versions will allow some kind of movement. 
 

 

 
Fig. 4. The magic skeleton application 

 
4.2 Water cycle “magic cube” 
This application shows the water cycle on a very simple way, from the clouds to the sea.  
In this case, a “magic cube” has been used in order to guide the user by the different phases 
that water crosses. 
Four of the six “magic cube” practicable faces have been used in this application, placing a 
small mark on a quadrant of every used face. The “magic cube” can be seen in the figure, 
and it can observe the small mark size. 
The user just has to show the cube to the camera, observe the screen and interact as the 
system orders him. So, the first thing to do is to show the system the init mark. After that, a 
virtual object appears over the cube, it represents a small island with a little mountain. At 
the same time a boiling water sound can be heard and a kind of smoke (water vapour) starts 
to go out of the sea. Gradually a cloud is formed over the sea until the boiling water sound 
ceases and the water vapour stops to escape from the sea. Then, the system shows two red 
arrows indicating the user how he has to open the “magic cube” out to pass to the next 
water cycle stage. 
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Next, the system shows a new scene, where the user hears a blowing air sound and the 
clouds approach to the mountain and it starts to rain. After that, the system again indicates 
the user how to open the cube out and the next stage is reached, where the clouds disappear 
completely and the rain ceases. 
Finally, the user is guided to the last scene, where he hears a flowing water river sound and 
the river produces flashes, completing the water cycle. 
 

 
 

Fig. 5. The water cycle application  

 
4.3 Cube 
This application shows all cube’s geometric properties on a very graphical way. 
In this case, user uses a palette shaped cube. Six different marks are placed at each cube face, 
but they all operate as if they were a single mark, allowing the user to see the virtual object, 
in this case a virtual cube, from all possible vision angles. 
In this system user must interact with the keyboard in order to see all the different options 
implemented. Thus, when the user presses "d" key a virtual cube appears opening their 
faces out, and moving from the centre to the top left corner of the screen. 
On the other hand, when the user presses "b" key, the system illuminates the closest virtual 
cube face to the camera, it also illuminates the same face in the opened cube, and plays a 
sound at the same time. 
User can see cube vertexes in both figures by pressing "t" key. Moreover, he also can see all 
cube diagonals by pressing "g" key. He even can view both cubes without faces, only edges, 
by pressing the “a” button. Finally user can access to an information board by pressing the 
"i" key. This board contains information about: Volume, area, edges, vertexes and diagonals. 
 

 

 

 
Fig. 6. The cube application  
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1. Introduction 
 

Prior to 1994, the school curriculum in South Africa was designed primarily to perpetuate 
systematic inequalities among the various population groups in the country. The structure 
of the education system for black people was directed by the Bantu Education Act of 1953 
[DoE, 2000]. Bantu Education provided black people with a lower quality education in terms 
of resources, qualified teachers, schools, etc., while other racial groups were by comparison 
provided with relatively better education [DoE, 2000]. Christie [1991] highlights the fact that 
black education was generally ignored, thereby resulting in inadequate provision of 
educational opportunities for black learners.  
After 1994, significant initiatives were undertaken to create a fair and equitable society in an 
attempt to correct the past inequalities of the apartheid regime. A new education system, 
aimed at developing an equitable system that offers good quality education and training for 
all learners, was put in place. The main aim was to provide equal educational opportunities 
for all school-going children in the country [Pretorius & Lemmer, 1998]. However, in spite of 
these laudable initiatives, Yamauchi [2004] observes that opportunities for education in 
public schools in South Africa are still unequal among different racial groups, even after 
apartheid. This observation notwithstanding, there have been significant initiatives within 
the system, amongst which has been the introduction of environmental education in 
primary schools. Environmental education was introduced as a theme to be learned by all 
learners, through the implementation of the National Environmental Education Project for 
General Education and Training (herein referred to as NEEP-GET). The NEEP-GET focused 
on the development of teachers, teacher educators, and curriculum implementers to fully 
implement environmental education in South African schools. The primary aim was to 
encourage the implementation of environmental education programmes in the school and 
classroom context [DoE, 2004]. 
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1. Introduction 
 

Prior to 1994, the school curriculum in South Africa was designed primarily to perpetuate 
systematic inequalities among the various population groups in the country. The structure 
of the education system for black people was directed by the Bantu Education Act of 1953 
[DoE, 2000]. Bantu Education provided black people with a lower quality education in terms 
of resources, qualified teachers, schools, etc., while other racial groups were by comparison 
provided with relatively better education [DoE, 2000]. Christie [1991] highlights the fact that 
black education was generally ignored, thereby resulting in inadequate provision of 
educational opportunities for black learners.  
After 1994, significant initiatives were undertaken to create a fair and equitable society in an 
attempt to correct the past inequalities of the apartheid regime. A new education system, 
aimed at developing an equitable system that offers good quality education and training for 
all learners, was put in place. The main aim was to provide equal educational opportunities 
for all school-going children in the country [Pretorius & Lemmer, 1998]. However, in spite of 
these laudable initiatives, Yamauchi [2004] observes that opportunities for education in 
public schools in South Africa are still unequal among different racial groups, even after 
apartheid. This observation notwithstanding, there have been significant initiatives within 
the system, amongst which has been the introduction of environmental education in 
primary schools. Environmental education was introduced as a theme to be learned by all 
learners, through the implementation of the National Environmental Education Project for 
General Education and Training (herein referred to as NEEP-GET). The NEEP-GET focused 
on the development of teachers, teacher educators, and curriculum implementers to fully 
implement environmental education in South African schools. The primary aim was to 
encourage the implementation of environmental education programmes in the school and 
classroom context [DoE, 2004]. 

16
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In line with international developments, the Department of Education in South Africa 
recognises environmental education as a key vehicle to respond to the national and global 
environmental crisis [DoE, 2001: 3]. For this reason, post-1994 education provision sought to 
infuse environmental education into the new curriculum (Curriculum 2005 – or C2005). The 
White Paper on Education and Training [RSA, 1995] perceived environmental education as a 
means to a better quality of life for all people and argued that it should be integrated at all 
levels of the South African education and training system. The White Paper further stated 
that “environmental education, involving an inter-disciplinary, integrated and active 
approach to learning, must be a vital element of all levels and programmes of the education 
and training system, in order to create environmentally literate and active citizens and 
ensure that all SA, present and future, enjoy a decent quality of life through the sustainable 
use of resources” [RSA, 1995]. 
Furthermore, the Constitution of the Republic of South Africa 1996 protects the right of 
every citizen to “an environment that is not detrimental to his or her health” (South African 
Constitution, 1996, p. 11). The newly-developed Curriculum 2005 thus recognised the 
importance of the environment in the curriculum through the phase organiser on 
‘environment’, and through a number of other environmentally focused specific outcomes 
(DoE, 2001, p. 3). According to the Revised National Curriculum Statement Grades R-9 
(Schools) (DoE, 2001) phase organisers, which originated with Curriculum 2005, have been 
scrapped, and the issue of the environment is dealt with and provided for in the curriculum 
as per learning area statements. The Revised National Curriculum Statement has tried to 
ensure that all the Learning Area Statements reflect the principles and practices of social 
justice, respect for the environment and human rights as defined in the Constitution (p. 10). 
For instance:  

 Natural Sciences learning area statement is based on the appreciation of the 
relationships and responsibilities between science, society and the environment, 

 Social Sciences learning area statement is concerned with what learners learn and 
how learners learn, and how learners construct knowledge. The Learning Area 
Statement encourages learners to ask and find answers to questions about society 
and the environment in which they live. 

 Life Orientation learning area statement focused on its five areas which address the 
human and environmental rights outlined in the Constitution, 

 Economic and Management Science learning area statements are concerned with 
entrepreneurial skills and knowledge needed to manage human lives and 
environments, 

 Technology learning area statements are based on economic and environmental 
factors and wide range of attitudes and values need to be taken into account when 
developing technological solutions. It is in this context that technology is defined as 
“the use of knowledge, skills and resources to meet people’s needs and wants by 
developing practical solutions to the problems while considering social and 
environmental factors”. (DoE, 2001, p. 22-28).   

2. Conceptual Framework 
 

Research has shown that schools differ in the way they provide students with Opportunities 
to Learn. Some schools are oriented around a few learners with highly qualified teachers, 
while others are oriented around large numbers of learners with less qualified teachers. 
Eventually, it would seem that those students who are taught by less qualified teachers have 
fewer opportunities to learn than those who are taught by highly qualified teachers [Stein, 
2000]. Other opportunities to learn studies have demonstrated that black students are more 
likely to be taught by less qualified teachers and have less access to resources and high-
quality instructional practices. As a result their opportunities to learn become fewer [Oakes, 
Ormseth & Camp, 1990; Oakes & Lipton, 1990].  
The concept of Opportunity to Learn has long been established in the research literature. It 
was first introduced by the International Association for the Evaluation of Educational 
Achievement (IEA) as an instrument to validate the differences in students’ mathematics 
achievement across different nations. It was then revised in the Second International 
Mathematics Study (SIMS), where opportunity to learn was conceptualised in terms of the 
curriculum [McDonnell, 1995]. Since then, the concept has been used as a mechanism to 
determine whether students’ mathematics achievement differences are caused by 
differences in what they are exposed to in class, rather than their ability to master the subject 
content [McDonnell, 1995]. The concept was further developed to establish whether schools 
provide students with equal opportunities to learn, irrespective of their abilities [McDonnell, 
1995]. 
Moreover, the definition of opportunity to learn has been extended to include the quality of 
resources, school conditions, curriculum, as well as the teaching that learners experience 
[Education Policy Brief, 2000]. In this regard, it becomes clear that the types of resources 
students receive – including the state and situation of the school with respect to the syllabus 
and instruction determine opportunity to learn. 
Traditionally, opportunity to learn were identified as standards that symbolised what 
schools and teachers must do if the given curriculum and achievement standards are to be 
met. Opportunity to learn includes the provision of curricula, learning materials, teachers, 
and instructional experiences that enable learners to achieve high standards [Porter, 1993]. 
In the context of teaching and learning, opportunity to learn refers to what teachers do in 
their classrooms when they are teaching students and whether or not they offer students 
adequate access to information and resources to allow them to study the curriculum 
appropriate to their age and grade level [Stevens, 1997]. According to Stevens [1997: 4], 
opportunity to learn involves four variables that have a powerful influence on teachers as 
well as student learning: 1) content coverage; 2) content exposure; 3) content emphasis; and 
4) quality of instructional delivery. 
These four variables are defined as follows: 

 Content Coverage involves whether or not students cover the core curriculum and 
whether or not there is a match between the content of the curriculum taught and 
the content of the test or the assessment that the students have to take; 

 Content Exposure entails the time that is prearranged for students to learn (time on 
task) and the depth of the teaching of the subject; 
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 Content Emphasis refers to which topics within the curriculum teachers emphasise 
and which students are selected to receive instruction in low or high order skills; 
and 

 Quality of Instructional Delivery concerns how teaching practices have an impact 
on students’ academic achievement [Stevens, 1997: 4]. 

Using the concept of Opportunity to Learn, it should be possible to explore the quality of the 
provision of environmental education in the South African primary school. The reason for 
using the framework of opportunity to learn is that we were interested in understanding 
what environmental education topics are taught in the classroom, how learners are exposed 
to environmental education lessons, what topics are given more emphasis and what 
teaching strategies are used to teach environmental education. The results of such an 
investigation would contribute to a broader understanding of how to design better policies 
for implementing environmental education in the primary schools. 
One of the main weaknesses of the opportunity to learn literature, however, is that there are 
few studies, if any, that are conducted in developing countries, and almost none reported, 
particularly in the South African context. Most of the existing opportunity to learn studies 
are based on American and European schools and focus mostly on Science and 
Mathematics. Yet, little is known about what actually happens in many classrooms, causing 
some students to achieve and others not to achieve [McDonnell, 1995; Porter, 1989; Stevens, 
1993; Wang, 1998].  This is the problem we sought to investigate with respect to the teaching 
and learning of environmental education in the South African context. 

 
3. Statement of the Problem 
 

Most of the policy changes discussed earlier do not address themselves specifically to the 
issue of how environmental education should be provided to learners of different 
backgrounds. This has been left, in most cases, to the schools and teachers in the classrooms 
themselves. In this study, we investigated the integration of environmental education in the 
primary school curriculum using the case of one primary school as a focus. We were 
interested in detailing how one primary school in South Africa structured opportunities for 
teaching and learning about the environment, in order to understand better how teachers 
implement new curriculum provisions in their classrooms, especially in a subject area like 
environmental education, which has no specifically defined curriculum and learning 
content. 

 
4. Aim of the Study 
 

The focus of this study was on the integration of environmental education in the school 
curriculum at one primary school. The study sought to explore, among other issues, the 
availability of teachers who are qualified to teach environmental education; the availability 
of teaching and learning resources; the amount of time available to learn; the organisation of 
the classroom; and the use of outdoor learning activities to support learning of 
environmental education [McPartland & Schneider, 1996; Oakes, et al., 1990; Oakes & 
Lipton, 1990; Stevens, 1993]. With this broad frame in mind, our aim was to investigate how 
primary school teachers implement environmental education in the school curriculum. 

5. Research Questions 
 

Using the context of one province in South Africa, the researchers sought to answer the 
following specific research questions:  

 What kinds of resources (human and non-human) do primary schools rely on for 
teaching and learning of environmental education?  

 How are these resources identified and organised to maximise opportunity to learn 
environmental education in primary schools? 

 
6. Research Methodology 
 

We conducted our study in Mamelodi area, in the Tshwane South Region of Gauteng 
Province. Mamelodi is located to the east of Pretoria, 20 kilometers from Pretoria city center. 
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Mandela Village, Alaska, and Extension 10. Sechaba Primary School, therefore, caters for 
children from the squatter camps and children from the formal settlement. We chose Sechaba 
Primary School as a case study because it is participating in the environmental education 
programmes offered by the South African National Biodiversity Institute (SANBI) and it is 
also known as one of the best schools in Mamelodi that does well in terms of teaching 
learners about environmental education. 
We used a qualitative research approach, because qualitative research approaches lend 
themselves to exploratory and inductive research (Trochim, 2001). This approach helped the 
researchers to understand the occurrence of events in their natural settings and how people 
at the primary school in question defined these events from their own perspectives. 
Through this approach, the researchers explored how one primary school has implemented 
environmental education in its curriculum. More specifically, the researchers were able to 
examine the manner in which teachers provided environmental education as an integrated 
theme within other learning areas in their classrooms. The qualitative approach also 
facilitated the researchers’ understanding of the structure of teaching and learning of 
environmental education at the participating school from the viewpoints of the individuals 
involved. Semi-structured interviews with teachers and learners were used. This involved 
direct observations of classroom lessons and also an analysis of documents, such as 
handouts from environmental education workshops, school environmental education 
policy, and other relevant environmental education documents used by the school. 
The analysis involved the interpretation of participants’ explanations of the way they had 
integrated environmental education in the school curriculum, as well as the kinds of 
resources the school had for the teaching and learning of environmental education, with 
particular reference to the manner in which they were mobilised and employed. 
Furthermore, we sought explanations regarding the way the arrangement and application of 
these resources were seen as helpful to the integration of environmental education in the 
school curriculum. 
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7. Findings 
 

The findings are grouped into three sections: (a) human and non-human resources with 
respect to teaching and learning of environmental education; (b) institutional systems and 
frameworks for the implementation of environmental education at the school; and (c) 
partnerships between the school and other stakeholders working in the area of 
environmental education.  
Pseudonyms are used to refer to the school, teachers and learners in order to avoid referring 
to them frequently as ‘the primary school under investigation’, ‘teachers’ and ‘learners’. 

 
7.1. Human resources, capacity and teacher professional development 
Often the issue of teacher shortage is given as a reason for poor opportunity to learn, 
especially in scarce and/or new subjects or focus areas such as environmental education.  
This was an important issue to investigate in the case of Sechaba Primary, in terms of the 
resources available for environmental education. The results of the study revealed that 
Sechaba Primary School, in fact, seems to have enough teachers to fulfil its broad mandate in 
primary education. The average teacher/pupil ratio in the four classes that we observed was 
1:35 (620 learners to a total of 17 teachers). In spite of these numbers, the quality of learning 
experiences, that is, the academic performance of learners in environmental education was 
at best average at Sechaba. The limiting factor at Sechaba Primary was the absence of properly 
qualified teachers in the field of environmental education. In fact, there is only one teacher 
out of a total of 17 who strictly qualifies to teach learners environmental education.  Mr 
Lehlabile, who has a certificate in environmental education, also coordinates the 
environmental education programmes of the school, with the assistance of the Deputy 
Principal (Mr Paul). Mr Paul also recognised the limitation of properly qualified teachers in 
environmental education when he observed that:  
We don’t have enough teachers who are qualified to teach environmental education. I have interest in 
environmental education but I am not qualified to teach it. Only “Mr Lehlabile” has a qualification in 
environmental education. We should get environmental education teachers. I am saying this because 
if you look at our environment where we live, especially our community, people don’t look after the 
trees, they chop them. For example, we have 100 pitches around the school premises, and people don’t 
know anything about trees. They take them away, and fruit trees are taken away. If there were enough 
environmental education teachers they were going to teach learners about the importance of trees and 
plants in general. (Mr Paul, 2007). 
However, the emphasis here is not on the presence or absence of a qualification, but rather 
the observation that qualified teachers are more likely to have the required expertise in their 
subject areas. This observation is based on the understanding that qualifications and 
expertise in the subject areas that teachers offer play a significant role in providing students 
with opportunities to learn about those particular subject areas. With only one teacher at 
Sechaba Primary who possesses a qualification in environmental education, it can hardly be 
said that the school has enough capacity in terms of teachers who can teach environmental 
education. 
In view of this limitation, it was not surprising to find that teacher professional development 
constituted the most significant strategy in developing teachers’ capacity to teach about the 
environment. Sechaba Primary has taken the issue of teacher professional development 
seriously. Teachers at the school have been able to advance their teaching of environmental 

education through these professional development workshops, as pointed out by Mr 
Lehlabile:  
We normally attend environmental education workshops organised by the South African Biodiversity 
Institute (SANBI), Rhodes University and the Walter Sisulu Environmental Center. I attended three 
National Workshops organised by Rhodes University, one tutorial organised by the South African 
National Biodiversity Institute and two workshops organised by the Walter Sisulu Environmental 
Centre. These three organisations are helping us to integrate environmental education into the school 
curriculum. From the workshops we attended, we have learned quite a number of aspects like the 
compost issue. In eliminating greenhouse gases, which are wasting our oxygen in the atmosphere. 
The South African National Biodiversity Institute encouraged us to plant indigenous trees because 
these trees conserve water and we were also motivated to plant them so that they should produce 
oxygen during the night. We started our school garden with the help from SANBI. At WSEC, they 
also taught us about the issue of composting, how to prepare soil for planting, and they also taught 
learners about different types of animals and how animals should be conserved (Interview with Mr 
Lehlabile, 2007). 
The only distinct weakness of the professional development opportunities at Sechaba came 
from the fact that they tended to limit the content of environmental lessons at the school to 
only those topics that the teachers covered at workshops and implement them inside and 
outside classrooms, such as compost making, gardening, animals and pollution, etc. An 
excerpt from one of the observed lessons went as follows: 
Mr. Lehlabile: Good, loam soil is good for planting. Now tell me, what will happen to the soil, 
after throwing a peel of a banana or orange on it? 
Tiisetso: Nothing will happen to the soil because the peel of banana will be rotten. 
Mr. Lehlabile: Is it true? 
Martha: No, the peels will get rotten and thereafter will make the soil to be fertile.  
Mr. Lehlabile: Good, Martha, the soil will be fertile. Now to fertilise the soil we must make 
compost. Compost is manure that is used to fertilise the soil. To make compost is simple and 
cheap because you can only make use of rotten vegetables, and fruits. For example, a carrot 
that grows using nutrients from the soil is eaten by people. When people throw away the 
leaves and peels, these wastes can go back to the soil to decompose and provide nutrients 
for new cycle growth. So, now when we make compost we make use of vegetable wastes, 
we mix them with soil, we sprinkle water to make it moist, and then we leave it for some 
days for compost to form (Observation: 23 April 2007). 
The study also found that “resources” refers not only to the physical resources that teachers 
use during the lesson but also implies the knowledge that teachers impart to learners (that 
is, intellectual resources). On the other hand, while knowledge, in and of itself, is useful in 
creating potentially rich opportunity to learn, it is the manner in which the teacher presents 
such knowledge to learners that will ultimately generate real opportunity to learn 
environmental education. During visits to Mr Moleka’s Grade 7 Natural Science class, he 
described how he intended to cover the theme on environment, in the context of a study of 
birds, specifically owls. His major goal was for the learners to recognise owls as birds that 
are endangered and need to be conserved. He planned to draw on learners’ experiences 
about owls and build on that prior knowledge to engage learners in a discussion about 
common ideas and beliefs about owls. In the presentation of the lesson, a number of 
resources were used, such as a poster of an owl, a poster of a food chain, a chart displaying a 
rat and grass, two artificial (man-made) owls, an artificial wing, and a radio. Part of the 
lesson went as follows:  
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is, intellectual resources). On the other hand, while knowledge, in and of itself, is useful in 
creating potentially rich opportunity to learn, it is the manner in which the teacher presents 
such knowledge to learners that will ultimately generate real opportunity to learn 
environmental education. During visits to Mr Moleka’s Grade 7 Natural Science class, he 
described how he intended to cover the theme on environment, in the context of a study of 
birds, specifically owls. His major goal was for the learners to recognise owls as birds that 
are endangered and need to be conserved. He planned to draw on learners’ experiences 
about owls and build on that prior knowledge to engage learners in a discussion about 
common ideas and beliefs about owls. In the presentation of the lesson, a number of 
resources were used, such as a poster of an owl, a poster of a food chain, a chart displaying a 
rat and grass, two artificial (man-made) owls, an artificial wing, and a radio. Part of the 
lesson went as follows:  
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7. Findings 
 

The findings are grouped into three sections: (a) human and non-human resources with 
respect to teaching and learning of environmental education; (b) institutional systems and 
frameworks for the implementation of environmental education at the school; and (c) 
partnerships between the school and other stakeholders working in the area of 
environmental education.  
Pseudonyms are used to refer to the school, teachers and learners in order to avoid referring 
to them frequently as ‘the primary school under investigation’, ‘teachers’ and ‘learners’. 

 
7.1. Human resources, capacity and teacher professional development 
Often the issue of teacher shortage is given as a reason for poor opportunity to learn, 
especially in scarce and/or new subjects or focus areas such as environmental education.  
This was an important issue to investigate in the case of Sechaba Primary, in terms of the 
resources available for environmental education. The results of the study revealed that 
Sechaba Primary School, in fact, seems to have enough teachers to fulfil its broad mandate in 
primary education. The average teacher/pupil ratio in the four classes that we observed was 
1:35 (620 learners to a total of 17 teachers). In spite of these numbers, the quality of learning 
experiences, that is, the academic performance of learners in environmental education was 
at best average at Sechaba. The limiting factor at Sechaba Primary was the absence of properly 
qualified teachers in the field of environmental education. In fact, there is only one teacher 
out of a total of 17 who strictly qualifies to teach learners environmental education.  Mr 
Lehlabile, who has a certificate in environmental education, also coordinates the 
environmental education programmes of the school, with the assistance of the Deputy 
Principal (Mr Paul). Mr Paul also recognised the limitation of properly qualified teachers in 
environmental education when he observed that:  
We don’t have enough teachers who are qualified to teach environmental education. I have interest in 
environmental education but I am not qualified to teach it. Only “Mr Lehlabile” has a qualification in 
environmental education. We should get environmental education teachers. I am saying this because 
if you look at our environment where we live, especially our community, people don’t look after the 
trees, they chop them. For example, we have 100 pitches around the school premises, and people don’t 
know anything about trees. They take them away, and fruit trees are taken away. If there were enough 
environmental education teachers they were going to teach learners about the importance of trees and 
plants in general. (Mr Paul, 2007). 
However, the emphasis here is not on the presence or absence of a qualification, but rather 
the observation that qualified teachers are more likely to have the required expertise in their 
subject areas. This observation is based on the understanding that qualifications and 
expertise in the subject areas that teachers offer play a significant role in providing students 
with opportunities to learn about those particular subject areas. With only one teacher at 
Sechaba Primary who possesses a qualification in environmental education, it can hardly be 
said that the school has enough capacity in terms of teachers who can teach environmental 
education. 
In view of this limitation, it was not surprising to find that teacher professional development 
constituted the most significant strategy in developing teachers’ capacity to teach about the 
environment. Sechaba Primary has taken the issue of teacher professional development 
seriously. Teachers at the school have been able to advance their teaching of environmental 

education through these professional development workshops, as pointed out by Mr 
Lehlabile:  
We normally attend environmental education workshops organised by the South African Biodiversity 
Institute (SANBI), Rhodes University and the Walter Sisulu Environmental Center. I attended three 
National Workshops organised by Rhodes University, one tutorial organised by the South African 
National Biodiversity Institute and two workshops organised by the Walter Sisulu Environmental 
Centre. These three organisations are helping us to integrate environmental education into the school 
curriculum. From the workshops we attended, we have learned quite a number of aspects like the 
compost issue. In eliminating greenhouse gases, which are wasting our oxygen in the atmosphere. 
The South African National Biodiversity Institute encouraged us to plant indigenous trees because 
these trees conserve water and we were also motivated to plant them so that they should produce 
oxygen during the night. We started our school garden with the help from SANBI. At WSEC, they 
also taught us about the issue of composting, how to prepare soil for planting, and they also taught 
learners about different types of animals and how animals should be conserved (Interview with Mr 
Lehlabile, 2007). 
The only distinct weakness of the professional development opportunities at Sechaba came 
from the fact that they tended to limit the content of environmental lessons at the school to 
only those topics that the teachers covered at workshops and implement them inside and 
outside classrooms, such as compost making, gardening, animals and pollution, etc. An 
excerpt from one of the observed lessons went as follows: 
Mr. Lehlabile: Good, loam soil is good for planting. Now tell me, what will happen to the soil, 
after throwing a peel of a banana or orange on it? 
Tiisetso: Nothing will happen to the soil because the peel of banana will be rotten. 
Mr. Lehlabile: Is it true? 
Martha: No, the peels will get rotten and thereafter will make the soil to be fertile.  
Mr. Lehlabile: Good, Martha, the soil will be fertile. Now to fertilise the soil we must make 
compost. Compost is manure that is used to fertilise the soil. To make compost is simple and 
cheap because you can only make use of rotten vegetables, and fruits. For example, a carrot 
that grows using nutrients from the soil is eaten by people. When people throw away the 
leaves and peels, these wastes can go back to the soil to decompose and provide nutrients 
for new cycle growth. So, now when we make compost we make use of vegetable wastes, 
we mix them with soil, we sprinkle water to make it moist, and then we leave it for some 
days for compost to form (Observation: 23 April 2007). 
The study also found that “resources” refers not only to the physical resources that teachers 
use during the lesson but also implies the knowledge that teachers impart to learners (that 
is, intellectual resources). On the other hand, while knowledge, in and of itself, is useful in 
creating potentially rich opportunity to learn, it is the manner in which the teacher presents 
such knowledge to learners that will ultimately generate real opportunity to learn 
environmental education. During visits to Mr Moleka’s Grade 7 Natural Science class, he 
described how he intended to cover the theme on environment, in the context of a study of 
birds, specifically owls. His major goal was for the learners to recognise owls as birds that 
are endangered and need to be conserved. He planned to draw on learners’ experiences 
about owls and build on that prior knowledge to engage learners in a discussion about 
common ideas and beliefs about owls. In the presentation of the lesson, a number of 
resources were used, such as a poster of an owl, a poster of a food chain, a chart displaying a 
rat and grass, two artificial (man-made) owls, an artificial wing, and a radio. Part of the 
lesson went as follows:  
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out of a total of 17 who strictly qualifies to teach learners environmental education.  Mr 
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environmental education but I am not qualified to teach it. Only “Mr Lehlabile” has a qualification in 
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trees, they chop them. For example, we have 100 pitches around the school premises, and people don’t 
know anything about trees. They take them away, and fruit trees are taken away. If there were enough 
environmental education teachers they were going to teach learners about the importance of trees and 
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However, the emphasis here is not on the presence or absence of a qualification, but rather 
the observation that qualified teachers are more likely to have the required expertise in their 
subject areas. This observation is based on the understanding that qualifications and 
expertise in the subject areas that teachers offer play a significant role in providing students 
with opportunities to learn about those particular subject areas. With only one teacher at 
Sechaba Primary who possesses a qualification in environmental education, it can hardly be 
said that the school has enough capacity in terms of teachers who can teach environmental 
education. 
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constituted the most significant strategy in developing teachers’ capacity to teach about the 
environment. Sechaba Primary has taken the issue of teacher professional development 
seriously. Teachers at the school have been able to advance their teaching of environmental 
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Lehlabile:  
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National Workshops organised by Rhodes University, one tutorial organised by the South African 
National Biodiversity Institute and two workshops organised by the Walter Sisulu Environmental 
Centre. These three organisations are helping us to integrate environmental education into the school 
curriculum. From the workshops we attended, we have learned quite a number of aspects like the 
compost issue. In eliminating greenhouse gases, which are wasting our oxygen in the atmosphere. 
The South African National Biodiversity Institute encouraged us to plant indigenous trees because 
these trees conserve water and we were also motivated to plant them so that they should produce 
oxygen during the night. We started our school garden with the help from SANBI. At WSEC, they 
also taught us about the issue of composting, how to prepare soil for planting, and they also taught 
learners about different types of animals and how animals should be conserved (Interview with Mr 
Lehlabile, 2007). 
The only distinct weakness of the professional development opportunities at Sechaba came 
from the fact that they tended to limit the content of environmental lessons at the school to 
only those topics that the teachers covered at workshops and implement them inside and 
outside classrooms, such as compost making, gardening, animals and pollution, etc. An 
excerpt from one of the observed lessons went as follows: 
Mr. Lehlabile: Good, loam soil is good for planting. Now tell me, what will happen to the soil, 
after throwing a peel of a banana or orange on it? 
Tiisetso: Nothing will happen to the soil because the peel of banana will be rotten. 
Mr. Lehlabile: Is it true? 
Martha: No, the peels will get rotten and thereafter will make the soil to be fertile.  
Mr. Lehlabile: Good, Martha, the soil will be fertile. Now to fertilise the soil we must make 
compost. Compost is manure that is used to fertilise the soil. To make compost is simple and 
cheap because you can only make use of rotten vegetables, and fruits. For example, a carrot 
that grows using nutrients from the soil is eaten by people. When people throw away the 
leaves and peels, these wastes can go back to the soil to decompose and provide nutrients 
for new cycle growth. So, now when we make compost we make use of vegetable wastes, 
we mix them with soil, we sprinkle water to make it moist, and then we leave it for some 
days for compost to form (Observation: 23 April 2007). 
The study also found that “resources” refers not only to the physical resources that teachers 
use during the lesson but also implies the knowledge that teachers impart to learners (that 
is, intellectual resources). On the other hand, while knowledge, in and of itself, is useful in 
creating potentially rich opportunity to learn, it is the manner in which the teacher presents 
such knowledge to learners that will ultimately generate real opportunity to learn 
environmental education. During visits to Mr Moleka’s Grade 7 Natural Science class, he 
described how he intended to cover the theme on environment, in the context of a study of 
birds, specifically owls. His major goal was for the learners to recognise owls as birds that 
are endangered and need to be conserved. He planned to draw on learners’ experiences 
about owls and build on that prior knowledge to engage learners in a discussion about 
common ideas and beliefs about owls. In the presentation of the lesson, a number of 
resources were used, such as a poster of an owl, a poster of a food chain, a chart displaying a 
rat and grass, two artificial (man-made) owls, an artificial wing, and a radio. Part of the 
lesson went as follows:  
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Mr Moleka: Today I am going to teach you about an owl. What type of an animal is an owl?’ 
(Learners raise their hands). 
Zoleka: ‘A bird’. 
Mr Moleka: ‘An owl is a bird, do you all agree? 
Learners: ‘Yes’ 
Mr Moleka: ‘Then, if I ask you, what features make a bird, what are you going to say? 
(Learners were quiet for about 2 minutes suggesting that many of them did not quite 
understand the question). Let me give you an example, a lion has two legs, a hairy neck, a 
tail, and a tough skin (this example stimulated learners to develop a sense of what some of 
the characteristic features of an owl might be; they began raising their hands). Yes, let’s hear 
Thandi’. 
Thandi: ‘A bird is something that lives on a tree and it can fly’. 
Mr Moleka: ‘Yes, good, a bird has wings so it can fly’. 
Lungile: ‘A bird has two legs’. 
Ratile: ‘A bird has a beak‘.  
Mr Moleka: ‘An owl is a nocturnal bird; a nocturnal is an animal that is active during the night 
and passive during the day. The opposite of nocturnal is diurnal. A diurnal animal is the kind 
of an animal that is active during the day like a human being and passive during the night 
(Observation: 16 May 2007).  
During the post-observation interview, Mr Moleka was excited that the lesson had gone 
according to plan, and in fact exceeded his expectations when the learners began to engage 
him more with their own puzzles and questions. He ascribed the improved participation 
levels to the fact that the lesson was relatively easy after their previous lessons and 
discussion on vertebrate and invertebrate animals and how animals adapt to the 
environment. On the question of how he selected the activities, explanations, examples, and 
what concepts to focus on during the lesson, he made it clear that “[He] used the materials [he] 
got from the Zoological Garden during [their] educational excursion last year in 2006” (Mr Moleka, 
2007). 
Evidence from the present study suggests that teachers at the participating primary school 
used different methods of teaching, which in turn afforded learners varied OTL 
environmental education at the school. Some teachers used a traditional teacher-centred 
approach, while others used learner-centred approaches which may have offered some 
learners, within the same school, better opportunities to learn environmental education.  
Opportunities to learn, therefore, varied within the same school, once more depending on 
the specific teachers and the particulars of the classroom interactions. 

 
7.2 Physical Resources 
The evidence in this study suggests that the participating primary school had managed to 
build its capacity extensively by seeking out a variety of resources for the teaching and 
learning of environmental education. The data reflect that environmental leaders at the 
school had taken strong initiatives to identify and mobilise material resources for the school.  
In terms of preparing the school garden, such tools as hosepipes, cheeters, gardening forks, 
spades, trees, flowers and compost had been donated. A JoJo tank for water harvesting, to 
enable the school to save water, was supplied Pick’ n Pay. Similarly, solar panels, 
retrofitting bulbs, and reflective paint used in the classrooms for the provision of alternative 

energy and energy-saving purposes were also donated. This was aptly stated by Mr. 
Lehlabile in the following words:  
We have in the past requested donations such as garden tools, seeds and funding for the development 
of our school environment. We have Pick’ n Pay Company. In trying to save tap water, we thought of 
capturing rain water, and the only way of doing that was to link with stakeholders like Pick’ n Pay, 
and we requested for a donation of a JoJo water tank. Pick’ n Pay managed to provide us with a JoJo 
water tank and we have put it behind the classrooms so that we can capture rain water during the 
rainy season. By so doing we are going to save municipal water; we will be irrigating our plants 
using the very same rain water. Nestle Company donated indigenous trees, compost as well as 
fertiliser tablets for the school to remove the alien trees and plant water-wise trees. Our school is an 
Eco-school, it has registered with Share-Net, and so Share-Net also provided us with booklets that we 
can use for the teaching of Environmental Education. The Gauteng Department of Education as well 
donated Environmental Education booklets that guide us on lesson planning for environmental 
lessons and it has also donated posters about the environment. We also use garden as a teaching and 
learning resource (Mr Lehlabile, 2007). 
Our research data reflect that the school had identified a number of priority areas about the 
environment around which to mobilise resources for teaching and learning, such as plants, 
water and electricity. The school was using gardening to stimulate learners and educators 
and the community to take charge of their environment and its conservation. In addition, 
the school’s environmental education leaders had taken strong initiatives to search for 
material resources.  
 
Institutional systems and frameworks for the implementation of environmental 
education at Sechaba Primary School 
Sechaba Primary School has managed, through its own networks and initiatives, to create 
some latent capacity to provide for its learners significant opportunities to learn 
environmental education. This study addressed the key concept of leadership as a resource 
in building environmental education opportunities. Data reveal that Sechaba has designated 
environmental education coordinators to facilitate and support all other teachers in the 
school in the integration of environmental education into other subject areas. It is through 
the initiatives of such designated coordinators that the school was able to create extensive 
and meaningful opportunity to learn environmental education.  
Although the human competence of the school in terms of its workforce who are qualified to 
teach in the area of environmental education appears to be very thin, the leadership and 
agency of some of these teachers seem often to have extended the capacity of the school. The 
environmental education coordinators of the school formed an environmental education 
committee with the purpose of enhancing environmental education at the school. The school 
also managed to register with Share-Net to be an Eco-school, so that it could attract the 
attention of stakeholders who could provide teachers with professional development and 
training about the teaching of environmental education. Furthermore, the environmental 
education committee has drafted an environmental education policy for the school, which 
serves as a guide on how the school should run in terms of environmental teaching and 
learning. The school’s environmental education committee appears to have been a key agent 
for constructing an agenda and mobilising resources for environmental education at the 
school. Mr Lehlabile described this important role of the environmental education committee 
when he said that: 
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Mr Moleka: Today I am going to teach you about an owl. What type of an animal is an owl?’ 
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Mr Moleka: ‘Then, if I ask you, what features make a bird, what are you going to say? 
(Learners were quiet for about 2 minutes suggesting that many of them did not quite 
understand the question). Let me give you an example, a lion has two legs, a hairy neck, a 
tail, and a tough skin (this example stimulated learners to develop a sense of what some of 
the characteristic features of an owl might be; they began raising their hands). Yes, let’s hear 
Thandi’. 
Thandi: ‘A bird is something that lives on a tree and it can fly’. 
Mr Moleka: ‘Yes, good, a bird has wings so it can fly’. 
Lungile: ‘A bird has two legs’. 
Ratile: ‘A bird has a beak‘.  
Mr Moleka: ‘An owl is a nocturnal bird; a nocturnal is an animal that is active during the night 
and passive during the day. The opposite of nocturnal is diurnal. A diurnal animal is the kind 
of an animal that is active during the day like a human being and passive during the night 
(Observation: 16 May 2007).  
During the post-observation interview, Mr Moleka was excited that the lesson had gone 
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donated Environmental Education booklets that guide us on lesson planning for environmental 
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in building environmental education opportunities. Data reveal that Sechaba has designated 
environmental education coordinators to facilitate and support all other teachers in the 
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Mr Moleka: Today I am going to teach you about an owl. What type of an animal is an owl?’ 
(Learners raise their hands). 
Zoleka: ‘A bird’. 
Mr Moleka: ‘An owl is a bird, do you all agree? 
Learners: ‘Yes’ 
Mr Moleka: ‘Then, if I ask you, what features make a bird, what are you going to say? 
(Learners were quiet for about 2 minutes suggesting that many of them did not quite 
understand the question). Let me give you an example, a lion has two legs, a hairy neck, a 
tail, and a tough skin (this example stimulated learners to develop a sense of what some of 
the characteristic features of an owl might be; they began raising their hands). Yes, let’s hear 
Thandi’. 
Thandi: ‘A bird is something that lives on a tree and it can fly’. 
Mr Moleka: ‘Yes, good, a bird has wings so it can fly’. 
Lungile: ‘A bird has two legs’. 
Ratile: ‘A bird has a beak‘.  
Mr Moleka: ‘An owl is a nocturnal bird; a nocturnal is an animal that is active during the night 
and passive during the day. The opposite of nocturnal is diurnal. A diurnal animal is the kind 
of an animal that is active during the day like a human being and passive during the night 
(Observation: 16 May 2007).  
During the post-observation interview, Mr Moleka was excited that the lesson had gone 
according to plan, and in fact exceeded his expectations when the learners began to engage 
him more with their own puzzles and questions. He ascribed the improved participation 
levels to the fact that the lesson was relatively easy after their previous lessons and 
discussion on vertebrate and invertebrate animals and how animals adapt to the 
environment. On the question of how he selected the activities, explanations, examples, and 
what concepts to focus on during the lesson, he made it clear that “[He] used the materials [he] 
got from the Zoological Garden during [their] educational excursion last year in 2006” (Mr Moleka, 
2007). 
Evidence from the present study suggests that teachers at the participating primary school 
used different methods of teaching, which in turn afforded learners varied OTL 
environmental education at the school. Some teachers used a traditional teacher-centred 
approach, while others used learner-centred approaches which may have offered some 
learners, within the same school, better opportunities to learn environmental education.  
Opportunities to learn, therefore, varied within the same school, once more depending on 
the specific teachers and the particulars of the classroom interactions. 
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The evidence in this study suggests that the participating primary school had managed to 
build its capacity extensively by seeking out a variety of resources for the teaching and 
learning of environmental education. The data reflect that environmental leaders at the 
school had taken strong initiatives to identify and mobilise material resources for the school.  
In terms of preparing the school garden, such tools as hosepipes, cheeters, gardening forks, 
spades, trees, flowers and compost had been donated. A JoJo tank for water harvesting, to 
enable the school to save water, was supplied Pick’ n Pay. Similarly, solar panels, 
retrofitting bulbs, and reflective paint used in the classrooms for the provision of alternative 

energy and energy-saving purposes were also donated. This was aptly stated by Mr. 
Lehlabile in the following words:  
We have in the past requested donations such as garden tools, seeds and funding for the development 
of our school environment. We have Pick’ n Pay Company. In trying to save tap water, we thought of 
capturing rain water, and the only way of doing that was to link with stakeholders like Pick’ n Pay, 
and we requested for a donation of a JoJo water tank. Pick’ n Pay managed to provide us with a JoJo 
water tank and we have put it behind the classrooms so that we can capture rain water during the 
rainy season. By so doing we are going to save municipal water; we will be irrigating our plants 
using the very same rain water. Nestle Company donated indigenous trees, compost as well as 
fertiliser tablets for the school to remove the alien trees and plant water-wise trees. Our school is an 
Eco-school, it has registered with Share-Net, and so Share-Net also provided us with booklets that we 
can use for the teaching of Environmental Education. The Gauteng Department of Education as well 
donated Environmental Education booklets that guide us on lesson planning for environmental 
lessons and it has also donated posters about the environment. We also use garden as a teaching and 
learning resource (Mr Lehlabile, 2007). 
Our research data reflect that the school had identified a number of priority areas about the 
environment around which to mobilise resources for teaching and learning, such as plants, 
water and electricity. The school was using gardening to stimulate learners and educators 
and the community to take charge of their environment and its conservation. In addition, 
the school’s environmental education leaders had taken strong initiatives to search for 
material resources.  
 
Institutional systems and frameworks for the implementation of environmental 
education at Sechaba Primary School 
Sechaba Primary School has managed, through its own networks and initiatives, to create 
some latent capacity to provide for its learners significant opportunities to learn 
environmental education. This study addressed the key concept of leadership as a resource 
in building environmental education opportunities. Data reveal that Sechaba has designated 
environmental education coordinators to facilitate and support all other teachers in the 
school in the integration of environmental education into other subject areas. It is through 
the initiatives of such designated coordinators that the school was able to create extensive 
and meaningful opportunity to learn environmental education.  
Although the human competence of the school in terms of its workforce who are qualified to 
teach in the area of environmental education appears to be very thin, the leadership and 
agency of some of these teachers seem often to have extended the capacity of the school. The 
environmental education coordinators of the school formed an environmental education 
committee with the purpose of enhancing environmental education at the school. The school 
also managed to register with Share-Net to be an Eco-school, so that it could attract the 
attention of stakeholders who could provide teachers with professional development and 
training about the teaching of environmental education. Furthermore, the environmental 
education committee has drafted an environmental education policy for the school, which 
serves as a guide on how the school should run in terms of environmental teaching and 
learning. The school’s environmental education committee appears to have been a key agent 
for constructing an agenda and mobilising resources for environmental education at the 
school. Mr Lehlabile described this important role of the environmental education committee 
when he said that: 
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Because environmental education in our school is a venture, for the first time as a leader I started a 
garden which of course the teachers would use as a teaching resource and they will integrate 
environmental education into other learning areas. I have also established an enviro-club, an 
environmental education committee which comprises of teachers and learners so that we can be able to 
enter competitions that will inspire teachers and learners about environmental issues. The main duty 
of the enviro-club is to engage in the environmental education competitions. Having been registered 
as an eco-school, the Share-net have sent us materials like posters, small booklets about plants and 
animals, for us to help teachers to conduct their lessons in the classroom. As an eco-school we have 
registered with the Share-Net so that teachers at our school can be trained in the form of workshops 
about environmental education (Mr Lehlabile, 2007).  
The results of this study suggest that the school has come up with a well-focused agenda for 
addressing environmental issues within the school context. For example, energy saving, 
water harvesting, school greening, climate protection and waste management were the key 
issues that the school proposed to tackle. The existence of institutional systems has enabled 
the school to mobilise resources and develop effective partnerships that have promoted the 
learning of environmental education. In fact, the existence of formal structures like 
committees within the school has enabled Sechaba Primary to link with other organisations 
and develop partnerships that promote the teaching and learning of environmental 
education at the school. 
 
Partnerships between Sechaba Primary School and other stakeholders working in the area 
of environmental education 
Much of the physical and intellectual infrastructure for environmental education at Sechaba 
Primary School is a result of collaboration between the school and non-governmental 
organisations working in the area of environmental education. Data show the school has 
connections with business enterprises such as Pick ’n Pay business enterprise and Nestle, 
the City of Tshwane Metropolitan Municipality, Electrical Supply Commission, Mondi, 
SunTank, the South African National Biodiversity Institute, and the Walter Sisulu 
Environmental Centre. All these stakeholders and non-governmental organisations have 
provided the school with a variety of resources such as trees, compost, financial resources, 
solar panels, water tanks, retrofitting bulbs and capacity-building initiatives essential for 
sustaining environmental education at the school. The joint venture with the available 
stakeholders itself has helped the school to afford better environmental education 
opportunities to learners. The following statement by one teacher makes the point: 
As leaders in environmental education we managed to connect our school with stakeholders such as 
Nestle Company (Growth Wild (PTY) LTD) which donated fifteen indigenous water-wise trees to 
replace the alien trees and also supplied the school with compost and fertiliser tablets. With the 
resources that SANBI provides, it conducts workshops for us, thereafter we have to go back and do the 
practical part, in this instance gardening. The South African National Biodiversity Institute has 
provided us with plants such as indigenous trees and flowers; they even demonstrated how to plant 
them. Most of our plants have been contributed by SANBI, and they demonstrated planting. SANBI 
also gave us a fork, spade, hosepipe and cheeters. Pick ’n Pay business enterprise through their “Wish 
Campaign” donated 46 citrus trees, compost bags, a JoJo water tank and R5000 for the 
implementation of water harvesting project for the indigenous and vegetable garden. (Mr Paul, 
2007). 
From this quotation, it is evident that the school has become adept at using community 
resources such as those from the City of Tshwane Metropolitan Municipality, Electrical 

Supply Commision, The South African National Biodiversity the Institute, the Pick ’n Pay, to 
construct a fairly successful programme for environmental education at the school. Our 
discussion of the findings suggests that, on its own, the Gauteng Department of Education 
(GDE) seems to have provided minimal intellectual and material resources with which to 
effectively construct the school’s capacity for the integration of environmental education in 
the school curriculum. 
Though Sechaba Primary has sufficient teachers to accomplish its broader mandate in 
primary education, there remains a shortage in terms of quality teachers who are competent 
to teach environmental education. In exploring the issues regarding the opportunities to 
learn environmental education, it is important to bear in mind that it is not the quantity of 
teachers that creates opportunities to learn environmental education but other such issues as 
their qualifications and quality of their presentations of lessons that provide enhanced 
opportunities to learn within a school. Porter (1991), among others, views a quality teacher 
as someone who is first and foremost properly qualified in the subject he/she teaches. Also, 
in their definition of opportunities to learn, Oakes and Lipton (1990) note that in order to 
afford all students with equal opportunities to learn, all teachers should have teaching 
qualifications, should be experts in their subject areas and should be able to engage learners 
in the learning process. Stein (2000) takes the view that there is a connection between teacher 
qualification, classroom practice and opportunities to learn. Teachers, who are trained to 
teach, tend to do better in the classroom in terms of the teaching practice than teachers who 
are not qualified to teach.  
Other opportunities to learn scholars such as Oakes et al. (1990) have argued that black 
students are more likely to be taught by less qualified teachers and eventually their 
opportunities to learn become less. Sadly, this was the case at Sechaba, although it is not clear 
to what extent this would be the case at other South African primary schools, especially the 
formerly advantaged schools in the country.  The issue of qualified teachers for the subject is 
a contentious one, even for the Department of Education.  At this stage, there are no formal 
plans to provide enhanced study opportunities for teachers in environmental education, 
except on a voluntary basis at the initiative of each individual teacher.  
Data revealed that Sechaba has designed a myriad of activities to improve its capacity to 
create better opportunities to learn environmental education, which included some of the 
following:  creating human resource clubs such as Enviro-club, registering the school with 
Share-Net to be an Eco-school, drafting an Enviro-policy, seeking out financial resources, 
and other intellectual resources such as knowledge and learning about the environment for 
the teachers at the school. Given the findings regarding the ability of this school 
environment leaders to mobilise physical resources, intellectual resources as well as 
financial resources, the major story of the present research is therefore that of a case of 
mobilising resources for environmental learning and how such resources are used in the 
teaching and learning about the environment with a view to providing better opportunities 
to learn environmental education at the school. 
Furthermore, the findings suggest that the school formed partnerships with non-
governmental organisations, not only for gain in the material resources of the school, but 
also for the professional development of teachers in the field of environmental studies.  
Learners also benefited from these partnerships through enrichment of content and practical 
knowledge about the environment. These professional development sessions, in turn, 
enabled the provision of structured learning opportunities about the environment at 
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issues that the school proposed to tackle. The existence of institutional systems has enabled 
the school to mobilise resources and develop effective partnerships that have promoted the 
learning of environmental education. In fact, the existence of formal structures like 
committees within the school has enabled Sechaba Primary to link with other organisations 
and develop partnerships that promote the teaching and learning of environmental 
education at the school. 
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connections with business enterprises such as Pick ’n Pay business enterprise and Nestle, 
the City of Tshwane Metropolitan Municipality, Electrical Supply Commission, Mondi, 
SunTank, the South African National Biodiversity Institute, and the Walter Sisulu 
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stakeholders itself has helped the school to afford better environmental education 
opportunities to learners. The following statement by one teacher makes the point: 
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replace the alien trees and also supplied the school with compost and fertiliser tablets. With the 
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provided us with plants such as indigenous trees and flowers; they even demonstrated how to plant 
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also gave us a fork, spade, hosepipe and cheeters. Pick ’n Pay business enterprise through their “Wish 
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Sechaba, including the hands-on projects that resulted from the partnerships with the non-
governmental organisations. The issue of teacher professional development and how it 
helps teachers to do better in their teaching practice has also been discussed extensively in 
the literature. Yoon and Resnick (1998) found that teachers who took part in professional 
development workshops seemed to have more experience on improvement-oriented 
classroom activities compared to teachers who did not participate in the program. While in 
general, most studies find as Herman, Klein, and Wakai (1997) did in observing that 
teachers from low socio-economic background tend to receive less in-service training as 
compared to teachers from high socio-economic background. What seems to have made the 
case of Sechaba to be different from this pattern may be the agency of its leadership in 
seeking out such professional development opportunities for the school. What was 
remarkable about their efforts was their attention to the notion of “intellectual resources” 
that include knowledge and learning about the environment for the teachers at school. 

 
8. Conclusion 
 

In examining opportunities to learn environmental education at the school and classroom 
level, we were interested in ascertaining how teachers in primary schools have made sense 
of the new policy of integrating environmental education in the various learning areas.  The 
researchers wished to find out how workable the policy was in one school context, and what 
its consequences were in terms of providing better opportunities for learners. Indeed the 
case of Sechaba Primary has provided some insights into these questions. We now know how 
some schools have taken the new policy and made it work for them. They have developed 
their own local environmental policy, which served as a basis for mobilising and organising 
resources for learning and teaching environmental education at the school. It is this localised 
policy that seemed important in driving the integration of the environment into the 
curriculum at Sechaba Primary.  
Furthermore, the local policy created a platform for mobilising the intellectual and material 
resources for the integration of environmental education at the school. For us, the most 
important lesson coming out of this research therefore is the need for local school actors to 
take the initiative and be the agents of change. Agency and teacher leadership have proved 
to be cornerstones of the success story of the integration of environmental education at 
Sechaba Primary. There is, however, still a long way to go in terms of reaching the 
conceptual depths of the integration and extended participation of learners in 
environmental education, as the case of Sechaba Primary has illustrated. The lessons learned 
from the Sechaba Primary case would be applicable in schools that have taken environmental 
education as seriously as Sechaba Primary has done 
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1. Introduction 
 

Quality of life is an important social issue. Nowadays, consumers are well aware of the close 
relationship between quality, environment, hygiene and safety at work and social 
responsibility. They ask for an ethical and responsible management, the prices they have to 
pay for services or products being the least of their concern (Lopes and Capricho, 2007). 
The new concept of Quality integrates the new social paradigm of advanced societies. The 
evolution of this concept reveals the cultural evolution of a country and of a people, 
although in practical terms beliefs, values and principles tend to juxtapose.    
The theme Quality has also called the attention of several authors, such as Juran (1964), 
Crosby (1979), Deming (1986), Moller (1992), Feigenbaum (1949), Ishikawa (1985) and 
Taguchi (1986) and came up in the United States of America during World War II. By that 
time it was essential for the success of the army industry to control the quality of the 
weapons produced and sold (Shingo, 1986; Moller, 1992). This idea was exported to Japan 
where it acquired another dimension, allowing the reconstruction of the post-war Japanese 
industry ( Pires, 2004; Evans and Lindsay, 2005). 
To implement a process of change within an organization is not normally an easy task. 
Today, among the competitive advantages of any organization, the quality of the services it 
delivers is a major goal (Araújo, 2001 and 2004). To determine the quality of any service one 
must assess/measure that advantage, and public sector organizations should not be an 
exception; they must have that extra responsibility. Such organizations should not only 
provide what clients need, but they should also serve their needs (Kaboolian, 1999; Silva, 
2000; Rocha, 2006). Consequently, one of the competitive advantages of the organisations is 
the quality of the services they provide (Skelcher, 1992; Sharitzer and Korunda, 2000; 
António and Teixeira, 2007). It is necessary to know the quality of a service, public 
organisations included, to evaluate and to measure it in order to enhance quality (Swiss, 
1992; Rago, 1994; Morgan and Murgatroyd, 1994; Gonçalves and Monteiro, 1999; Loffler, 
2001). 
The evaluation of public organisations has been a reality all over Europe. In 1988, the 
responsible for the Public Administrations of the several State Members of the European 
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Union launched a project of Quality Management, aiming at the creation of the Common 
Assessment Framework (CAF) (Dearing, Staes and Prorok, 2006; INA, 2006). 
The Common Assessment Framework (CAF) is a self-assessment easy-to-use tool to apply in 
any public service organization, with well-defined and useful practical results (Saraiva, 
2004; Basu, 2004). 
As far as our study is concerned, there were several underlying questions deemed relevant: 
what will the grade of satisfaction of the students and of the internal collaborators be? What 
kind of diagnosis will the internal collaborators and managers of the Academic Services 
make? What are the weak and strong points of the Academic Services? Which improvement 
measures can be devised?  
Our study aims at being the basis of a self-assessment tool to be systematically undertaken 
at the Academic Services of the University of Évora, a tool which will provide a means to 
develop a process of continuous progress, based on a systematic self-assessment. To meet 
this end, answers to the above questions will have to be given regularly.  

 
2. Quality: a general and brief overview 
 

The concept of quality comprises several dimensions, such as the ones dealing with 
assistance and technical/functional features of a product or service, the aesthetic 
appearance, cost, safety and the environment. Being some of these dimensions subjective, 
they are difficult to be measured accurately. Hence, quality must be objectified and 
quantified in such a way as to be measurable and, therefore, controlled (Pires, 2004). 
There are, thus, several definitions of quality, one complementing the other and leading to 
the achievement of excellence. The definition of quality is dependent on the person who 
defines it and on his/her particular goals.  
Given the subjectivity comprised in the definition of quality, it is now imperative to 
harmonize, identify and clarify the concepts underlying our research.     
Quality is a term actualised in daily social or working interactions. Despite covering a wide 
range of meanings, the term is difficult to be defined due to its complexity and lack of 
consensus. According to António and Teixeira (2007) “the habitual definitions of quality 
emphasise one of the three perspectives of development of the product or service [..] - 
Process – Results – Consequences” (our translation). Table 1 below, adapted from that same 
work, shows a synthesis of several definitions of quality, under the perspective of products 
or services development. 
 

Author Definition of Quality Perspective 
Shewart 
(1939) It is something subjective or objective Consequences 

Feigenbaum 
(1949) 

It is a management form and must involve the 
participation of everybody and aim at the 
customers 

Process 

Silva (1955) What characterizes a person or thing and 
makes her/it to be different from another Consequences 

Crosby 
(1979) Conformity with the requisites Results 

Ishikawa 
(1985) 

Lack of variation in the characteristics of 
quality Results 

Shingo 
(1986) 

Process of continuous monitoring and 
instrument of potential feedback Process 

Taguchi 
(1986) 

The loss that a product causes to society after 
being shipped and not the losses caused by 
intrinsic functions 

Consequences 

Juran (1988) Adaptation to use Consequences 
Peters 
(1989) 

Never achieved but constantly searched for, 
always aiming at the customer’s needs Results 

Moller 
(1992) 

The quality of the product should not be the 
focus; human resources should Process 

Deming 
(1992) 

The process that leads to results through 
products/services that may be sold to 
costumers who will like them 

Process 

Tribus 
(1993) 

What makes a customer love the product or 
service  Consequences 

ISO 8402 
(1994) All the characteristics of an entity Results 

ISO 9000 
(2000) 

Level of satisfaction of requisites given by a set 
of intrinsic  features Consequences 

Associação 
Portuguesa 

para a 
Qualidade 

(APQ)  

All features of a product or service that 
determine their aptitude to satisfy a certain 
need 

Results 

American 
Society for 

Quality 
Control 
(ASQC) 

Quality is the sum of all the characteristics of a 
product or service that bear on its ability to 
satisfy  certain needs 

Results 

Table 1. Synthesis of the definitions of quality 
 
Quality is still an important issue. It is a factor of competitive advantage which enables the 
institutions to improve their performance in a rapidly changing world. As one of the 
dynamic factors of competitiveness, quality is, undoubtedly, a fundamental pillar of the 
success of the organizations.    
Public institutions have deep responsibilities in society. Their ultimate goal is to meet their 
customers’ needs, as it is the case of both Education and Healthcare, two essential social 
needs. Today, any organization aims at satisfying its customers.     

 
3. The Common Assessment Framework Model  
 

Public organisations have started to implement the principles of quality in a significant way 
(Gaster, 1996) since the 1990’s of the last century.  
To implement a process of change in an organization is a difficult task. Today, one of the 
great competitive advantages of an organization is the quality of its services. Yet, to be able 
to determine the quality of a service one must assess/measure that supposed advantage. 
Public services are no exception: they must be assessed in terms of quality, so that they 
provide a quality service to their customers. 

The	Use	of	the	Common	Assessment	Framework	Tool:		
Empiric	Study	on	the	University	of	Évora	(Academic	Services) 273

Union launched a project of Quality Management, aiming at the creation of the Common 
Assessment Framework (CAF) (Dearing, Staes and Prorok, 2006; INA, 2006). 
The Common Assessment Framework (CAF) is a self-assessment easy-to-use tool to apply in 
any public service organization, with well-defined and useful practical results (Saraiva, 
2004; Basu, 2004). 
As far as our study is concerned, there were several underlying questions deemed relevant: 
what will the grade of satisfaction of the students and of the internal collaborators be? What 
kind of diagnosis will the internal collaborators and managers of the Academic Services 
make? What are the weak and strong points of the Academic Services? Which improvement 
measures can be devised?  
Our study aims at being the basis of a self-assessment tool to be systematically undertaken 
at the Academic Services of the University of Évora, a tool which will provide a means to 
develop a process of continuous progress, based on a systematic self-assessment. To meet 
this end, answers to the above questions will have to be given regularly.  

 
2. Quality: a general and brief overview 
 

The concept of quality comprises several dimensions, such as the ones dealing with 
assistance and technical/functional features of a product or service, the aesthetic 
appearance, cost, safety and the environment. Being some of these dimensions subjective, 
they are difficult to be measured accurately. Hence, quality must be objectified and 
quantified in such a way as to be measurable and, therefore, controlled (Pires, 2004). 
There are, thus, several definitions of quality, one complementing the other and leading to 
the achievement of excellence. The definition of quality is dependent on the person who 
defines it and on his/her particular goals.  
Given the subjectivity comprised in the definition of quality, it is now imperative to 
harmonize, identify and clarify the concepts underlying our research.     
Quality is a term actualised in daily social or working interactions. Despite covering a wide 
range of meanings, the term is difficult to be defined due to its complexity and lack of 
consensus. According to António and Teixeira (2007) “the habitual definitions of quality 
emphasise one of the three perspectives of development of the product or service [..] - 
Process – Results – Consequences” (our translation). Table 1 below, adapted from that same 
work, shows a synthesis of several definitions of quality, under the perspective of products 
or services development. 
 

Author Definition of Quality Perspective 
Shewart 
(1939) It is something subjective or objective Consequences 

Feigenbaum 
(1949) 

It is a management form and must involve the 
participation of everybody and aim at the 
customers 

Process 

Silva (1955) What characterizes a person or thing and 
makes her/it to be different from another Consequences 

Crosby 
(1979) Conformity with the requisites Results 

Ishikawa 
(1985) 

Lack of variation in the characteristics of 
quality Results 

Shingo 
(1986) 

Process of continuous monitoring and 
instrument of potential feedback Process 

Taguchi 
(1986) 

The loss that a product causes to society after 
being shipped and not the losses caused by 
intrinsic functions 

Consequences 

Juran (1988) Adaptation to use Consequences 
Peters 
(1989) 

Never achieved but constantly searched for, 
always aiming at the customer’s needs Results 

Moller 
(1992) 

The quality of the product should not be the 
focus; human resources should Process 

Deming 
(1992) 

The process that leads to results through 
products/services that may be sold to 
costumers who will like them 

Process 

Tribus 
(1993) 

What makes a customer love the product or 
service  Consequences 

ISO 8402 
(1994) All the characteristics of an entity Results 

ISO 9000 
(2000) 

Level of satisfaction of requisites given by a set 
of intrinsic  features Consequences 

Associação 
Portuguesa 

para a 
Qualidade 

(APQ)  

All features of a product or service that 
determine their aptitude to satisfy a certain 
need 

Results 

American 
Society for 

Quality 
Control 
(ASQC) 

Quality is the sum of all the characteristics of a 
product or service that bear on its ability to 
satisfy  certain needs 

Results 

Table 1. Synthesis of the definitions of quality 
 
Quality is still an important issue. It is a factor of competitive advantage which enables the 
institutions to improve their performance in a rapidly changing world. As one of the 
dynamic factors of competitiveness, quality is, undoubtedly, a fundamental pillar of the 
success of the organizations.    
Public institutions have deep responsibilities in society. Their ultimate goal is to meet their 
customers’ needs, as it is the case of both Education and Healthcare, two essential social 
needs. Today, any organization aims at satisfying its customers.     

 
3. The Common Assessment Framework Model  
 

Public organisations have started to implement the principles of quality in a significant way 
(Gaster, 1996) since the 1990’s of the last century.  
To implement a process of change in an organization is a difficult task. Today, one of the 
great competitive advantages of an organization is the quality of its services. Yet, to be able 
to determine the quality of a service one must assess/measure that supposed advantage. 
Public services are no exception: they must be assessed in terms of quality, so that they 
provide a quality service to their customers. 



New	Achievements	in	Technology,	Education	and	Development272

Union launched a project of Quality Management, aiming at the creation of the Common 
Assessment Framework (CAF) (Dearing, Staes and Prorok, 2006; INA, 2006). 
The Common Assessment Framework (CAF) is a self-assessment easy-to-use tool to apply in 
any public service organization, with well-defined and useful practical results (Saraiva, 
2004; Basu, 2004). 
As far as our study is concerned, there were several underlying questions deemed relevant: 
what will the grade of satisfaction of the students and of the internal collaborators be? What 
kind of diagnosis will the internal collaborators and managers of the Academic Services 
make? What are the weak and strong points of the Academic Services? Which improvement 
measures can be devised?  
Our study aims at being the basis of a self-assessment tool to be systematically undertaken 
at the Academic Services of the University of Évora, a tool which will provide a means to 
develop a process of continuous progress, based on a systematic self-assessment. To meet 
this end, answers to the above questions will have to be given regularly.  

 
2. Quality: a general and brief overview 
 

The concept of quality comprises several dimensions, such as the ones dealing with 
assistance and technical/functional features of a product or service, the aesthetic 
appearance, cost, safety and the environment. Being some of these dimensions subjective, 
they are difficult to be measured accurately. Hence, quality must be objectified and 
quantified in such a way as to be measurable and, therefore, controlled (Pires, 2004). 
There are, thus, several definitions of quality, one complementing the other and leading to 
the achievement of excellence. The definition of quality is dependent on the person who 
defines it and on his/her particular goals.  
Given the subjectivity comprised in the definition of quality, it is now imperative to 
harmonize, identify and clarify the concepts underlying our research.     
Quality is a term actualised in daily social or working interactions. Despite covering a wide 
range of meanings, the term is difficult to be defined due to its complexity and lack of 
consensus. According to António and Teixeira (2007) “the habitual definitions of quality 
emphasise one of the three perspectives of development of the product or service [..] - 
Process – Results – Consequences” (our translation). Table 1 below, adapted from that same 
work, shows a synthesis of several definitions of quality, under the perspective of products 
or services development. 
 

Author Definition of Quality Perspective 
Shewart 
(1939) It is something subjective or objective Consequences 

Feigenbaum 
(1949) 

It is a management form and must involve the 
participation of everybody and aim at the 
customers 

Process 

Silva (1955) What characterizes a person or thing and 
makes her/it to be different from another Consequences 

Crosby 
(1979) Conformity with the requisites Results 

Ishikawa 
(1985) 

Lack of variation in the characteristics of 
quality Results 

Shingo 
(1986) 

Process of continuous monitoring and 
instrument of potential feedback Process 

Taguchi 
(1986) 

The loss that a product causes to society after 
being shipped and not the losses caused by 
intrinsic functions 

Consequences 

Juran (1988) Adaptation to use Consequences 
Peters 
(1989) 

Never achieved but constantly searched for, 
always aiming at the customer’s needs Results 

Moller 
(1992) 

The quality of the product should not be the 
focus; human resources should Process 

Deming 
(1992) 

The process that leads to results through 
products/services that may be sold to 
costumers who will like them 

Process 

Tribus 
(1993) 

What makes a customer love the product or 
service  Consequences 

ISO 8402 
(1994) All the characteristics of an entity Results 

ISO 9000 
(2000) 

Level of satisfaction of requisites given by a set 
of intrinsic  features Consequences 

Associação 
Portuguesa 

para a 
Qualidade 

(APQ)  

All features of a product or service that 
determine their aptitude to satisfy a certain 
need 

Results 

American 
Society for 

Quality 
Control 
(ASQC) 

Quality is the sum of all the characteristics of a 
product or service that bear on its ability to 
satisfy  certain needs 

Results 

Table 1. Synthesis of the definitions of quality 
 
Quality is still an important issue. It is a factor of competitive advantage which enables the 
institutions to improve their performance in a rapidly changing world. As one of the 
dynamic factors of competitiveness, quality is, undoubtedly, a fundamental pillar of the 
success of the organizations.    
Public institutions have deep responsibilities in society. Their ultimate goal is to meet their 
customers’ needs, as it is the case of both Education and Healthcare, two essential social 
needs. Today, any organization aims at satisfying its customers.     

 
3. The Common Assessment Framework Model  
 

Public organisations have started to implement the principles of quality in a significant way 
(Gaster, 1996) since the 1990’s of the last century.  
To implement a process of change in an organization is a difficult task. Today, one of the 
great competitive advantages of an organization is the quality of its services. Yet, to be able 
to determine the quality of a service one must assess/measure that supposed advantage. 
Public services are no exception: they must be assessed in terms of quality, so that they 
provide a quality service to their customers. 

The	Use	of	the	Common	Assessment	Framework	Tool:		
Empiric	Study	on	the	University	of	Évora	(Academic	Services) 273

Union launched a project of Quality Management, aiming at the creation of the Common 
Assessment Framework (CAF) (Dearing, Staes and Prorok, 2006; INA, 2006). 
The Common Assessment Framework (CAF) is a self-assessment easy-to-use tool to apply in 
any public service organization, with well-defined and useful practical results (Saraiva, 
2004; Basu, 2004). 
As far as our study is concerned, there were several underlying questions deemed relevant: 
what will the grade of satisfaction of the students and of the internal collaborators be? What 
kind of diagnosis will the internal collaborators and managers of the Academic Services 
make? What are the weak and strong points of the Academic Services? Which improvement 
measures can be devised?  
Our study aims at being the basis of a self-assessment tool to be systematically undertaken 
at the Academic Services of the University of Évora, a tool which will provide a means to 
develop a process of continuous progress, based on a systematic self-assessment. To meet 
this end, answers to the above questions will have to be given regularly.  

 
2. Quality: a general and brief overview 
 

The concept of quality comprises several dimensions, such as the ones dealing with 
assistance and technical/functional features of a product or service, the aesthetic 
appearance, cost, safety and the environment. Being some of these dimensions subjective, 
they are difficult to be measured accurately. Hence, quality must be objectified and 
quantified in such a way as to be measurable and, therefore, controlled (Pires, 2004). 
There are, thus, several definitions of quality, one complementing the other and leading to 
the achievement of excellence. The definition of quality is dependent on the person who 
defines it and on his/her particular goals.  
Given the subjectivity comprised in the definition of quality, it is now imperative to 
harmonize, identify and clarify the concepts underlying our research.     
Quality is a term actualised in daily social or working interactions. Despite covering a wide 
range of meanings, the term is difficult to be defined due to its complexity and lack of 
consensus. According to António and Teixeira (2007) “the habitual definitions of quality 
emphasise one of the three perspectives of development of the product or service [..] - 
Process – Results – Consequences” (our translation). Table 1 below, adapted from that same 
work, shows a synthesis of several definitions of quality, under the perspective of products 
or services development. 
 

Author Definition of Quality Perspective 
Shewart 
(1939) It is something subjective or objective Consequences 

Feigenbaum 
(1949) 

It is a management form and must involve the 
participation of everybody and aim at the 
customers 

Process 

Silva (1955) What characterizes a person or thing and 
makes her/it to be different from another Consequences 

Crosby 
(1979) Conformity with the requisites Results 

Ishikawa 
(1985) 

Lack of variation in the characteristics of 
quality Results 

Shingo 
(1986) 

Process of continuous monitoring and 
instrument of potential feedback Process 

Taguchi 
(1986) 

The loss that a product causes to society after 
being shipped and not the losses caused by 
intrinsic functions 

Consequences 

Juran (1988) Adaptation to use Consequences 
Peters 
(1989) 

Never achieved but constantly searched for, 
always aiming at the customer’s needs Results 

Moller 
(1992) 

The quality of the product should not be the 
focus; human resources should Process 

Deming 
(1992) 

The process that leads to results through 
products/services that may be sold to 
costumers who will like them 

Process 

Tribus 
(1993) 

What makes a customer love the product or 
service  Consequences 

ISO 8402 
(1994) All the characteristics of an entity Results 

ISO 9000 
(2000) 

Level of satisfaction of requisites given by a set 
of intrinsic  features Consequences 

Associação 
Portuguesa 

para a 
Qualidade 

(APQ)  

All features of a product or service that 
determine their aptitude to satisfy a certain 
need 

Results 

American 
Society for 

Quality 
Control 
(ASQC) 

Quality is the sum of all the characteristics of a 
product or service that bear on its ability to 
satisfy  certain needs 

Results 

Table 1. Synthesis of the definitions of quality 
 
Quality is still an important issue. It is a factor of competitive advantage which enables the 
institutions to improve their performance in a rapidly changing world. As one of the 
dynamic factors of competitiveness, quality is, undoubtedly, a fundamental pillar of the 
success of the organizations.    
Public institutions have deep responsibilities in society. Their ultimate goal is to meet their 
customers’ needs, as it is the case of both Education and Healthcare, two essential social 
needs. Today, any organization aims at satisfying its customers.     

 
3. The Common Assessment Framework Model  
 

Public organisations have started to implement the principles of quality in a significant way 
(Gaster, 1996) since the 1990’s of the last century.  
To implement a process of change in an organization is a difficult task. Today, one of the 
great competitive advantages of an organization is the quality of its services. Yet, to be able 
to determine the quality of a service one must assess/measure that supposed advantage. 
Public services are no exception: they must be assessed in terms of quality, so that they 
provide a quality service to their customers. 



New	Achievements	in	Technology,	Education	and	Development274

The CAF model is a Quality Management tool that has evolved along the years and that is 
being increasingly used across Europe. According to a study by the European Institute of 
Public Administration (EIPA) in 2003, CAF had been used by ca. 500 organizations, in 22 
European countries. These data prove that the organizations began to adhere to the 
principles of quality in a significant way, namely after the 1990’s (DGAP, 2005; Lopes and 
Capricho, 2007)   
The Common Assessment Framework (CAF) is a self-assessment easy-to-use tool conceived 
for Public Organizations, with well-defined, useful practical results. 
The CAF model is based on a structure comprising nine criteria to be considered in an 
organizational analysis, out of which 5 deal with the enablers (referring to what the 
organization does) and 4 with the results (referring to the results expected). Each criterion 
has several optional levels of assessment and is further broken down into some sub-criteria, 
which allows the identification of the main issues that must be considered in the assessment, 
as illustrated in Figure 1   
 

 
Fig. 1. Presentation of the CAF model Source: DGAEP (2007) 
 
To undertake an accurate self-assessment by means of the CAF, one must take into 
consideration some phases of its planning, so that the value of the assessment may be 
optimized (DGAP, 2005), as Figure 2 shows. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Phases of application of the CAF model Source: Adapted from DGAP (2005) 
 
First phase - Organisation of the self-assessment process – the steps to be followed are: 

1) To obtain the leader’s commitment and to explain the process of self-assessment – 
the top managers must support the use of CAF and agree with all its underlying 
aspects;  to define the mission of self-evaluation and the actions to be developed 
after the conclusion of the exercise; 

2) To designate a leader to integrate the self-assessment team – the leader must 
provide the self-evaluation team with all the information and documentation 
needed; provide further contacts; hold meetings, etc; 

3) To create the self-assessment team – the self-evaluation process involves the 
constitution of an ad-hoc team which should be representative of the organisation 
(different levels and sectors). This team, desirably small in number, will give an 
accurate and detailed internal perspective of the organisation. The top manager can 
also be the leader of the project; 

1st phase: organisation of 
the self-assessment 
process 

3rd phase Use of the 
results 

to obtain the leader’s commitment 
and to explain the process of self-
assessment 

to begin individual 
assessment 
 

to develop and to 
implement an improvement 
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integrate the self-
assessment team 

 
to create the self-assessment 
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to obtain a consensus 
 

to inform the team on what 
to do and how to do 
 

2nd phase: 
Implementation of the 

self-evaluation process 

to monitor progress and to 
repeat self-assessment 

to establish priorities for the 
improvement process 
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The CAF model is a Quality Management tool that has evolved along the years and that is 
being increasingly used across Europe. According to a study by the European Institute of 
Public Administration (EIPA) in 2003, CAF had been used by ca. 500 organizations, in 22 
European countries. These data prove that the organizations began to adhere to the 
principles of quality in a significant way, namely after the 1990’s (DGAP, 2005; Lopes and 
Capricho, 2007)   
The Common Assessment Framework (CAF) is a self-assessment easy-to-use tool conceived 
for Public Organizations, with well-defined, useful practical results. 
The CAF model is based on a structure comprising nine criteria to be considered in an 
organizational analysis, out of which 5 deal with the enablers (referring to what the 
organization does) and 4 with the results (referring to the results expected). Each criterion 
has several optional levels of assessment and is further broken down into some sub-criteria, 
which allows the identification of the main issues that must be considered in the assessment, 
as illustrated in Figure 1   
 

 
Fig. 1. Presentation of the CAF model Source: DGAEP (2007) 
 
To undertake an accurate self-assessment by means of the CAF, one must take into 
consideration some phases of its planning, so that the value of the assessment may be 
optimized (DGAP, 2005), as Figure 2 shows. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Phases of application of the CAF model Source: Adapted from DGAP (2005) 
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4) To inform the team about what to do and how to do it – the CAF model must be 
presented and the objectives and the nature of the procedures for self-evaluation 
must be explained. The guarantee of no retaliation upon the elements of the team 
must be ensured so that they can express their opinions freely.  

Second phase - Implementation of the self-evaluation process – the stages to be adopted 
are: 

1) To begin individual assessment – the team leader should be at the disposal of the 
other elements during the individual evaluation process. Each member should 
evaluate the organisation accurately, explaining the weak and strong points 
detected by means of the indicators and the punctuation given. 

2) To obtain a consensus – the evaluation team should meet afterwards and agree on 
the punctuation to be given to the sub-criteria. The team leader has an important 
role in this process as the most important and relevant indicators for the 
organisation must be found. 

Third phase – Use of the results – the phases are as follows: 
1) To establish priorities for the improvement process – the organisation board of 

directors must be informed of the self-evaluation records so that the main results of 
the self-evaluation may be identified and analysed. To prepare the action plan, 
there are several questions to be considered: “Where do we want to be in the next 5 
years?” (Objectives) and “What must we do to achieve these goals?” (Strategy/Plan 
of action). The Direction Board will be able to choose the areas to improve and set 
the priorities afterwards. 

2) To devise and to implement an improvement plan – when CAF is used as a starting 
point for a long-term improvement process, evaluation can start by the 
identification of areas that require a simple and rapid intervention. The people that 
have done the self-evaluation must be included in this process. 

3) To monitor progress and to repeat self-assessment – during the implementation of 
changes, it is important to know if the changes have produced the desired positive 
effect and if they are not damaging the activities that were executed properly.  

Bearing in mind that quality management aims to provide the organization with the 
opportunity to learn more about itself and that the quality conceptual framework can be 
applied both in industrial organizations and in all parts of the public sector  (Loffler, 2001; 
António and Teixeira, 2007), any public institution, when applying the CAF model, learns 
how to use a model of organizational analysis, how to practise self-assessment  in a 
continuous and systematic way, how to develop a culture of public service aiming at 
leadership and to foster the strategic management based on the qualification and 
responsibility of people (Swiss, 1992; Morgan and Murgatroyd, 1994; Rago, 1994).     
Considering these aspects, the Academic Services of the University of Évora became a 
suitable option given that it is a front-office service which serves a large community: 
students, teaching and non-teaching staff, managers and administrators, among others. It 
was, therefore, important to make it a pioneer in the process of continuous improvement at 
the University of Évora.  

 

4. Methodology  
 
Participants and procedures  
The Academic Services of the University of Évora, a front-office service, serve a vast 
community of customers composed namely by students, teaching and non-teaching staff, 
managers and administrators, fact that determined their being the first services in the 
university to be assessed.    
When undertaking a process of self-evaluation it is of fundamental importance that the 
parties involved be heard. In this study and in the process of gathering information, 
structured questionnaires, in the form of opinion inquiries were thought to be very useful.    
In 2006/2007 there were 5276 first-cycle students enrolled, and they constituted the basis for 
the representative sample. As for the collaborators (17 individuals) and managers (5 people), 
the questionnaires were applied to the totality of their population. Table 3 illustrates the 
populations, the location of application and the period of the study.  
 

Target Population Population Location of 
application 

Period of 
study 

First-cycle students of the 
University of Évora enrolled in 
2006/2007 

5276 
Buildings of the 
‘Campus’ of the 
University of Évora 

May and 
June, 2007 

Managers of the Academic 
Services of the University of 
Évora 

5 
Saint Augustine 
Building 
University of Évora 

October and 
November, 

2007 

Non-teaching collaborators of 
the Academic Services 17 

Saint Augustine 
Building 
University of Évora 

October and 
November, 

2007 
Table 3. Target populations, location of application and period of study 
 
The questionnaires were elaborated based on the models provided by the General 
Department of Public Administration and Employment (DGAEP) 
There were 896 student valid respondents out of the 1000 questionnaires sent out, which 
means an 89,6% response rate. These questionnaires were applied in classrooms, and 
targeted the curricular units with the greatest number of students enrolled, not less than 20, 
in each degree offered at the university. 17 questionnaires were applied to internal 
collaborators of the services under analysis, corresponding to the totality of them. Out of 
these, there were 15 valid respondents, which represents an 88,24% response rate. All the 
managers were given a diagnosis questionnaire, and the response rate was 80%. 
Collaborators and managers responded in their working locations what may have 
conditioned their answers to certain questions. 
The respondent students were in their majority young, with an average age of 22 years, 
being 65,9% between 20-29 years old. 93.3% of them were single, 63.6% were female and 
89.5% were regular students.  
The internal collaborators and managers of the Academic Services are in their majority 
young adults, with an average age of 35 years; 67% and 75%, respectively, are married. 
Female collaborators and managers represent 78% and 100%, respectively, and are 
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academically qualified: 70% of the collaborators declared to have the 12th grade and 30% 
declared to have a graduate degree; 100% of the managers have a graduate degree.  
Variables 
The variables considered in this study were the four criteria of enablers of the Common 
Assessment Framework (CAF), namely leadership, planning and strategy, people 
management and management of processes. 
The Leadership criterion assists people in making a diagnosis and in assessing the way 
leaders develop actions and behaviours when implementing the management system of the 
organisation. The criterion of planning and strategy is useful to know how the organisation 
implements its mission, vision and values, thus allowing a diagnosis of whether the strategy 
is based on adequate policies, plans, objectives and processes. The criterion of people 
management is the support and the competitive advantage of the organisations, hence it is 
crucial to know how the organization manages, develops and transfers knowledge and the 
people potential, and assess their degree of satisfaction. With the criterion of management of 
processes and change one seeks to make a diagnosis and an evaluation of the processes, how 
the organisation conceives, manages and improves its processes.  The analysis of these four 
criteria of the CAF model was made with the purpose of obtaining strong and weak points 
and improvement actions. This way the Academic Services will learn more about 
themselves and will improve quality.   
The three questionnaires contained closed, mixed and /or overt questions and the four 
criteria of enablers of the CAF model were applied, namely leadership, planning and 
strategy, people management and management of processes and change management, as 
illustrated in Figure 3 below.  
Instruments 
To obtain the necessary information, three structured questionnaires as opinion enquiries 
were applied. A first questionnaire of satisfaction was applied to the students; a second 
questionnaire of satisfaction and diagnosis was applied to the internal collaborators and a 
third questionnaire of diagnosis was applied to the managers of Academic Services. These 
instruments were created based on the bibliographic revision and on the models available at 
DGAEP (DGAP, 2005; DGAEP, 2007). 
Data analysis 
The questions on the three questionnaires were closed, mixed and/or overt. For the overt 
questions the steps indicated by Lincoln and Guba (1985) were followed. Both the 
methodology suggested by Bardin (1984) and by Creswell (1984) and the associative 
analysis of Osgoog (in Vala, 1989) were also used. A posteriori categorization system was 
created with the purpose to obtain a simpler representation of raw data. It is a common 
belief that using this system the transcription of the reality does not change. The criterion 
used in the categorization was Semantic. Thematic categories were created and 
compounded by a key-word. The indicators allow the revelation and codification of the 
indexes associated to the registration units. For closed questions, data were treated with 
descript statistics techniques, by means of SPSS software (version 15.0).  
To analyse the variables (4 criteria of enablers of CAF: leadership, planning and strategy, 
people management and management of processes), the generic model was adopted, as 
illustrated by Figure 3 below. 
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academically qualified: 70% of the collaborators declared to have the 12th grade and 30% 
declared to have a graduate degree; 100% of the managers have a graduate degree.  
Variables 
The variables considered in this study were the four criteria of enablers of the Common 
Assessment Framework (CAF), namely leadership, planning and strategy, people 
management and management of processes. 
The Leadership criterion assists people in making a diagnosis and in assessing the way 
leaders develop actions and behaviours when implementing the management system of the 
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implements its mission, vision and values, thus allowing a diagnosis of whether the strategy 
is based on adequate policies, plans, objectives and processes. The criterion of people 
management is the support and the competitive advantage of the organisations, hence it is 
crucial to know how the organization manages, develops and transfers knowledge and the 
people potential, and assess their degree of satisfaction. With the criterion of management of 
processes and change one seeks to make a diagnosis and an evaluation of the processes, how 
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and improvement actions. This way the Academic Services will learn more about 
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illustrated in Figure 3 below.  
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instruments were created based on the bibliographic revision and on the models available at 
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created with the purpose to obtain a simpler representation of raw data. It is a common 
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academically qualified: 70% of the collaborators declared to have the 12th grade and 30% 
declared to have a graduate degree; 100% of the managers have a graduate degree.  
Variables 
The variables considered in this study were the four criteria of enablers of the Common 
Assessment Framework (CAF), namely leadership, planning and strategy, people 
management and management of processes. 
The Leadership criterion assists people in making a diagnosis and in assessing the way 
leaders develop actions and behaviours when implementing the management system of the 
organisation. The criterion of planning and strategy is useful to know how the organisation 
implements its mission, vision and values, thus allowing a diagnosis of whether the strategy 
is based on adequate policies, plans, objectives and processes. The criterion of people 
management is the support and the competitive advantage of the organisations, hence it is 
crucial to know how the organization manages, develops and transfers knowledge and the 
people potential, and assess their degree of satisfaction. With the criterion of management of 
processes and change one seeks to make a diagnosis and an evaluation of the processes, how 
the organisation conceives, manages and improves its processes.  The analysis of these four 
criteria of the CAF model was made with the purpose of obtaining strong and weak points 
and improvement actions. This way the Academic Services will learn more about 
themselves and will improve quality.   
The three questionnaires contained closed, mixed and /or overt questions and the four 
criteria of enablers of the CAF model were applied, namely leadership, planning and 
strategy, people management and management of processes and change management, as 
illustrated in Figure 3 below.  
Instruments 
To obtain the necessary information, three structured questionnaires as opinion enquiries 
were applied. A first questionnaire of satisfaction was applied to the students; a second 
questionnaire of satisfaction and diagnosis was applied to the internal collaborators and a 
third questionnaire of diagnosis was applied to the managers of Academic Services. These 
instruments were created based on the bibliographic revision and on the models available at 
DGAEP (DGAP, 2005; DGAEP, 2007). 
Data analysis 
The questions on the three questionnaires were closed, mixed and/or overt. For the overt 
questions the steps indicated by Lincoln and Guba (1985) were followed. Both the 
methodology suggested by Bardin (1984) and by Creswell (1984) and the associative 
analysis of Osgoog (in Vala, 1989) were also used. A posteriori categorization system was 
created with the purpose to obtain a simpler representation of raw data. It is a common 
belief that using this system the transcription of the reality does not change. The criterion 
used in the categorization was Semantic. Thematic categories were created and 
compounded by a key-word. The indicators allow the revelation and codification of the 
indexes associated to the registration units. For closed questions, data were treated with 
descript statistics techniques, by means of SPSS software (version 15.0).  
To analyse the variables (4 criteria of enablers of CAF: leadership, planning and strategy, 
people management and management of processes), the generic model was adopted, as 
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academically qualified: 70% of the collaborators declared to have the 12th grade and 30% 
declared to have a graduate degree; 100% of the managers have a graduate degree.  
Variables 
The variables considered in this study were the four criteria of enablers of the Common 
Assessment Framework (CAF), namely leadership, planning and strategy, people 
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The Leadership criterion assists people in making a diagnosis and in assessing the way 
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organisation. The criterion of planning and strategy is useful to know how the organisation 
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management is the support and the competitive advantage of the organisations, hence it is 
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people potential, and assess their degree of satisfaction. With the criterion of management of 
processes and change one seeks to make a diagnosis and an evaluation of the processes, how 
the organisation conceives, manages and improves its processes.  The analysis of these four 
criteria of the CAF model was made with the purpose of obtaining strong and weak points 
and improvement actions. This way the Academic Services will learn more about 
themselves and will improve quality.   
The three questionnaires contained closed, mixed and /or overt questions and the four 
criteria of enablers of the CAF model were applied, namely leadership, planning and 
strategy, people management and management of processes and change management, as 
illustrated in Figure 3 below.  
Instruments 
To obtain the necessary information, three structured questionnaires as opinion enquiries 
were applied. A first questionnaire of satisfaction was applied to the students; a second 
questionnaire of satisfaction and diagnosis was applied to the internal collaborators and a 
third questionnaire of diagnosis was applied to the managers of Academic Services. These 
instruments were created based on the bibliographic revision and on the models available at 
DGAEP (DGAP, 2005; DGAEP, 2007). 
Data analysis 
The questions on the three questionnaires were closed, mixed and/or overt. For the overt 
questions the steps indicated by Lincoln and Guba (1985) were followed. Both the 
methodology suggested by Bardin (1984) and by Creswell (1984) and the associative 
analysis of Osgoog (in Vala, 1989) were also used. A posteriori categorization system was 
created with the purpose to obtain a simpler representation of raw data. It is a common 
belief that using this system the transcription of the reality does not change. The criterion 
used in the categorization was Semantic. Thematic categories were created and 
compounded by a key-word. The indicators allow the revelation and codification of the 
indexes associated to the registration units. For closed questions, data were treated with 
descript statistics techniques, by means of SPSS software (version 15.0).  
To analyse the variables (4 criteria of enablers of CAF: leadership, planning and strategy, 
people management and management of processes), the generic model was adopted, as 
illustrated by Figure 3 below. 
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The majority of the managers used to work in other services of the university and have 
academic qualifications to perform the tasks assigned to them.      

 
5.1 Results obtained from the students  
The undergraduate students of the University of Évora were, in their majority, young, 
single and female. 89.5% of respondents were regular undergraduate students. The 
majority of them were satisfied with both the performance and the global image of the 
Academic Services. Nevertheless, the majority of them revealed indifference towards the 
item concerning the diligence of corrective measures.  
Students in general were satisfied with the accessibilities and with the services provided by 
the Academic Services. Results also showed that some had no opinion about some of the 
services delivered, mostly because they had never felt the need to use them. 
The weak points identified had to do with office hours and waiting times, mainly. However, 
the suggestions they presented covered the following needs: further information on their 
curricula transition to Bologna, rapid and efficient answers to the questions asked, a better 
personalised reception, more efficient means for the announcement of important 
information and deadlines, less ‘ambiguous’ application forms, more computer terminals, 
better accessibilities for handicapped people; different location in the city centre with 
parking places, decentralization of the services (e.g. an office at every building of the 
University), introduction of other forms of payment besides credit or debit cards and 
cheques, payment of fees at the academic services, availability of timetables prior to the 
enrolment period; better furniture in reception desks. 

  
5.2 Results obtained from the collaborators  
The majority of collaborators are female, married and with an average age of 35 years. They 
are academically qualified and have long worked in these services, in which most of them 
were directly integrated.  
Results show that the communication processes and the involvement of interested parties in 
the definition of the vision, mission and values of the services must be improved. It is clear 
that there is the need to establish the values and conduct codes of the organization, to set out 
both the strategic and the operational goals (in a short term) and to implement the actions 
deriving from the transformation of its vision and mission. 
The collaborators of the Academic Services stated that their director is a good leader, in spite 
of the fact that he does not promote them, does not support training actions necessary for 
the improvement of organisational performance and does not discuss their individual 
performance with them. Some stated that there is not leadership by example. These 
collaborators are not involved in the elaboration of the plan of activities nor in the strategic 
objectives adopted or to be adopted by the University or the services. There is not effective 
negotiation regarding the objectives and priorities of their sector. Regardless of this, though, 
they give their opinion as they consider it important. 
Planning and strategy implementation in the Academic services is considered defective, as it 
does not involve all the staff. The practice of hosting and integrating the collaborators seems 
to be positive, although in need of improvement. There is a lot to do in the area of 
management and career development as well as in the area of professional training. It seems 

that collaborators do not wish to answer these questions by lack of interest, motivation or 
any other factor which when spoken out would be dismissed as a mere conjecture.   
The involvement of people by developing open dialogue and empowerment may be 
considered a weak point in the Academic Services, as the autonomy granted seems to be 
insufficient; responsibilities are not delegated to collaborators and the involvement of 
people is observed only in the internal communication and consensus between collaborators 
and managers on the objectives to achieve by the department.    
The collaborators think that the global image of the Academic Services is good, irrespective 
of two weak points which they consider must be urgently improved: telecommunications 
and the electronic sending of forms. They demand a more efficient modernisation, more 
technical means and more qualified human resources. Although globally not satisfied, they 
recognise that the social role played by the services needs to be improved. Management and 
the management system need to be improved urgently in the areas of rewards, 
implementation and application of the assessment system, including the definition of 
individual and shared objectives     
They are globally satisfied with their working conditions. The only weak point stated is the 
inequality of opportunities regarding promotions. The level of satisfaction in this domain is 
not very high, which means that the Academic Services must focus their attention on 
developing the human resources management policies and on creating the opportunities for 
the development of new competences.  
They are not motivated for lifelong learning, nor do they like change. They prefer 
teamwork. Motivation strategies must be devised so as to engage them in lifelong learning, 
a practice of crucial importance in any organization. 
Equipment is satisfactory, but should be improved. Hygiene and safety conditions should 
also be intervened. The leadership styles of both the principal manager and of the 
intermediate ones are different, the collaborators revealing a higher level of satisfaction with 
the latter. This may be due to a closer relationship between collaborators and intermediate 
managers.   
The suggestions presented reveal that quality must be based on the modernization of the 
services and on the allocation of more human resources. 

 
5.3 Results obtained from the managers 
All managers are female, the majority is married and their average age is 35 years. The 
manager board comprises academically qualified managers, with a professional experience 
superior to 10 years and working at the University of Évora, on average terms, for more 
than 16 years. The manager board is fully aware of the importance of the mission and vision 
of both the University and of the Academic Services. 
The vision has its focus on the maximum attainable quality by means of modern acts of 
management and efficient work. The values defended by the Academic Services are not 
clear despite the perception that they must be focussed on experience and on quality. The 
strategic goals of this service are acknowledged by everyone, but they are not consensual. 
For the managers these goals can either be an improvement on the relationship with the 
community or a constant improvement of the services delivered to the students and to the 
teaching staff. 
The mission and vision of the Academic Services are not clearly transformed into strategic 
and operational goals or into actions.  
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not very high, which means that the Academic Services must focus their attention on 
developing the human resources management policies and on creating the opportunities for 
the development of new competences.  
They are not motivated for lifelong learning, nor do they like change. They prefer 
teamwork. Motivation strategies must be devised so as to engage them in lifelong learning, 
a practice of crucial importance in any organization. 
Equipment is satisfactory, but should be improved. Hygiene and safety conditions should 
also be intervened. The leadership styles of both the principal manager and of the 
intermediate ones are different, the collaborators revealing a higher level of satisfaction with 
the latter. This may be due to a closer relationship between collaborators and intermediate 
managers.   
The suggestions presented reveal that quality must be based on the modernization of the 
services and on the allocation of more human resources. 

 
5.3 Results obtained from the managers 
All managers are female, the majority is married and their average age is 35 years. The 
manager board comprises academically qualified managers, with a professional experience 
superior to 10 years and working at the University of Évora, on average terms, for more 
than 16 years. The manager board is fully aware of the importance of the mission and vision 
of both the University and of the Academic Services. 
The vision has its focus on the maximum attainable quality by means of modern acts of 
management and efficient work. The values defended by the Academic Services are not 
clear despite the perception that they must be focussed on experience and on quality. The 
strategic goals of this service are acknowledged by everyone, but they are not consensual. 
For the managers these goals can either be an improvement on the relationship with the 
community or a constant improvement of the services delivered to the students and to the 
teaching staff. 
The mission and vision of the Academic Services are not clearly transformed into strategic 
and operational goals or into actions.  
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The assessment made by the managers reveals that the management system has to undergo 
a thorough analysis, evaluation and implementation, as there is a lack of important, 
measurable mechanisms and systems of assessment and of management of the total quality. 
The leadership style of each manager motivates the collaborators. The managers do not take 
part in the process of change of their respective sectors. They do not take part in the process 
of change in the sectors they manage. Each one of them is responsible for the 
implementation of any initiative considered relevant for the motivation of the collaborators 
and for the incentives that promote creativity and people’s performance.     
The Academic Services make use of adequate mechanisms to develop, revise and upgrade 
planning and strategy. To implement planning and strategy, their managers take 
simultaneous measures in their respective sectors. Common to all of them is the definition of 
responsibilities. The Academic Services need more collaborators. There are mechanisms to 
recognise exceptional performances. Planning, management and human resources 
improvement go hand in hand with the planning and the strategy defined for each sector. 
The Academic Services, although in an incipient, not very explicit way, identify and develop 
the people’s competences in articulation with the organisational objectives and goals, be 
they individual or collective.      
Results show a certain involvement of people in the definition of plans and strategies for 
their sectors, assuming responsibility for them. Improvement measures for processes are not 
identified. The new procedures are evaluated, a criterion that constitutes a weak point of the 
Academic Services. As a culture of resistance to change is nonexistent, it must be used to 
implement change practices.  Benchmarking is yet to be exploited. Modernization will not 
occur unless the sectors are provided with essential means, involving all parties in the 
process. The assessment of the modernisation process must be transparent, purposeful and 
measurable. 

 
5.4 Collaborators’ opinions versus managers’ opinions 
When data provided by the collaborators and the managers are crossed, one sees that there 
is still a long way to go in the way the organization leaders develop and proceed on with the 
necessary mission, vision and values that will sustain the success of the academic Services in 
the long run.    
From the data collected in the abovementioned questionnaires the generic model underlying 
this study can be completed, as in Figure 4. 

 
6. Conclusions 
 

Quality exists and can be defined according to the interest shown by those who refer to it or 
by those who are willing to make use of it (Morgan and Murgatroyd, 1994). There are, in 
fact, tools to measure quality and the CAF model used in this research work is living proof. 
Quality, being a factor of competitiveness, must be assessed continuously as this is the only 
way to establish the difference between organisations that promote quality and excellence 
and those that do not do so (Swiss, 1992; Rago, 1994; Kaboolian, 1999; Scharitzer and 
Kornda, 2000; Loffler, 2001). 
In general terms, the study undertaken reveals that the mission and vision of the University 
of Évora are acknowledged by all respondents; that the managers are receptive to change 
unlike the collaborators who tend to be a barrier to change. Moreover, it shows that there is 

 

a good leadership, regardless of the lack of a collective involvement in the negotiation of 
objectives, of the participation of collaborators in the planning or in the definition of the 
strategy of the services. Leaders do not delegate responsibilities and the participation of 
managers in the processes does not seem to be a priority. People are not motivated to take 
training actions.  
Consequently, the Academic Services now have some indicators on how to improve their 
image, accessibilities and performance. This is the right way to proceed on, knowing exactly 
where to go and what to achieve: excellence in the services delivered.  
Due to some constraints, namely the ones related to lack of time and shortage of Human 
Resources, only some questionnaires were applied, contrary to the recommendations of the 
General Department of Public Administration and Employment (DGAEP) Thus, it is our 
intention to further this study based on a more representative sample of respondents 
teaching and working at the University of Évora and at other Institutions of Higher 
Education. The comparison to be established will certainly highlight the use of good 
practices. 
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 inadequate opening hours and long awaiting time  
 collaborators are not given sufficient autonomy  
 inadequate telecommunications system 
 deficient sending of electronic forms  
 inadequate facilities to address customers’ needs 
 customers spend too much time awaiting information 
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 collaborators are not motivated to engage in continuous  training  
 collaborators resist to change 
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Fig. 4. Self-Assessment model of the Academic Services of the University of Évora 
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1. Introduction 
 

The provision of information and expertise was always a primary task of computer-
supported learning systems. In the days of the overwhelming data and information burst of 
the 21st century, new and innovative handling approaches are necessary. With every single 
day, the importance of the statement of John Naisbitt increases, who once said that the 
human mankind is drowning in information, but starving for knowledge.  
Because of this, new and improved mechanisms are necessary to adequately provide e-
Learning content. Semantic Web technologies, especially ontologies, are seen as the key 
approach with tremendous potential to future applications (Hendler, 2008).  
After a short introduction to these technologies, this chapter will propose new solutions for 
an ontology-based e-Learning content provision.  

 
2. Semantic Web  
 

Semantics (from the Greek word semantikos = significant) in general is the meaning of 
something or more specifically the study of meaning (Encyclopædia Britannica - Online, 
2008). Often, additional information is needed to shift from information processing to 
knowledge processing. Those semantic annotations provide the technological basis for many 
advanced applications. Semantic support is needed for different reasons, e.g.: 

o To make the Web (and other information providing systems) more machine-
understandable (Heflin and Hendler, 2001) 

o To provide an infrastructure for intelligent agents (Hendler, 2001); (Cost et al., 
2002) 

o To explicitly declare knowledge for access, integration and extraction purposes 
(Gómez-Pérez and Corcho, 2002) 

o To support automation, integration and reuse across applications and domains 
(Boley et al., 2001) 

o To make Web Services computer interpretable (Narayanan and McIlrath, 2001) 
The realization of annotations ranges from simple metadata to the definition of semantics in 
the vision of a Semantic Web (Antoniou and van Harmelen, 2004).  

18



New	Achievements	in	Technology,	Education	and	Development286

Shewhart, W. (1939). Statistical method from the viewpoint of quality control, New York: 
Dover. 

Shingo, S. (1986). Zero quality control: source inspection and the poka-yoka system, Cambridge, 
MA: Productivity Press. 

Silva, F- J. (1955). Dicionário da língua portuguesa, Porto: Livraria Simões Lopes. 
Silva, J. O. (2000). “Qualidade, Cidadania e Modernização Administrativa”. Revista 

Portuguesa de Administração e Políticas Públicas. I(1): 106-111. 
Skelcher, C. (1992). “Improving the Quality of Local Public Services”. The Service Industries 

Journal. 12(4): 463-477. 
Swiss, J. E. (1992). “Adapting Total quality Management (TQM) to Government”. Public 

Administration Review. 54: 356-362. 
Taguchi, G. (1986). Introduction to quality engineering, New York: White Plains. 
Tribus, M. (1993). ‘Quality management in education’, Journal for Quality & Participation, 

Vol.16, n.º1, Jan/Feb, 12-21 
Vala, J. (1989). A análise de conteúdo. In A. S. Silva e J. M. Pinto (Orgs.). Metodologia das 

ciências sociais. 3.ª ed. Porto: Edições Afrontamento. 

Semantics-Enhanced	E-Learning	Courses 287

Semantics-Enhanced	E-Learning	Courses

Steffen	Mencke	and	Reiner	Dumke

X 
	

Semantics-Enhanced E-Learning Courses 
 

Steffen Mencke and Reiner Dumke 
Otto-von-Guericke University Magdeburg 

Germany 

 
1. Introduction 
 

The provision of information and expertise was always a primary task of computer-
supported learning systems. In the days of the overwhelming data and information burst of 
the 21st century, new and innovative handling approaches are necessary. With every single 
day, the importance of the statement of John Naisbitt increases, who once said that the 
human mankind is drowning in information, but starving for knowledge.  
Because of this, new and improved mechanisms are necessary to adequately provide e-
Learning content. Semantic Web technologies, especially ontologies, are seen as the key 
approach with tremendous potential to future applications (Hendler, 2008).  
After a short introduction to these technologies, this chapter will propose new solutions for 
an ontology-based e-Learning content provision.  

 
2. Semantic Web  
 

Semantics (from the Greek word semantikos = significant) in general is the meaning of 
something or more specifically the study of meaning (Encyclopædia Britannica - Online, 
2008). Often, additional information is needed to shift from information processing to 
knowledge processing. Those semantic annotations provide the technological basis for many 
advanced applications. Semantic support is needed for different reasons, e.g.: 

o To make the Web (and other information providing systems) more machine-
understandable (Heflin and Hendler, 2001) 

o To provide an infrastructure for intelligent agents (Hendler, 2001); (Cost et al., 
2002) 

o To explicitly declare knowledge for access, integration and extraction purposes 
(Gómez-Pérez and Corcho, 2002) 

o To support automation, integration and reuse across applications and domains 
(Boley et al., 2001) 

o To make Web Services computer interpretable (Narayanan and McIlrath, 2001) 
The realization of annotations ranges from simple metadata to the definition of semantics in 
the vision of a Semantic Web (Antoniou and van Harmelen, 2004).  

18



New	Achievements	in	Technology,	Education	and	Development288

 

2.1 Core Idea 
The Semantic Web is no alternative to the current World Wide Web, but a logic extension. 
The machine-accessibility, as envisioned by Berners-Lee (Berners-Lee et al., 2001), as well as 
the implementation of metadata within and about the Web are necessary. They are a next 
step following the already outlined structured description of content. 
In (Daconta et al., 2003) four different levels of data handling towards the Semantic Web are 
described. 

o Text and Databases: Such data sets are application-specific. The automated usage is 
not always intended and automatic reasoning is rarely possible. 

o XML documents of a certain domain: Thereby, application independence can be 
achieved for a special domain. Vertical XML standards support data exchange 
between applications of the same domain. 

o Taxonomies and documents with several standards: Data representations with 
taxonomies and multiple standards support the easy search and combination of 
data. 

o Ontologies and rules: Ontologies and rules basing on them, allow the extraction of 
new knowledge based on existing data by logic reasoning. The data is atomically 
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Figure 1 shows the layers of the Semantic Web design and vision according to Tim Berners-
Lee. Every layer provides the necessary functionality for the layers above. XML is used to 
basically encode documents and RDF to define simple statements about the resource. They 
form the basis for more powerful ontology languages for more complex relationships. On 
the logic layer additional information can be defined to write application-specific declarative 
knowledge. The representation of proofs and proof validation can be performed on the 
proof layer involving a deductive process. The trust layer on top introduces trust for agents, 
agencies and consumers by defining digital signatures and other kinds of knowledge 
(Antoniou and van Harmelen, 2004). 

 

2.2 Ontologies 
Ontologies are a fundamental concept of the Semantic Web. The word ontology is originally 
Greek: ontos for being and logos for word (Devedžić, 2006). It is the study of the categories 
of things within a domain (Sowa, 2000). Together with explicit representations of the 
semantics of data for machine-accessibility, such domain theories are the basis for intelligent 
next generation applications for the Web and other areas of interest (Devedžić, 2006) with a 
special focus on knowledge sharing and reuse. Furthermore they define, e.g.: 

o A vocabulary for the unambiguous meaning (Chandrasekaran et al., 1999) 
o A taxonomy for classification of entities (Devedžić, 2006) 
o Content theory, due to the definition of classes of objects, relations and concept 

hierarchies (Chandrasekaran et al., 1999) 
o Enabling consistency checking (Devedžić, 2006) 

Top-level application areas identified by (Fikes, 1998) are collaboration, interoperability, 
education and modelling. Application domains are not limited, too. Ontologies are useful, 
wherever semantic information can enhance certain tools, products or processes (e.g. e-
Learning ((Devedžić, 2006); (Mencke and Dumke, 2007b)), Virtual Engineering (Vornholt 
and Mencke, 2008) …). 
Based on the definition by (Gruber, 1993), ontologies are defined as a specification of a 
conceptualization. Or in other words: they are the formal representation of an abstract view 
of the world. They include a vocabulary, taxonomy, instances, attributes, relations and 
axioms about a certain domain. 
A vocabulary defines terms with unambiguous meanings. Furthermore, logical statements 
for the description of terms and rules for their combination and relation are provided. A 
taxonomy is part of the ontology concept for a hierarchical classification in a machine-
processable form. Individuals/instances represent the objects of the ontology and thereby 
the available knowledge, while classes/concepts describe abstract sets of individuals. 
Attributes can be assigned to instances for description. They have a name and value. The 
last key element of ontologies is the relation. It can be described by using attributes and 
assigning another individual as a value. Common relation types are the is-a relation 
(subsumption relation) and the part-of relation (meronymy relation). The possibility to 
define domain-specific relations is a considerable additional value of the concept of an 
ontology. Axioms are always true and represent knowledge that is not inferable from other 
individuals.  
It is possible to distinguish ontologies in two broad categories: lightweight and heavyweight 
ontologies. A lightweight ontology is described by individuals, classes, attributes, relations 
and axioms, meanwhile heavyweight ontologies are an extension of lightweight ones by the 
additional usage of axioms for a more detailed domain description. 
Technologies for semantic annotations differ in their semantic expressiveness. Figure 2 
shows the ontology spectrum following (Daconta et al., 2003). Complex tasks within the 
Semantic Web require standards for the representation of data and metadata. The most 
important standards are the Resource Description Framework (RDF) and its extensions like 
the DARPA Agent Markup Language (DAML) + Ontology Inference Layer (OIL) and the 
Web Ontology Language (OWL). 
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2.3 Web Ontology Language 
The Web Ontology Language is an XML-based ontology language. It was developed by the 
W3C to replace the DARPA Agent Markup Language and Ontology Inference Layer 
(DAML+OIL), another – already deprecated – ontology language ((Cost et al., 2002]); 
(Daconta et al., 2003); (Devedžić, 2006)). Additional information about DAML+OIL as well 
their root ontology languages DAML-ONT and OIL can be found e.g. in (Hendler and 
McGuinness, 2000) as well as (Fensel et al., 2001).  
OWL bases on the Resource Description Framework – a language to describe data about 
entities in terms of object-attribute-value triplets. Every RDF resource is a list of such 
triplets, also called statements. Thereby, the object is a Web resource, the attribute one of its 
properties and the value a literal or other resource (World Wide Web Consortium (W3C), 
2004a). As being part of the layered Semantic Web approach (shown in Figure 1), RDF uses 
XML syntax. 
OWL can be seen as a set of RDF-triples of an OWL-specific vocabulary with an OWL-
specific meaning (World Wide Web Consortium (W3C), 2004b). OWL consists of three 
levels. The easier ones are completely part of the more complex ones: 

o OWL Full: Is a complete OWL-language. For example, a class can be a set of 
individuals as well as an individual itself. 

o OWL DL (Description Logic): OWL DL is a limited OWL. Here, e.g. classes cannot 
be individuals. It is possible to use more expressive cardinalities. 

o OWL Lite: It is the simplest OWL language. Here, only simple cardinalities are 
possible. 

Already OWL Lite is capable to define an ontology of classes, attributes as well as instances 
of these classes and attributes. OWL DL extends this expressiveness by the possibility of 
more powerful cardinalities being not limited to only 0 or 1. Furthermore, the creation of 

 

classes with boolean operators and lists is possible. OWL Full represents the complete 
capabilities of all OWL language layers. Classes for example, can be interpreted as sets as 
well as an individual (Daconta et al., 2003). 
An example is given in Figure 3 (graphical representation) and Figure 4 (XML-based 
representation). 
 

 
 

Fig. 3. Graphical Representation of an OWL 
Example 

Fig. 4. XML-Based Representation of 
an OWL Example 

 
3. E-Learning and E-Learning Content Assembly  
 

Especially e-Learning is nowadays one of the most interesting of the “e-”domains available 
through the Internet (Anghel and Salomie, 2003). In general, it refers to a wide range of 
applications and processes designed to deliver instruction through computational means 
(Juneidi and Vouros, 2005). It is seen as a technology-based learning alternative respectively 
extension to the classic classroom model (Giotopoulos et al., 2005).  

 
3.1 E-Learning 
Following the American Society for Training & Development (ASTD), e-Learning is the 
electronic support of learning processes and covers a wide set of applications and processes, 
such as Web-based learning, computer-based learning, virtual classrooms, and digital 
collaboration (American Society for Training & Development (ASTD), 2008). 
E-Learning is not intended to exclude existing methods and technologies. An appropriate 
use might complement them (Anghel and Salomie, 2003), e.g. as Blended Learning where e-
Learning and traditional presence learning are merged (Schmietendorf and Mencke, 2008). 
Current technical and technological progress and development lead to an increased usage of 
collaborative environments and distributed learning techniques. Nevertheless, it bases on 
classic learning theories and complements well established learning and teaching 
approaches.  
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Fig. 3. Graphical Representation of an OWL 
Example 

Fig. 4. XML-Based Representation of 
an OWL Example 

 
3. E-Learning and E-Learning Content Assembly  
 

Especially e-Learning is nowadays one of the most interesting of the “e-”domains available 
through the Internet (Anghel and Salomie, 2003). In general, it refers to a wide range of 
applications and processes designed to deliver instruction through computational means 
(Juneidi and Vouros, 2005). It is seen as a technology-based learning alternative respectively 
extension to the classic classroom model (Giotopoulos et al., 2005).  

 
3.1 E-Learning 
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collaboration (American Society for Training & Development (ASTD), 2008). 
E-Learning is not intended to exclude existing methods and technologies. An appropriate 
use might complement them (Anghel and Salomie, 2003), e.g. as Blended Learning where e-
Learning and traditional presence learning are merged (Schmietendorf and Mencke, 2008). 
Current technical and technological progress and development lead to an increased usage of 
collaborative environments and distributed learning techniques. Nevertheless, it bases on 
classic learning theories and complements well established learning and teaching 
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A general view on e-Learning systems, involved roles and components is visualized in 
Figure 5. Technically, it can be for example implemented following the classic client/server 
principle, agent technology (Mencke and Dumke, 2007a) or Grid-based approaches 
(Pankratius and Vossen, 2003). 
 

 
Fig. 5. General e-Learning System and Involved Roles (IMS Global Learning Consortium, 
Inc., 2003b) 
 
In a typical learning environment, learners, authors, trainers and administrators are the 
main groups ((Pankratius et al., 2004); (Giotopoulos et al., 2005)). Sometimes these roles 
overlap, so trainers and authors can be the same person, especially for small e-Learning 
systems. The content to be presented is created by the authors using authoring systems, 
stored in the learning management system (LMS) and thereby made available for the learner 
via a run-time system. The administrator’s role is about the maintenance of the e-Learning 
system’s core. He sets up, configures, updates and maintains the L(C)MS. Especially for 
larger applications additional roles can be identified e.g.: content expert, instructional 
designer, programmer, graphic artist and project manager (Giotopoulos et al., 2005). The 
role of learners as content consumers is obviously clear. 

 
3.2 Existing Approaches for E-Learning Content Assembly Support 
Already established concepts for e-Learning content aggregation are existing standards and 
specification as well as educational modelling languages. They shift the focus from a 
content-oriented design to process orientation (Gruber, 1993). Chosen existing approaches 
are listed below.  

o IMS Learning Design (IMS Global Learning Consortium, Inc., 2003a) 
o SCORM Content Aggregation Model (Advanced Distributed Learning (ADL), 

2006) 
o Educational Modelling Language (Koper, 2001) 
o Learning Material Markup Language (Süss, 2000) 
o PALO (Rodríguez-Artacho and Maíllo, 2004) 
o Instructional Material Description Language (Gaede, 2000) 
o Essen Learning Model (Pawlowski, 2001) 

 

The relevance of ontologies to describe learning scenarios is motivated in (Helic, 2005), too. 
Here, the author proposes an ontology-based configuration mechanism with the help of 
didactically-sound information. Additionally, a plan is described to integrate special 
ontology relations for the sequencing of teaching activities:  

o Local to the learning scenario 
o Relations of didactical aspects to system features 

o Global to the learning scenario 
o Temporal relations between activities (is-preceded-by, is-followed-by) 
o Structural relations to model compositions of activities (part-of) 
o Specializations of activities (kind-of) 

Another difference is that the authors to provide a specialised extension of their WBTMaster 
system instead of targeting the provision of general expert knowledge. In (Pawlowski, 2005), 
the author describes the Didactical Object Model (DIN DOM) developed within the German 
Standardization Body. It identifies the following major components to be important for the 
efficient exchange and reuse of didactical expertise:  

o Context: to describe the (intended) environment for the scenario 
o Actors: to model individuals, groups or agents within the scenario 
o Activities: to describe the didactical concepts within an activity structure 
o Resource: as the materials and services that are required for the scenario 

Special needed sub-ontologies are already developed. As an example, there is a model of 
instructional objects in (Ullrich, 2004). Each concept represents a particular instructional role 
of a learning resource. But these roles are only implicitly modelled. Figure 6 summarizes the 
instructional objects defined by the author.  
 

 
Fig. 6.  Class Hierarchy of Didactical Objects (Ullrich, 2004) 
 
Additional theoretical foundations are analyzed by ((Meder, 2001); (Meder, 2006) and (Borst, 
2006)). There, additional usable taxonomies are described. They namely focus on knowledge 
types, presentation media, communication media, matter of fact relations, communication 
contribution cooperative objects as well as transactions / assignments. But for ontology-
based assembly they are not yet suitable.  
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4. Ontology-Based E-learning Course Descriptions 
 

Following (Mencke et al., 2008d), authoring and learning are the most complex e-Learning 
processes. There are high degrees of freedom for the process’ activities as well as for the 
process state’s objects. The nature of the objects as well as their types may vary extremely: 
for example, there exist different culture-related, individual disposition-related and timely 
emotional influences as well as intrinsic and extrinsic motivation. Other variables are the 
learning situation, the individual learning type and the learning content itself.  
The main goals for such e-Learning processes are specifically directed to learning next to 
individual knowledge increase. It is not about to classify but to individually treat learners, to 
keep their motivation and to provide learning possibilities that can adapt to individuals and 
their specific situation. The learner is a partner within the process, not a target. Some criteria 
for evaluation of process outcomes are: 

o Content quality according to the learning goal 
o Degree of the content’s abstraction 
o Difficulty level of content 

o Flexibility of the learning system according to individual learning and life 
situations 

o Method conformity 
o Individual learning goal adaptations by the learner 

o Individual knowledge gain 
o Degree of content understanding, repetition and applicability 
o Achieving the didactical goal 

Routine criteria and related process descriptions are not sufficient. So far, no single system 
provides sufficient process support that comprises all dimensions. Only an ontology-based 
approach can solve the occurring diversity to take account in teaching-, knowledge- and 
user-models ((Simon, 2002); (Mencke and Dumke, 2007b)). Semantic information is needed 
for the appropriate support of ad-hoc learning in its various dimensions. 
As argued above, most process descriptions are not sufficient to model the complex 
influences that may occur within open e-Learning processes. A flexible and semantically 
defined approach is needed to guarantee applicability, reusability and extensibility. 
Ontologies as described in (Mencke and Dumke, 2007b) and (Mencke and Dumke, 2008) are 
suggested to fulfil these requirements. Their usage in e-Learning can be useful for numerous 
goals (Mencke and Dumke, 2007b) – for example they serve as: 

o Didactical ontologies for the categorization of learning goals, 
o Thematic ontologies for the thematic categorization of learning material, 
o Rhetoric-semantic ontologies for categorization of learning material for the creation 

of meaning contexts, 
o Relational ontologies for the description of contextual dependencies and 
o Curricular ontologies for the organizational categorization of learning material. 

The ontologies’ tasks, as described in this chapter, are manifold: providing a general scheme 
for process description, being a basis for automated content aggregation, describing 
didactical expert knowledge as well as serving as a starting point for process optimization. 

 

4.1 A Hierarchy of Ontologies for Semantic E-Learning 
Meder (Meder, 2001) defines a didactical ontology as an approach to describe information 
for being able to structure cognitive learning processes. This work goes a step further and 
intends to use those information also for the ontology-based modelling of didactical 
expertise – didactical ontologies. In the following, approaches for an ontology-based 
provision of didactical expertise as well as for course structure specification are introduced. 
For the hierarchy of ontologies, a 5-level structure is proposed to reach the intended 
advantages. 
 
Level 0: Ontology Meta Structure 
Level 0 contains the most general ontology of the proposed set. It depicts a general 
description of a didactic strategy. Its purpose is to define the scheme for an ontology-based 
realization of the order of learning content to achieve an optimal learning result as well as 
the description of didactical expertise. Human experiences with the learning and teaching 
processes can be integrated in those ontologies. These implicit quality aspects result in a 
substantial quality gain. Timed strategic elements need to be adaptively chosen to fit certain 
context, learner or teacher-defined requirements: 
Figure 7 presents the developed top-level ontology. The central concepts are the 
LearningStep and Condition class. A LearningStep is the reference to a part of a didactical 
approach. Further refinement is supported by the possibility to divide a learning step into 
several sub learning steps. Therefore, the relation leadsToSubLearningStep is created to point 
to the first LearningStep node that will compound the sub learning steps. The property 
isFirstLearningStep must be set true to mark this first node. According to this, the property 
isLastLearningStep must be set true for the last node. To permit a return to the main 
didactical flow, the sub nodes reference to their root node through the relation 
hasAsRootLearningStep. Additional relationships point to describing (sometimes taxonomic) 
ontologies:  

o hasActivityType points to certain activities which the current learning step should 
cover. 

o hasLearningObjective points to an ontology describing learning objectives 
o hasIntendedStudentRole points to a description, where possible student roles a listed 
o hasIntendedResource points (technical) resources that are intended to be used 
o hasIntendedTechnique points special techniques/approaches for teaching 
o hasAssessment points to suggestions for certain assessment types 
o hasIntendedCardinality describes the type of interaction according to the number of 

participants 
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o Rhetoric-semantic ontologies for categorization of learning material for the creation 

of meaning contexts, 
o Relational ontologies for the description of contextual dependencies and 
o Curricular ontologies for the organizational categorization of learning material. 

The ontologies’ tasks, as described in this chapter, are manifold: providing a general scheme 
for process description, being a basis for automated content aggregation, describing 
didactical expert knowledge as well as serving as a starting point for process optimization. 
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provision of didactical expertise as well as for course structure specification are introduced. 
For the hierarchy of ontologies, a 5-level structure is proposed to reach the intended 
advantages. 
 
Level 0: Ontology Meta Structure 
Level 0 contains the most general ontology of the proposed set. It depicts a general 
description of a didactic strategy. Its purpose is to define the scheme for an ontology-based 
realization of the order of learning content to achieve an optimal learning result as well as 
the description of didactical expertise. Human experiences with the learning and teaching 
processes can be integrated in those ontologies. These implicit quality aspects result in a 
substantial quality gain. Timed strategic elements need to be adaptively chosen to fit certain 
context, learner or teacher-defined requirements: 
Figure 7 presents the developed top-level ontology. The central concepts are the 
LearningStep and Condition class. A LearningStep is the reference to a part of a didactical 
approach. Further refinement is supported by the possibility to divide a learning step into 
several sub learning steps. Therefore, the relation leadsToSubLearningStep is created to point 
to the first LearningStep node that will compound the sub learning steps. The property 
isFirstLearningStep must be set true to mark this first node. According to this, the property 
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hasAsRootLearningStep. Additional relationships point to describing (sometimes taxonomic) 
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o hasActivityType points to certain activities which the current learning step should 
cover. 
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o hasIntendedResource points (technical) resources that are intended to be used 
o hasIntendedTechnique points special techniques/approaches for teaching 
o hasAssessment points to suggestions for certain assessment types 
o hasIntendedCardinality describes the type of interaction according to the number of 
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Fig. 7. Level 0 Didactical Ontology (Mencke and Dumke, 2007b) 
 
The condition concept is used to model restrictions to a path, permitting the runtime 
environment of an e-Learning system to decide the next appropriate path through the 
learning content for the current user in his specific context. Both main concepts are used to 
model a didactic in this way:  

1. Identify the first LearningStep   
2. Follow the learning path for the first condition that delivers a true result 

Therefore, a LearningStep points to a Condition with a learningStepLeadsTo relationship. A 
Condition itself redirects the learning path to one other LearningStep with the conditionLeadsTo 
relationship, if its result is true. Multiple learning paths can be modelled by integrating 
multiple Condition individuals.  
To support those alternative ways through the e-Learning course, additional aspects are 
integrated into the ontology. A first one is a hierarchy of conditions. If one fails, the 
conditionLeadsTo relationship points to the next condition to be checked. Another one is the 
possibility to depict sequences of conditions by using the hasAsNextCondition relationship; 
the last condition of a sequence must point to a LearningStep. The default relationship 
defaultNextLearningStep between two learning steps provides an alternative for the case 
where no condition is fulfilled and must appear only once. Figure 8 exemplary visualizes 
some aspects described above. 

 

 
Fig. 8. Hierarchical Conditions for Multiple Learning Paths (Mencke and Dumke, 2007b) 
 
The conditions themselves are described by three (two, if a unary operator is used) 
additional relationships. The relationships hasLeftSideValue and hasRightSideValue point 
either to another condition or to a Variable that can be of type PrimitiveDatatypeInstance, 
OWL-QL or RuntimeSystemQuery. The first type has the anyType-property value and is used 
to model variables like the “5” within the following conditional expressions: “If 
(NumberOfTries) is GreaterThan 5”. The NumberOfTries-variable is of type OWL-QL and 
the query is stored as a string within the OWLQuery property. The RuntimeSystemQuery has 
a string-property, too. QueryID will be used by an e-Learning runtime system to locate an 
internal condition. That is internally analyzed and delivers back a Boolean value for the 
comparison. The ontology-intern condition must look like: “If (runtimeCondition1) isEqual 
true”. The relationship hasAnOperator points to a ConditionOperator that defines the set and 
logical operators. For conditions as well as for learning steps, the mandatory property 
hasIDNumber was created. These IDs are used to provide the runtime environment a way to 
identify the path that the user has gone through. 
 
Level 1: Basic Didactical Ontology 
This level may reveal an inner hierarchical structure, too. It is directed toward to description 
of general didactical strategies, based on the level 0 ontology. The problem-based learning 
(PBL) approach was chosen for further implementation. PBL is a didactic that begins with a 
presented problem and is followed by a student-centred inquiry process (Trevena, 2007). 
Fundamental principles base on the work of Barrows and Schmidt ((Barrows, 1986) and 
(Schmidt, 1983)).  
Figure 9 visualizes the ontology focusing on Schmidt’s seven steps in problem-based 
learning. This implemented PBL ontology describes the seven basic steps that a PBL 
didactical approach should have according to (Trevena, 2007), namely: clarify terms and 
concepts, define the problem, analyze the problem, draw systematic inventory, formulate 
learning objectives, collect additional information and synthesize and test the new 
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information. These steps are defined as individuals of a LearningStep and, as there is no 
special condition to the transition between them, only the defaultNextLearningStep 
relationship is used. The activity types for each LearningStep are chosen based on what 
should be performed by the learner. 
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Fig. 9. Problem-Based Learning Didactic Level 1 Ontology (Mencke and Dumke, 2007b) 
 
Level 2: Refined Didactical Ontology 
Such ontologies contain the leaf nodes of the hierarchy, each describing an applicable 
didactical approach. Here, for example the micro didactics of Meder (Meder, 2006) or the 
didactical models of (Flechsig, 1996) are integrated. Figure 10 defines an ontology for 
another special problem-based learning didactic. It is adopted from (Mertens, 2002) and 
bases on (Hahn, 1971). 
The presented didactical approach consists of six main steps, namely problem definition 
phase, research phase, evaluation phase, decision phase, implementation phase and control 
phase. These main learning steps are further refined into sub learning steps and related to 
appropriate activity types.  
 

 

 
Fig. 10. Problem-Based Learning Didactic Level 2 Ontology (Mencke and Dumke, 2007b) 
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Level 3: Recombination of Didactical Ontologies 
This level is directed to the approach of individual (recombined) adapted didactics. The idea 
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made available and usable, too. The trivial usage is to identify sub elements of the course 
that are didactically decoupled or only loosely coupled. These (Sub-) LearningSteps are 
affiliated with each other with the standard defaultNextLearningStep relationship or reusable 
relationships that for example point forward, if the current LearningStep was successfully 
completed. The more complex problem is the identification of inter-didactic relationships 
within certain contexts and their ontology-based modelling.  
 
Level 4: Extension of Didactical Ontologies to Course Ontologies 
To be able to depict the specific structure of an e-Learning course, the level 0 ontology is 
extended by an additional concept and certain properties (see Figure 11). The LearningObject 
is integrated from a developed LOM-Ontology comprising metadata instances of existing 
Learning Objects. Next to the hasIDNumber variable, storing an ID of the currently described 
Learning Object, this concept has two datatype properties – namely isFirstLearningObject and 
isLastLearningObject. In addition to them object properties are integrated to point from a 
LearningStep to a LearningObject as well as from a LearningObject to another LearningObject. 
By this procedure, it is possible to refine a LearningStep as a sequence of LearningObjects. 
 

 
Fig. 11. Level 4 Didactical Ontology (extended from (Mencke and Dumke, 2007b)) 
 
Summarized, based on this information ontology-based descriptions for didactical expertise 
as well as e-Learning course structures is introduced. Ontologies are used to model 
didactical teaching approaches developed by pedagogical experts. Thereby, they provide a 
useful tool for their semi-automatic integration into e-Learning authoring processes. 
Hierarchical refinement as well as individual recombination is supported. These structures 

 

are the starting point for e-Learning course descriptions based on Learning Objects. A 
prototypical tool is shown in Figure 12. Based on didactical ontologies the creation of 
courses is possible. Thereby, didactical expertise, generative course structures as well as 
Learning Objects enriched with domain information are the basis for the course author to 
create e-Learning courses. 
 

 
Fig. 12. Screenshot of a Tool for Ontology-Based E-Learning Course Generation (Zhang, 
2009) 
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Having created such ontology-based e-Learning courses is only the first step. Individual 
learning is more flexible. The learner’s awakened interest or respectively his identified 
knowledge gap should be satisfied by additional, semantically-related e-Learning content. 
Therefore, this next part will be dedicated to new approaches for proactive, semantics-
driven content enrichment. 
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5.1 Enrichment Algorithm 
E-Learning-related content is any portion of data that can be displayed to a user by the 
runtime part of an e-Learning system. According to this, content enrichment describes the 
process of searching and displaying additional information, being semantically related to 
the information of the e-Learning content. 
For the identification of starting points for enrichment in an educational content an 
’Enrichment Algorithm’ is developed in (Mencke et al., 2008b). The enrichment component 
proactively scans the requested e-Learning resources, integrates new semantically related 
information and thereby adapts the presented information. 
In the first step, an identification of appropriate ontological elements within the ontology 
 PCO ,  with its concepts C  and properties P  is performed. The function  af naming  

(Formula 1) delivers a human readable name of an ontological element a . The tuples, 
containing ontology elements ia  and their names determined using  inaming af  constitute 
the set OT as shown in Equation 2. 
 

StringntOntolElemef naming :  (1) 
 

     taxii
naming

i
O PPCaafaT \,   (2) 

 
At this point, taxonomic relations within the ontology ( taxP ) are neglected, because 

 af naming  cannot deliver any useful results for them.  
A second step is the inflation of OT with appropriate additional terms, for example taken 
from the WordNet specifications for the English language (Princeton University, 2006). The 
function  af syn  delivers additional terms (synonyms) (Formula 3). The tuples of the 
extended set SYNOT   connect ontology elements ia  with their synonyms (Equation 4). 
 

 ,...: StringStringf syn   (3) 
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The function  xf concept  (Formula 5) applies to both, metadata MLO and the content 

CLO of learning objects LO  (Formula 6) and extracts names of concepts contained in them. 
A particular implementation of conceptf  can use classic mining algorithms. For each 
learning object iLO , the initial set SYNL

iT
  of concept names and their synonyms, that can 

serve as starting points of the enrichment, can be determined as shown in the Equation 8. 
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The next step is to match the identified concepts of the learning objects with the human 
readable names of ontological elements (Equation 9). S

iT maps ontological elements to 
possible enrichment points within the learning objects. 

 SYNOSYNL
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S
i TdcTddcT   ,,,  (9) 

 
S
iT  is a set of tuples dc,  where d  is a concept of the educational content and c is the 

associated ontological element. The set of all d is D  (Equation 10). 
 

 SiTdcdD  ,  (10) 
 
The algorithm’s next part is the selection of identified enrichment points DD   within the 
Learning Object. Possible implementations can limit the set of enrichment points, for 
example by the selection of the first appearance of the enrichment points. The semantic 
relevance is proposed as the key factor. For its determination several approaches can be 
(combined) implemented: (a) choose those enrichment points that are most relevant based 
on certain mining algorithms, (b) choose those enrichments points that are most relevant 
based on the semantic relevance according to the metadata of the LO, (c) choose those 
enrichment points that are most relevant based on the ontological relevance of the 
associated ontological elements. For the last option, certain ontology metrics can be useful 
(Mencke et al., 2008a). 
On the basis of the set RO  (Equation 12) containing all ontological elements related to the 
selected enrichment points, and the Semantic Window approaches described in (Mencke, 
2008), an additional set of ontological elements can be computed. It will be referred to as W . 
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The next step determines the amount of additional information EC  that is used to enrich 
the educational content (Formula 13 and Equation 14). 
 

 ,...: ContentEnrichmentntOntolElemef enrich   (13) 
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The presentation is not part of the algorithm above, but results in the highlighting of all 
selected Dd   and the selective displaying the prepared enrichment content CEEC  as 
described in the next section. 

 
5.2 Cost-Based Semantic Windows 
The cost-based Semantic Window approach is one suitable option for the determination of 
semantically related content elements. Additionally to the distance-based approach it is 
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described in detail in (Mencke, 2008). In the following, a short overview about the cost-
based idea is presented. 
For the enrichment the concept of a ’Semantic Window’ is defined. This term describes a set 
of elements of a given ontology within a certain multi-dimensional distance. Dimensions for 
its definition are related to the concepts of an ontology as well as to the datatype properties. 
Furthermore, instances and taxonomic as well as non-taxonomic relations are taken into 
consideration (Mencke et al., 2008b). 
The function tf cos returns the “cost” of the transition between two nodes, given their types 
as well as the sequence of already accepted nodes (Formula 15). For the combinations of 
ontological elements’ types, between which no transition is possible, the cost function is 
assumed to return the positive infinity. 
 

IntegerNodeTypeTypef t ,...,,:cos  (15) 
Function typef returns the type of a given ontological element (a member of the enumeration 
17). New types of ontological elements can be introduced by splitting the sets of ontological 
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5.3 Prototypical Tool for Ontology-Based Content Enrichment 
The prototype focuses on the semantic-based selection of entities. One advantage of the 
Semantic Window approach in this context is the well-defined definition of a semantic range 
around an entity. By this, not only the selection of semantically-fitting entities is realised. It 
also becomes possible to identify additional content based on the semantic and the 
knowledge structure of the targeted domain. 
Figure 14 presents a screenshot of a tool that uses distance-based Semantic Windows for 
Web content enrichment (see Figure 15). Users can add new enrichment content in order to 
complete the available data sources and thereby collaborate on quality improvement. 
 

 
Fig. 14. Distance-Based Semantic Windows for Content Enrichment 
 

 

 
Fig. 15. Enriched Web Page Based on Distance-Based Semantic Windows 

 
6. Conclusion 
 

The provision of content, especially information, is one of the most important lifelines in the 
current information society. It is a fundamental process of the current information society – 
multimedial knowledge is presented on Web pages, virtual objects are visualized in Virtual 
Reality applications, Web services are used in business processes and e-Learning content 
can be learned in educational systems. Especially the provision of information content is 
targeted in this work. It is the step of the information life cycle where its value is at highest 
(Tallon and Scannell, 2007). It is necessary to pre-select, prepare and provide them in 
adequate ways to the user.  
Especially for e-Learning this is a tremendous venture. It was the aim of this chapter to 
propose semantic technology approaches in order to enable the usage of didactical expertise 
as well as adapted content provision. Semantic Web technologies, especially ontologies, are 
seen as the key approach with tremendous potential to future applications (Hendler, 2008). 
They “fit so well with education, by building a strong platform for it, by bringing reflection 
and by interweaving everything.” (Devedžić, 2006).   
In this chapter and the referenced literature, numerous approaches are described that 
fundamentally base on Semantic Web technologies in order to enhance selected aspects of e-
Learning. Ontologies were for example used for the description of didactical expertise, 
course definitions, learning content recommendations, course enrichment, quality driven 
content selection – to name only a few. 
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1. Introduction     
 

In the last years, thanks to the Internet and to the rapid development of technologies, 
multimedia applications and hypermedia based softwares became every day more 
important joining traditional media in the information diffusion framework. Moreover, due 
to their characteristics, these kind of tools resulted very suitable to gain children’s (and not 
only children’s) attention thus, by consequence, software producers, institutions and private 
programmers started using their potentialities for the development of instruments to be 
used expressly for teaching: the so-called educational software (ES). 
This chapter is organized as follows: in section 2 the main characteristics of educational 
software will be described together with a brief sketch of their story; in section 3 the 
characteristics of educational software will be analysed form a pedagogical point of view 
highlighting the advantages of the use of the involved technologies; in section 4 the main 
tools for the development of educational software will be discussed and finally in section 5 
some case representative study of learning tool addressed to young users are described. 

 
2. A global sight on educational software 
 

The development of ES has been influenced by the parallel development of the hardware it 
was running on. In facts, one of the biggest problems related to the early years of ES 
consisted in the difficulty for teachers and users to maintain a software over the years due to 
the rapid change of technologies and to the lack of stable platforms. 
The first examples of computer tools which can be defined educational software were 
produced within the military framework and were designed to be used to train personnel to 
perform several tasks. The flight simulator for instance was developed in the early 1940s 
and was used to generate aircraft on-board instruments data which were provided to 
unexperienced recruits; furthermore in the military environment, 30 years later, the 
synthetic radar data generator was used for similar training purposes. In that period the 
multimedia capabilities of computers were very limited and in most cases software could 
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1. Introduction     
 

In the last years, thanks to the Internet and to the rapid development of technologies, 
multimedia applications and hypermedia based softwares became every day more 
important joining traditional media in the information diffusion framework. Moreover, due 
to their characteristics, these kind of tools resulted very suitable to gain children’s (and not 
only children’s) attention thus, by consequence, software producers, institutions and private 
programmers started using their potentialities for the development of instruments to be 
used expressly for teaching: the so-called educational software (ES). 
This chapter is organized as follows: in section 2 the main characteristics of educational 
software will be described together with a brief sketch of their story; in section 3 the 
characteristics of educational software will be analysed form a pedagogical point of view 
highlighting the advantages of the use of the involved technologies; in section 4 the main 
tools for the development of educational software will be discussed and finally in section 5 
some case representative study of learning tool addressed to young users are described. 

 
2. A global sight on educational software 
 

The development of ES has been influenced by the parallel development of the hardware it 
was running on. In facts, one of the biggest problems related to the early years of ES 
consisted in the difficulty for teachers and users to maintain a software over the years due to 
the rapid change of technologies and to the lack of stable platforms. 
The first examples of computer tools which can be defined educational software were 
produced within the military framework and were designed to be used to train personnel to 
perform several tasks. The flight simulator for instance was developed in the early 1940s 
and was used to generate aircraft on-board instruments data which were provided to 
unexperienced recruits; furthermore in the military environment, 30 years later, the 
synthetic radar data generator was used for similar training purposes. In that period the 
multimedia capabilities of computers were very limited and in most cases software could 
only interact with the users by means of simple graphics, texts and the keyboards. Moreover 
these military-tasks addressed software were isolated cases, developed to satisfy some 
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particular need without denoting any attitude to sketch out the guidelines for the conscious 
production of ES.  
In the 1960s institutions start understanding the potentiality of educational software for civil 
purposes and some American universities – thanks to the availability of the first mainframe 
computers (with time sharing) – laid the basis of a solid theoretical and practical foundation 
for the creation of ES. In particular universities gave birth to a set of softwares to be used 
both by teachers in classrooms and students by their own concerning typical school topics 
such as maths or engineering. All the softwares were developed step by step and tested in 
the classrooms with students in order to assess their effectiveness (Mathis Johnson, 2003). 
The advantages of the use of such tools were discovered in that period and were exploited: 
computers were used to provide information, assess students work and manage the results 
obtained by the students during the tests. The most advanced titles – such as for instance 
PLATO whose screen shot is presented in figure 1 - were customizable and expandable by 
teachers in order to allow a virtually infinite collection of lessons and tests and embedded 
ad-hoc languages for the creation of new contents. 
 

 
Fig. 1. A screenshot depicting an educational application running on the PLATO terminal. 
 
The appearance of microcomputers on the market together with the experience gained in 
this years by software producers and by those teachers who started using computer is at the 
basis of the expansion of the successive years (1970s-1980s). The coming of microcomputers 
at accessible prices such as Commodore PET, the Apple II, the Atari XL/XE, the Sinclair 
which were often equipped with the BASIC programming language allowed people to 
create software at home or at school. In this period a quantity of programs were produced 
and between them some of the most creative and famous tools for students. The new ES 
were now designed to be captivating, to get students attention, they were at the same time 
challenging and simple to use and had a lot of success in classrooms. The major problem in  
this period was represented by the difficulty, for teachers and users who created or 
extended  their own products, of distributing them to other people as programs written on a 
microcomputer usually did not work on another due to the lack of a real standard for the 
hardware and the programming languages. 
In the ‘90s, due to the increasing number of software houses and to the improvement of 
computers features (graphics, sound, interfaces, platform standards, computer networks 
and storage devices such as CD-ROMs), a very high number of softwares for all possible 
subjects were produced. Unfortunately the growth of products number did not always 

 

correspond to the same growth in terms of quality and innovation although very interesting 
ES were produced (this is the period of living books). Nevertheless ES obtained a lot of 
success and have been permanently included in school classes as powerful teaching tools. 
In this period the world of ES is mainly influenced by the software companies and their 
commercial requirements which led to the origin of the so called edutaintment: products 
more oriented to their entertaining side by respect to the purely educational one. 
Through the years many types of software have been developed for a number of different 
purposes and many genres have been experimented: some of them were represented by just 
a few titles and failed while others had a larger success and become standard types of ES. 
The main types can be classified on the basis of their teaching approach as follows: 

 Home learning. In this category it is possible to group a wide set of titles devoted 
to the home learning of all types of users although particular attention is paid to 
children. It is often difficult to distinguish real educational software from other 
products where the gaming nature exceeds their educational nature. This kind of 
products were developed from the ‘90s to nowadays due to the large availability of 
technologies which facilitated on one hand the producers to create captivating 
software comparable to commercial games and on the other hand the diffusion of 
personal computers in every house. 

 Courseware. The term courseware identifies all that software which is intended to 
be used as a support for school students including both tools expressly designed to 
be used by the teachers at school both products suitable to be used by students at 
home for improving their knowledge on specific topics. It is possible to find 
courseware addressed to students of all the ages: from primary school students to 
university students. Normally, due to their aim, these products present information 
and establish a sort of dialogue with students, asking questions and giving 
immediate feedback. Through the time such type of products have been expanded 
adding topics, knowledge improvements and in many cases have been organized 
in order to be used during entire courses and integrated in the curricula. 

 Edutainment. The term edutaintment is used for describing those products 
corresponding to a mix between classical computer games and standard 
educational software. Edutainment reflects a commercial requirement of the public 
demanding for appealing tools (mainly for children) which must have an 
educational value and, at the same time, which results an optimal teaching solution 
for young children. It is possible to gather into this class all those games which 
have a secondary educational value but have not been created with a clear 
educational intent can be added. In this case the influence of software producers 
should be considered as many of them in the years tried to convince the public that 
their products had some teaching value although their gaming nature was clear.  

 Reference software. In the first years of '90s the availability of CD-ROMs 
encouraged the diffusion of reference software such as dictionaries and 
encyclopedias. Many publisher put on market such kind of products which, in a 
first time, were the digital translation of already existing prints and in a second 
moment were enriched by means of multimedia features such a sounds and 
compressed video. Reference software obtained a large success on the market and 
many topic-specific products (music, cinema, history encyclopedias, dictionaries 
for translations...) were created and commercialized. Together with multimedia 
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contents the main aspects of these software was the possibility for the user to 
navigate through the contents of the encyclopedias by means of links and 
hyperlinks in the pre-Internet era. Nowadays reference software is migrating from 
CD-ROMs to the web and is becoming free and open-source thanks to projects such 
as the most famous  Wikipedia which allows the user to examine on line contents 
and possibly to modify it. 

 
3. The benefits of using educational software 
 

Multimedia contents and interaction with the user are the main strong point of educational 
software and the features that mainly differentiate them from traditional media such books 
and television. Multimedia contents give the software the capability of attracting the user 
and children specially: cartoons, characters, dialogues, sounds and movies are able to 
stimulate the curiosity of younger users and push them to the exploration of the software. 
Moreover multimedia contents represent an upgrade of the learned topics, in facts while 
studying the first moon landing in 1969, users can look at the corresponding recording or 
while studying Mozart they can listen to his major compositions. 
A high level of interaction with the software gives the user the freedom for deciding what to 
do: users can choose the direction to take for exploring the software and can establish the 
level of detail of the provided information and stop whenever they want. Links and hyper 
links through the educational tools invite the user to discover new scenarios, new 
arguments and surprising points of view supporting the development of associative 
thinking and of a multidimensional (and multimedial) vision of the same problem. 
All these features can drastically modify the way of learning of the users changing a passive 
approach into the wish of learning. Instructors often claim that children learn by doing, thus 
certain softwares which are expressly designed to involve them actively in the learning 
process and giving them the control of their education seem to be a key tool for  improving 
learning efficiency (Castro Sanchez et al., 2009). Educational software in facts are not 
conceived to maximize the degree of knowledge of the users on certain topics but their 
primary aim is to improve their learning (Guzdial et al., 1997) and, of course, a deep 
knowledge of the topics handled by the software will be an worthwhile side effect. During 
computer session children have the opportunity to experience by their own the search for 
the topics to learn, in a completely different way by respect to what happens with 
traditional lessons where the teacher decides for everybody. By consequence children 
experience their own ways of learning and thinking and become conscious of their peculiar 
learning mechanisms. Children will start controlling their own intellectual activities and will 
exploit this new skill it in their future studies. 
Major software products integrate systems for the communication between users and 
between students and teachers. This aspect results important as it allows the students to 
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exploration together. Thanks to the recent development of Internet technologies the 
collective use of teaching tools can be done both within the same class with more students 
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Common techniques for the communication among users include instant messaging 
systems, dedicated email, voice and video call and many others which are currently 
evolving. 

 

These kind of communication facilities allow the involvement of the teacher (or possibly 
more than one teacher) as well. Teachers can take part to the determination of the teaching 
paths of his students by deciding for instance what to propose them or the level of difficulty, 
help the students, answer their questions in real time. Moreover teachers interacting with 
their students can evaluate their level of knowledge and plan the subsequent teaching 
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A further aspect to be taken into consideration is the benefit deriving from the early use of 
personal computer by children. Computers are everyday more important in our society and 
we have to use them for many real life tasks: for hiring a DVD or to buy things on-line. 
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student can verify his  learning by means of quizzes and questions and evaluate his degree 
of knowledge of the presented topic. Students are often attracted by the test proposed by 
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tests proposed by teachers in classrooms, they avoid any subjection to the reaction of the 
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Educational software offers several advantages directly to teachers as well. Main products 
are offered together with authoring software which allows to modify, extend and update 
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In literature it is possible to find many works where educational software are used in the 
classrooms and the taught topics are verified within the class by means of several test in 
order to assess the efficiency of the employed tools: in most cases (Juan Ye & Zhiyong Peng, 
2004) the results obtained by educational software are encouraging as they improve users 
learning and are positively accepted by students who, in addition, get more interested on 
the handled arguments than by attending traditional lectures. 
The use of educational tools moreover improves, for the teachers, the possibility of tracking 
students learning and advancements and can drastically reduce the time devoted to stand-
up lessons giving to the instructor more time for tutoring activities (Carver, 1996). 
Due to all these features, educational software gained an important role in children 
education, at school and at home and over the years many themes have been taught by 
means of such tools exploiting their exceptional multimedial capabilities: history, maths, 
geometry, computer science, literature, music. Beside these classical themes, further 
arguments have been handled by other titles in specific fields. In many cases, due to the 
nature of the treated topics, these latter titles were designed and addressed to older children 
or to adults but there are some educational tools handling with complex topics to be 
proposed to young children. These titles fully exploit the potential of educational software 
to teach in a natural and simple way concepts which could be hard to be understood by 
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2004) the results obtained by educational software are encouraging as they improve users 
learning and are positively accepted by students who, in addition, get more interested on 
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students learning and advancements and can drastically reduce the time devoted to stand-
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4. Tools and methods for the development of educational software 
 

The development of educational software is a difficult task as it involves many interacting 
factors and the cooperation of several professional figures. The development process must 
in facts take into consideration both pedagogical and computer science factors which are 
normally handled by two distinct people or groups. The spectrum of activities carried out 
for the creation of educational tools is quite wide and includes software engineering, 
programming and the determination and implementation of the educational contents (Reis, 
2007). The task moreover is made more complex due to the lack of a common framework for 
this purpose (Ivan & Josue, 2007). It is in effect quite hard to establish a standard for the 
realization of educational software because if on one hand the use of standard methods and 
tools is desirable for speeding up the realization phase of new products and for their 
flexibility, on the other hand such framework should be able to lead to the creation of deeply 
different products due to the extremely heterogeneous variety of educational softwares in 
terms of themes,  audience, learning approaches and purposes. 
Despite the lack of common frameworks there are some  properties and requirements which 
are considered as very important for the success and the learning effectiveness of 
educational tools. Such requirements concern both technical and pedagogical aspects of the 
products and can be summarized as follows: 

 efficient interface: the interface of the product and the interaction with the user 
must be clear and intuitive. Users – especially if children – must be able to identify 
the controls on the screen and understand immediately the operations related to 
each of them. It must be possible to move from one scene of the software to another 
by means of buttons easy to locate and to interpret and the objects on the screen it 
is possible to interact with must be highlighted. The choice of images and 
animations is important as well:  they should be presented in a a pertinent way 
avoiding redundancies. The use of background music and sound effects is 
normally proper whilst spoken should be used only when necessary and in 
particular circumstances. Finally the use of hot words (words highlighted either for 
their relevance or because they are link to other pages or have particular functions) 
is recommended. 

 quality multimedia contents: multimedia is one of the main aspects which 
differentiate educational tools from books. Although multimedia gives a 
fundamental contribution to the effectiveness of the software the abuse of 
multimedia contents is detrimental as it can distract the users from the central 
topics handled. The quality both in terms of pedagogical value and audio-visual 
grade is very important as well as it can determine the attention degree paid by the 
user to the proposed contents. 

 appropriate contents: the proposed contents must be correct and presented in a 
suitable way by respect to the audience they are addressed to. The software 
moreover should be able to adapt its contents to the  users, addressing to audiences 
of different age, goals and learning styles (Van Dam, 2005) 

 multidisciplinarity approach and contents extensions: a multi-disciplinary nature 
and the presence of contents extensions is a positive feature for educational 
software as they make it able to attract more the interest of the users; moreover the 
contents extensions allow the users to choose the topics they want to deepen.  

 

 Modularity: modularity allows the developers to easily change or extend the 
contents of the produced software and lengthen this way its life; moreover, if the 
software includes authoring tools, it allows the teachers to easily carry out changes 
for adjusting the product to users needs. 

 Portability: educational tools must be usable on different kinds of computers, 
independently from their operative system and their architecture as they will be 
used both at school and at home. For these reason the use of programming 
languages and developing tools allowing a cross-platform use is preferable together 
with the capability of using the software on-line, possibly embedded in HTML web 
pages. 

 
In the past educational softwares were constituted by monolithic applications developed 
within a software company, mainly by computer scientists and technicians resulting in 
products oriented to the computational efficiency rather than to pedagogical contents. This 
behaviour was mainly due to the market influence which in the '90s led software houses to 
the creation of appealing products suitable to a wide range of users fascinated by the 
emerging multimedia technologies. 
Nowadays the educational software producers are oriented to the creation of components 
and libraries for a modular development of educational tools. The so created products are 
everyday more standardized, powerful and simple to use and present several strong points 
which are determining their success. Components give the possibility of providing to the 
meta-users (those people who will create the final educational tool by means of these 
components) some basic instruments which will constitute the basis of the final product 
which will be customized in the direction of particular requirements with a considerable 
saving in terms of time and programming efforts. The use of components allows non expert 
programmers to implement the software thus teachers and educators will be able to 
accomplish this task which was otherwise a programmers prerogative. This way teachers, 
instructors and topic experts will take care of the contents and the cognitive aspects and, on 
the other side, programmers will direct their efforts to the creation of good components with 
more interactivity and multimedia. 
The development process of educational software through standard components follows the 
traditional scheme depicted in figure 2 which starts with a requirements analysis phase 
where contents providers are involved for establishing “what” is going to be developed and 
“how”, then the components to be realized are determined and defined. Once this planning 
phases are concluded, components are implemented and in the last phase are assembled 
into the final software which is at last tested. 
 

Fig. 2. Flowsheet describing the development process of educational software by means of 
standard components. 
 
The use of customizable components improves both the technical and contents quality as it 
enables instructors and programmers to contribute to the product only in their specific fields 
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4. Tools and methods for the development of educational software 
 

The development of educational software is a difficult task as it involves many interacting 
factors and the cooperation of several professional figures. The development process must 
in facts take into consideration both pedagogical and computer science factors which are 
normally handled by two distinct people or groups. The spectrum of activities carried out 
for the creation of educational tools is quite wide and includes software engineering, 
programming and the determination and implementation of the educational contents (Reis, 
2007). The task moreover is made more complex due to the lack of a common framework for 
this purpose (Ivan & Josue, 2007). It is in effect quite hard to establish a standard for the 
realization of educational software because if on one hand the use of standard methods and 
tools is desirable for speeding up the realization phase of new products and for their 
flexibility, on the other hand such framework should be able to lead to the creation of deeply 
different products due to the extremely heterogeneous variety of educational softwares in 
terms of themes,  audience, learning approaches and purposes. 
Despite the lack of common frameworks there are some  properties and requirements which 
are considered as very important for the success and the learning effectiveness of 
educational tools. Such requirements concern both technical and pedagogical aspects of the 
products and can be summarized as follows: 

 efficient interface: the interface of the product and the interaction with the user 
must be clear and intuitive. Users – especially if children – must be able to identify 
the controls on the screen and understand immediately the operations related to 
each of them. It must be possible to move from one scene of the software to another 
by means of buttons easy to locate and to interpret and the objects on the screen it 
is possible to interact with must be highlighted. The choice of images and 
animations is important as well:  they should be presented in a a pertinent way 
avoiding redundancies. The use of background music and sound effects is 
normally proper whilst spoken should be used only when necessary and in 
particular circumstances. Finally the use of hot words (words highlighted either for 
their relevance or because they are link to other pages or have particular functions) 
is recommended. 

 quality multimedia contents: multimedia is one of the main aspects which 
differentiate educational tools from books. Although multimedia gives a 
fundamental contribution to the effectiveness of the software the abuse of 
multimedia contents is detrimental as it can distract the users from the central 
topics handled. The quality both in terms of pedagogical value and audio-visual 
grade is very important as well as it can determine the attention degree paid by the 
user to the proposed contents. 

 appropriate contents: the proposed contents must be correct and presented in a 
suitable way by respect to the audience they are addressed to. The software 
moreover should be able to adapt its contents to the  users, addressing to audiences 
of different age, goals and learning styles (Van Dam, 2005) 

 multidisciplinarity approach and contents extensions: a multi-disciplinary nature 
and the presence of contents extensions is a positive feature for educational 
software as they make it able to attract more the interest of the users; moreover the 
contents extensions allow the users to choose the topics they want to deepen.  

 

 Modularity: modularity allows the developers to easily change or extend the 
contents of the produced software and lengthen this way its life; moreover, if the 
software includes authoring tools, it allows the teachers to easily carry out changes 
for adjusting the product to users needs. 

 Portability: educational tools must be usable on different kinds of computers, 
independently from their operative system and their architecture as they will be 
used both at school and at home. For these reason the use of programming 
languages and developing tools allowing a cross-platform use is preferable together 
with the capability of using the software on-line, possibly embedded in HTML web 
pages. 

 
In the past educational softwares were constituted by monolithic applications developed 
within a software company, mainly by computer scientists and technicians resulting in 
products oriented to the computational efficiency rather than to pedagogical contents. This 
behaviour was mainly due to the market influence which in the '90s led software houses to 
the creation of appealing products suitable to a wide range of users fascinated by the 
emerging multimedia technologies. 
Nowadays the educational software producers are oriented to the creation of components 
and libraries for a modular development of educational tools. The so created products are 
everyday more standardized, powerful and simple to use and present several strong points 
which are determining their success. Components give the possibility of providing to the 
meta-users (those people who will create the final educational tool by means of these 
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of interests and encourages the development of flexible and easy updatable software which 
will be modified – depending on the contingent necessity - by topic experts or computer 
scientists. 
Various kinds of components are created by programmers for a multitude of functions: 
graphics, animation, simulation, interaction with the users, sound effects and music... 
Within this framework educators will add the contents by creating knowledge repository 
which will interact with technical components. 
Once components are completed the educational software can be released. Normally this 
last phase consists of the compilation of the meta-software into the final usable product 
(Roschelle et al., 1999). 
Softwares created by means of standardized components present some advantages for the 
end users as well. Users in facts will easily get used to a standard interface which will be 
similar for any software they are using (provided it was realized by means of the same 
package) and will have immediately familiarity with interactions and way of use. 
Furthermore the simplicity of use of the components will allow users to modify them for 
creating their own learning tools perfectly fitting for their learning styles and teachers will 
model the tools they use on the basis of classes demands. 
Commercial (and not) common components can easily be obtained. Many of them are 
realized by means of popular programming languages such as Java. These languages allow 
a modular realization of components and an easy integration among technical and 
pedagogical issues together with a high flexibility and updating capabilities. 
Components developed in Java in particular take advantage of all the capabilities of this 
language, creating components exploiting heredity and abstract implementations which 
make  easy and fast the creation of the final product. Many educational softwares which can 
be found nowadays (often on line) have been produced by employing Java and Flash. These 
technologies allow the programmer to embed the final product in web pages by means of 
Java Applets which can be integrated in HTML pages with a few commands. For these 
reasons such tools are everyday more popular and users are becoming very familiar with 
interfaces and commands utilized in these softwares. 

 
5. Educational software case studies 
 

Educational software is becoming everyday more important and is becoming an integral 
part of educational tools used by students of all the ages. In some countries the use of such 
instruments has been included in curricula and teachers are involved in the development 
phase of many of them. Schools and institutions are favourable to the introduction of 
educational software and actively operate for their diffusion. In particular it can be 
mentioned the work carried out by the UK institution Schoolzone which, with the 
contribution and help of many teachers, edited an inventory of educational software on the 
market in order to help schools (and teachers) in the choice of software to purchase. The list 
– which can be found on http://www.schoolzone.co.uk/resources/evaluations/GuideEdition6.pdf - 
includes for each title a description of the software and its evaluation on the basis of several 
criteria. 
The advantages of using educational software at school are manifold. They are 
acknowledged to extend the exploration capabilities of students thanks to the variety of 
media involved and to the quantity of information they can provide. 

 

The appeal offered by these software makes learning more natural especially for young 
students so that they are spontaneously pulled toward the search of new information, 
playing some games. The use of educational software at school in facts contemplate as well 
home sessions for the students. 
Simulation softwares provide a link between theory and practice so that those concepts 
which are taught by the teacher in the classrooms can be empirically tested by means of the 
computer encouraging active discovery behaviour (Morsi & Jackson, 2007). Educational 
tools at school are used for evaluating students preparation as well: some software – 
expressly designed for the use at school – include modules for the assessment of students 
learning and many times these evaluation are provided autonomously by the software in a 
transparent way by respect to the user whose feedbacks and/or answers are passed to the 
teacher. Teacher – beside the merely evaluation of student comprehension of topics - uses 
the information provided by softwares for scheduling what to teach and how to teach. 
Teachers use educational software for reducing the time spent teaching in classrooms and 
possibly make use of this time for tutoring activities. 

 
5.1 Educational tools: some sample case studies 
 

Many are the themes handled by means of learning tools have been included in 
coursewares; most common topics are mathematics, computer science, history, literature . In 
the following some softwares of particular interest exploiting some of the functionalities 
described in this work are presented as examples. 
 
A software for improving mathematical skills in a natural way (Polard & Duke, 2002). 
Pollard and Duke presented in their work an educational tool for teaching mathematics to 
young children by exploiting all the functionalities offered by multimedia and PC-user 
interactions (Wills, 1994). They noticed that although many tools for teaching basic maths 
exist only few of them were capable to exploit such functionalities thus they created a 
software which can teach simple skills. The novelty proposed by the application consists of 
the freedom left to the student of solving the problem with his own strategy, in facts while 
most maths software simply ask some questions or pose problems and wait for an answer to 
be entered by the user by means of a textbox, in this case students operate freely interacting 
with the interface which allows several solving behaviours which were previously 
established from the analysis of the behaviour of children using paper and pen. Five 
possible behaviours were analysed and implemented through five interfaces which are 
proposed to the users in a transparent manner. 
In their work the authors show, by means of a series of test on children, that effectively users 
when coping with the proposed problem apply their own techniques for reaching a solution 
and improve their mathematical skill. 
The most interesting aspects of this work are the importance acknowledged to the 
possibility given to users to interact in different ways with the software. This consideration 
lead to the design of an adaptive interface which allows users to choose their strategies.  
 
A software for exploring art and history of Venice. VeGame (Bellotti et al., 2003) is a 
software developed by some researchers of Genoa University with the aim of making the 
visit of Venice a challenging and pleasant experience enhancing this way the quantity and 
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A software for exploring art and history of Venice. VeGame (Bellotti et al., 2003) is a 
software developed by some researchers of Genoa University with the aim of making the 
visit of Venice a challenging and pleasant experience enhancing this way the quantity and 
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quality of information obtained by such activity. VeGame (Venice Game) is substantially a 
game to be run on hand-held computers which guides through the visit of most important 
art and history sites of the city in the context of a treasure hunt. The game – addressed to 
young people – can be played in teams or individually and consists of a series of mini games 
which require the visit of main interest places of the city (squares, churches, monuments...). 
Some of these games ask for the completion of inscription which can be found on 
monuments, some others the reconstruction of images of paintings to be observed in 
churches or museums, further games need the exploration of some zones for answering 
some questions exploiting  clues present in the streets. 
VeGame exploit graphics and multimedia and provides a lot of information on the city; it is 
possible for instance to see the map of Venice or to get information on a church the user is 
visiting or a painting hei is looking at. The interaction with the software is extremely simple 
and natural and exploits the hand-held features.  
From a pedagogical point of view the software stimulates a constructive learning in the 
users which interact with the environment and are let to the observation of the city and to 
the gathering of many information for solving the riddles. The gaming nature of the 
software is very important as well, in facts it challenges the users which spontaneously look 
for information, observe and experience the exploration as a game. 
From a technical point of view the software was realized in an XML based language which 
allows an easy integration of multimedia contents and can be simply extended and modified 
in the future seconding users and instructors exigences. 
 
A software suite for the sensitization of children to environmental themes. “Three little 
pigs discovering materials” (Vannucci et al., 2009) is a software suite for the sensitization of 
primary school students to environmental themes such as the correct usage of materials, 
energy saving and recycling. Teaching in this case is made by relating, in the form of a 
highly interactive living book, the fairy tale of The three little pigs opportunely modified in 
order to relate the desired concepts. 
This software is a practical example of several methodologies and features described in this 
chapter and employed for the realization of a tool for teaching relatively complex concepts 
and addressed to young users. In particular due to the age of the it was paid attention to 
aspects such as the active and continuous involvement of the users in order to maintain 
higher as possible their attention to the handled topics according to the  considerations on 
the development of efficient teaching tools proposed by (Barbosa & Maldonado, 2006). For 
this reason the structure used for the development of the software follows the scheme of 
cartoons and comics, multimedia was used to create captivating scenarios and characters.  
Some games were added and entertaining elements were used in all the components of the 
suite for the same aim. 
The suite is composed by three interconnected parts that the user can freely explore and 
which are listed below and subsequently described more in detail: 

 the main story: in this part of the suite the main story of the three little pigs is told 
by means of interactive animations. Beside the story, many informations 
concerning the materials employed by the little pigs are passed to the user. 

 the knowledge improvements: where main informations about materials, their use 
and their recycling process are reported together with simple quizzes and other 
curiosities on the treated themes. 

 

 the games: some well-known games have been realized in order to verify in a 
funny way the learning of the concepts and to entertain the young users. 

 
The main story by means of 35 scenes relates the tales of The three little pigs which is used as 
a pretext to discuss about the desired environmental issues such as the materials employed 
for building pigs houses or to perform common works. In addition to these scenes some 
others such as the one shown in figure 3 have been added for focusing on some material 
themes. During the story it is possible to interact with characters and to move from one 
scene to another. 
Scenes were designed to be appealing to children. In particular they are colourful, full of 
animations and interactions. Scenes include music and sound effects and both narration and 
dialogues are written (by means of comics-style balloons) and spoken for those children 
who still can not read. Currently an Italian and English version of the software exist. 

 

Fig. 3. Sample screen shot showing one scene used for focusing on material themes. 
 
The main story works as a starting point for reaching additional scenes where 
environmental themes are handled more in detail. In particular from main story scenes it is 
possible to obtain further explanations on materials by clicking on some highlighted objects 
in the scene. For instance in figure 4 by clicking on the wooden house the user will jump to a 
set of scenes describing wood properties. For each of the handled materials (steel, wood, 
concrete, glass, plastic) several aspects are described: their story,  their use and features and 
their recycling. 
This part of the suite is characterized by the presence of many interactions with the scene 
elements. By clicking on objects and characters for instance the user gets explanations on 
particular stuffs or curious information and hints. During the narration children are asked to 
answer questions and play simple games on the described topics in order to keep them 
interested on the themes and to verify users learning. 
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Fig. 4. Screen shots from the main story where it is possible to see the hyperlink to the 
special contents scenes. 
 
The aim of the previously described parts of the suite is to provide to the users information 
for a correct usage of materials. In order to evaluate the comprehension of the taught 
concepts and to entertain the users, two interactive games were developed. The developed 
games maintain a link with the other parts of the suite, in facts they share characters and 
scenes of the main story and the same philosophy. Games were designed to be stimulating  
so as to favour their exploration and to make the entertaining nature emerge hiding the 
educational one. 
The two games (whose screen shots are depicted in figure 5a and 5b) which have been 
implemented are very popular among youngsters and easy to be played by primary school 
children. The first one is the Memory game where a set of card pairs are placed on the table 
and the player has to find all the couples by disclosing the cards two by two. The suite 
includes a particular extension of this popular game: the associative memory in which 
couples are associated by a particular criterion (i.e. objects made on the same material) 
which was particularly appreciated by children. 
 

Fig. 5. a, 5. b Screen shots from the two games included in the suite. Figure 5. a (on the left) 
shows the puzzle game while figure 5. b (on the right) the memory game. 
 
The suite was implemented by using Flash animations and the Java programming language. 
Both these standards allowed the use of a lot of multimedia contents and, by using the 
ActionScript extension, the use of components characterized by high interactivity with the 
user which made the tool easy to use even for young children. Furthermore these 
technologies are familiar to children as many web pages already use it.  

 

The suite can be either part of a stand alone executable software or embedded in an HTML 
page through a an Applet thanks to the emploied development tool. Flash and the Java 
programming language in facts grant the portability of the software which is a key issue for 
a wide use of the software (Beynon & Mackay, 1993). 
The whole suite has been tested by a group of primary school children who interacted with 
the software in all its aspects and enjoyed it. In particular students liked the story and the 
extra contents for their cartoons-like appearance and for the interaction possibilities.  
Subsequently in the talks and interviews with the teachers they proved a good 
understanding of the key concepts handled by the software proving this way its efficiency. 

 
6. Conclusions 
 

In this chapter the role and the significance of educational softwares as learning tools was 
discussed. In particular their features were highlighted together with the advantages 
provided to the users (both learners and teachers) by the use of multimedia and interaction 
with the user which are offered by the last generations of these tools. 
The evolution of educational software has been outlined drawing attention to technological 
development which since the first appearance of learning tools played a fundamental role in 
their characterization and efficiency. The key features of educational software have been 
pointed out and their importances have been analysed both from a technical and from a 
pedagogical point of view and most importance technologies for the implementation of such 
instruments have been described and discussed. Finally three representative case studies of 
existing educational tools have been described in order to show how the discussed 
techniques are put into practice. 
From the analysis and considerations carried out in this chapter the importance of 
educational software emerges as they can offer to users and in particular to children a new 
and exciting approach to the learning process encouraging autonomy, self consciousness,  a 
personal learning styles, the involvement of experience and a multi-sensory learning. 

 
7. References 
 

Barbosa, E.F.; Maldonado, J.C. Toward the establishment of a standard process for 
developing educational modules. Frontiers in education conference 36th annual, 
2006. 

Bellotti, F.; Berta, R.; De Gloria, A.; Margarine, M.  VeGame: exploring art and history in 
Venice. IEEE Computer, September 2003. 

Beynon, J.; Mackay, H. Computers into classrooms: more questions than answers. The 
Falmer press, London UK, 1993. 

Carver, R. Computer assisted instruction for a first course in computer science. Frontiers in 
education conference, vol. 2, 1996. 

Castro-Sanchez, J.; Del Castillo, E.; Hortolano, J.; Rodriguez, A. Designino and using 
software for educational purposes: FLAT, a case study. Education, IEEE 
transactions on, vol. 52, 2009. 

Guzdial, M.; McCracken, M.; Ellito, A.. LCD: a learner centered approach to developing 
educational software. Frontiers in education conference proceedings,  vol. 2, 1997. 

Educational	software	as	a	learning	tool	for	primary	school	students 323

 

Fig. 4. Screen shots from the main story where it is possible to see the hyperlink to the 
special contents scenes. 
 
The aim of the previously described parts of the suite is to provide to the users information 
for a correct usage of materials. In order to evaluate the comprehension of the taught 
concepts and to entertain the users, two interactive games were developed. The developed 
games maintain a link with the other parts of the suite, in facts they share characters and 
scenes of the main story and the same philosophy. Games were designed to be stimulating  
so as to favour their exploration and to make the entertaining nature emerge hiding the 
educational one. 
The two games (whose screen shots are depicted in figure 5a and 5b) which have been 
implemented are very popular among youngsters and easy to be played by primary school 
children. The first one is the Memory game where a set of card pairs are placed on the table 
and the player has to find all the couples by disclosing the cards two by two. The suite 
includes a particular extension of this popular game: the associative memory in which 
couples are associated by a particular criterion (i.e. objects made on the same material) 
which was particularly appreciated by children. 
 

Fig. 5. a, 5. b Screen shots from the two games included in the suite. Figure 5. a (on the left) 
shows the puzzle game while figure 5. b (on the right) the memory game. 
 
The suite was implemented by using Flash animations and the Java programming language. 
Both these standards allowed the use of a lot of multimedia contents and, by using the 
ActionScript extension, the use of components characterized by high interactivity with the 
user which made the tool easy to use even for young children. Furthermore these 
technologies are familiar to children as many web pages already use it.  

 

The suite can be either part of a stand alone executable software or embedded in an HTML 
page through a an Applet thanks to the emploied development tool. Flash and the Java 
programming language in facts grant the portability of the software which is a key issue for 
a wide use of the software (Beynon & Mackay, 1993). 
The whole suite has been tested by a group of primary school children who interacted with 
the software in all its aspects and enjoyed it. In particular students liked the story and the 
extra contents for their cartoons-like appearance and for the interaction possibilities.  
Subsequently in the talks and interviews with the teachers they proved a good 
understanding of the key concepts handled by the software proving this way its efficiency. 

 
6. Conclusions 
 

In this chapter the role and the significance of educational softwares as learning tools was 
discussed. In particular their features were highlighted together with the advantages 
provided to the users (both learners and teachers) by the use of multimedia and interaction 
with the user which are offered by the last generations of these tools. 
The evolution of educational software has been outlined drawing attention to technological 
development which since the first appearance of learning tools played a fundamental role in 
their characterization and efficiency. The key features of educational software have been 
pointed out and their importances have been analysed both from a technical and from a 
pedagogical point of view and most importance technologies for the implementation of such 
instruments have been described and discussed. Finally three representative case studies of 
existing educational tools have been described in order to show how the discussed 
techniques are put into practice. 
From the analysis and considerations carried out in this chapter the importance of 
educational software emerges as they can offer to users and in particular to children a new 
and exciting approach to the learning process encouraging autonomy, self consciousness,  a 
personal learning styles, the involvement of experience and a multi-sensory learning. 

 
7. References 
 

Barbosa, E.F.; Maldonado, J.C. Toward the establishment of a standard process for 
developing educational modules. Frontiers in education conference 36th annual, 
2006. 

Bellotti, F.; Berta, R.; De Gloria, A.; Margarine, M.  VeGame: exploring art and history in 
Venice. IEEE Computer, September 2003. 

Beynon, J.; Mackay, H. Computers into classrooms: more questions than answers. The 
Falmer press, London UK, 1993. 

Carver, R. Computer assisted instruction for a first course in computer science. Frontiers in 
education conference, vol. 2, 1996. 

Castro-Sanchez, J.; Del Castillo, E.; Hortolano, J.; Rodriguez, A. Designino and using 
software for educational purposes: FLAT, a case study. Education, IEEE 
transactions on, vol. 52, 2009. 

Guzdial, M.; McCracken, M.; Ellito, A.. LCD: a learner centered approach to developing 
educational software. Frontiers in education conference proceedings,  vol. 2, 1997. 



New	Achievements	in	Technology,	Education	and	Development322

 

Fig. 4. Screen shots from the main story where it is possible to see the hyperlink to the 
special contents scenes. 
 
The aim of the previously described parts of the suite is to provide to the users information 
for a correct usage of materials. In order to evaluate the comprehension of the taught 
concepts and to entertain the users, two interactive games were developed. The developed 
games maintain a link with the other parts of the suite, in facts they share characters and 
scenes of the main story and the same philosophy. Games were designed to be stimulating  
so as to favour their exploration and to make the entertaining nature emerge hiding the 
educational one. 
The two games (whose screen shots are depicted in figure 5a and 5b) which have been 
implemented are very popular among youngsters and easy to be played by primary school 
children. The first one is the Memory game where a set of card pairs are placed on the table 
and the player has to find all the couples by disclosing the cards two by two. The suite 
includes a particular extension of this popular game: the associative memory in which 
couples are associated by a particular criterion (i.e. objects made on the same material) 
which was particularly appreciated by children. 
 

Fig. 5. a, 5. b Screen shots from the two games included in the suite. Figure 5. a (on the left) 
shows the puzzle game while figure 5. b (on the right) the memory game. 
 
The suite was implemented by using Flash animations and the Java programming language. 
Both these standards allowed the use of a lot of multimedia contents and, by using the 
ActionScript extension, the use of components characterized by high interactivity with the 
user which made the tool easy to use even for young children. Furthermore these 
technologies are familiar to children as many web pages already use it.  

 

The suite can be either part of a stand alone executable software or embedded in an HTML 
page through a an Applet thanks to the emploied development tool. Flash and the Java 
programming language in facts grant the portability of the software which is a key issue for 
a wide use of the software (Beynon & Mackay, 1993). 
The whole suite has been tested by a group of primary school children who interacted with 
the software in all its aspects and enjoyed it. In particular students liked the story and the 
extra contents for their cartoons-like appearance and for the interaction possibilities.  
Subsequently in the talks and interviews with the teachers they proved a good 
understanding of the key concepts handled by the software proving this way its efficiency. 

 
6. Conclusions 
 

In this chapter the role and the significance of educational softwares as learning tools was 
discussed. In particular their features were highlighted together with the advantages 
provided to the users (both learners and teachers) by the use of multimedia and interaction 
with the user which are offered by the last generations of these tools. 
The evolution of educational software has been outlined drawing attention to technological 
development which since the first appearance of learning tools played a fundamental role in 
their characterization and efficiency. The key features of educational software have been 
pointed out and their importances have been analysed both from a technical and from a 
pedagogical point of view and most importance technologies for the implementation of such 
instruments have been described and discussed. Finally three representative case studies of 
existing educational tools have been described in order to show how the discussed 
techniques are put into practice. 
From the analysis and considerations carried out in this chapter the importance of 
educational software emerges as they can offer to users and in particular to children a new 
and exciting approach to the learning process encouraging autonomy, self consciousness,  a 
personal learning styles, the involvement of experience and a multi-sensory learning. 
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Institutes of Technology (IoT) in Ireland didn’t engage in significant levels of research until 
comparatively recently. With Ireland’s move towards a knowledge society and to position 
Irish Industry to take full advantage of economic recovery when it arrives, it is imperative 
that the research resources in the IoT sector are utilised more effectively. Most national 
programmatic research schemes support new research initiatives including greater 4th level 
activity and IoTs have or are developing research initiatives to respond to these schemes. 
Over the past 5 years significant increases have occurred in the numbers of graduates (at 
both masters and doctorate levels) from the IoT sector. Such graduates have garnered 
considerable research experience making their skills very attractive for employment in 
industry, the professions and wider society. 
 
Attempts to address the gap in research between the Institutes of Technology and the more 
traditional Universities, have only been partially successful, although a significant increase 
in both the quality and the quantity of research conducted in the Institutes has occurred. 
However, significant issues remain that impede progress towards becoming more effective 
research-informed or research-led establishments. IoT’s were originally set up to provide 
high level technical education and training with a strong regional focus. Only since 1992 
have the IoTs had the opportunity to become 3rd level, research informed institutes and are 
now graduating students at all levels up to PhD in a wide range of disciplines. 
 
This paper presents the results of a recent study that assessed the impediments to research 
being carried out in the IoT sector. It was conducted by members of the country’s largest 
IoT, Dublin Institute of Technology (DIT). A thorough analysis of key strategic research 
publications outlining issues affecting research in both national and international regions 
(and especially in other European institutions) has highlighted many of the most important 
problems. The key issues identified included implementation of restrictive employment 
contracts (teaching and time constraints), inflexible human resource practices (involving 
employment of inexperienced research staff), lack of physical infrastructure, poor 
management infrastructure, inadequate funding models, resource issues concerning annual 
leave and often an institutional ambivalence towards a research culture. These are discussed 
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in the context of the needs of DIT and similar Higher Education Institutes throughout the 
country. In addition key researchers were surveyed to ascertain their views. Once identified, 
the intention of this process was to address the barriers at executive level in an attempt to 
either remove them completely, or to minimise their potential impact for the benefit of the 
country’s burgeoning research sector.  

 
1. Introduction 
 

Formed from an amalgamation of colleges, some dating back to 1887, Dublin Institute of 
Technology (DIT) is one of the country’s oldest educational institutions. The DIT Act of 1992 
brought together six colleges of higher education, formerly under the City of Dublin 
Vocational Educational Committee. It has over 20,000 students and is one of the largest 
Higher Educational Institutes (HEIs) in the country, providing courses ranging from 
Apprenticeship level to ordinary and honours level degree courses. More recently 
postgraduate programmes with a pronounced research content have been developed. These 
include Masters and Ph D degrees as well as Postdoctoral training schemes.  
 
The European Union’s Framework Research Programme VII (FP VII) has changed the 
landscape for the majority of European HEI’s. Even in terms of domestic funding, a research 
team will often consider how an application to a funding body, say to build a ‘core strength’, 
can position the researchers to engage in broader inter-institutional and international 
programmes. The pursuit of a personal interest or specialisation may have to be subjugated 
to the necessity of providing niche research for a larger group. Purchase of equipment and 
recruitment may be determined by the requirements of an industrial partner. The provision 
of a specialist piece of laboratory equipment, that may never find an application in 
undergraduate programmes, or the appointment of specialist research staff, probably on 
fixed-term or special purpose contracts, raises critical issues about the aims and ethos of 
higher education. In some systems there is already a move to a demarcation between 
‘research led’, ‘research informed’ and ‘teaching only’ universities. This realignment can be 
either planned or unplanned, but inevitably, two questions arise: 
 
1. Can undergraduate teaching programmes retain their standard and relevance if 
they are not research informed by academics? Doing so will ensure that their teaching of 
undergraduates is contemporaneous through engagement in research or other equivalent 
forms of scholarship. 
2. Does research carried out by specialist teams in R&D centres, often with a 
commercial focus, have tangible benefits for taught programmes?  
 
Institutes of Technology, such as DIT, with a relatively recent track history of research have 
found  it difficult to participate in many research programmes, especially larger-funded 
projects, such as those undertaken in FP VII. A less well-developed research infrastructure 
has hindered some of the IoT’s, especially by comparison with many University 
departments with a well-established research ethos. Mechanisms have to be developed to 
overcome this and many other problems unique to the IoT Sector. One of the most 
productive solutions developed over the past few years has proven to be the setting up of 

dedicated Research Support Units or Offices with a strong mandate to promote, manage and 
assist the conduct of research in the IoT’s. 

 
2. Barriers to the Development of Academic Research in an Irish Higher 
Education Institution 
 

Dublin Institute of Technology, like all other Higher Education Institutions (HEI’s), seeks 
solutions to balancing teaching and research that are grounded in its own unique setting. It 
is the largest university-level HEI in Ireland and is actively pursuing university status. The 
European University Association (EUA) determined in its recent assessment that DIT meets 
the requirements for definition as a university {1}. The institute is currently dispersed 
around more than thirty sites spread mainly around the centre of Dublin. However the 
imminent move to a single campus (in Grangegorman near central Dublin), the largest 
single investment ever in education in the state, will help to remove many of these 
geographical difficulties. It presents a unique opportunity to blend state-of-the-art facilities 
with a highly developed knowledge base and experience. In this context, close to forty 
percent of DIT undergraduate courses are unique in Ireland. Strengthening research in its 
six faculties and in the R&D centres and groups (listed in Table 1) focuses on realising two 
goals outlined in its Research and Scholarship Strategy {2} for 2007 – 2011 (This new strategy 
modifies targets that were set and achieved in the last four years {3}, however, the most 
significant goals remain essentially unaltered): 
 
1. To advance research and scholarship within DIT, including technology and 
knowledge transfer, whilst developing the expertise of its staff and students and positively 
impacting upon and improving the Institution’s educational programmes. 
2. To support Ireland’s requirement for a knowledge-based society by engaging in 
research and scholarship, including knowledge transfer, thereby making a direct 
contribution to the needs of Irish industry and the economy while enhancing DIT’s position 
as a leading higher educational institution. 
 

 
The Focas Institute A multi, interdisciplinary research 

institute in the physical sciences. 

 

Centre for Research in Engineering 
Surface Technology (CREST) 

CREST is the leading surface coatings 
and corrosion control laboratory in 
Ireland 

 
Dublin Energy Lab (DEL) DEL is a leading energy related 

research and development laboratory 

 
Industrial and Engineering Optics (IEO) IEO specialises in holographic and 

interferometric techniques.  

 

Computer Networks Research Institute 
(CNRI) 

CNRI specialises in pure and applied 
research in all aspects of 
communications networks. 

 

Radiation and Environmental Science 
Centre (RESC) 

RESC specialises in radiation biology 
and environmental toxicology 
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higher education. In some systems there is already a move to a demarcation between 
‘research led’, ‘research informed’ and ‘teaching only’ universities. This realignment can be 
either planned or unplanned, but inevitably, two questions arise: 
 
1. Can undergraduate teaching programmes retain their standard and relevance if 
they are not research informed by academics? Doing so will ensure that their teaching of 
undergraduates is contemporaneous through engagement in research or other equivalent 
forms of scholarship. 
2. Does research carried out by specialist teams in R&D centres, often with a 
commercial focus, have tangible benefits for taught programmes?  
 
Institutes of Technology, such as DIT, with a relatively recent track history of research have 
found  it difficult to participate in many research programmes, especially larger-funded 
projects, such as those undertaken in FP VII. A less well-developed research infrastructure 
has hindered some of the IoT’s, especially by comparison with many University 
departments with a well-established research ethos. Mechanisms have to be developed to 
overcome this and many other problems unique to the IoT Sector. One of the most 
productive solutions developed over the past few years has proven to be the setting up of 

dedicated Research Support Units or Offices with a strong mandate to promote, manage and 
assist the conduct of research in the IoT’s. 

 
2. Barriers to the Development of Academic Research in an Irish Higher 
Education Institution 
 

Dublin Institute of Technology, like all other Higher Education Institutions (HEI’s), seeks 
solutions to balancing teaching and research that are grounded in its own unique setting. It 
is the largest university-level HEI in Ireland and is actively pursuing university status. The 
European University Association (EUA) determined in its recent assessment that DIT meets 
the requirements for definition as a university {1}. The institute is currently dispersed 
around more than thirty sites spread mainly around the centre of Dublin. However the 
imminent move to a single campus (in Grangegorman near central Dublin), the largest 
single investment ever in education in the state, will help to remove many of these 
geographical difficulties. It presents a unique opportunity to blend state-of-the-art facilities 
with a highly developed knowledge base and experience. In this context, close to forty 
percent of DIT undergraduate courses are unique in Ireland. Strengthening research in its 
six faculties and in the R&D centres and groups (listed in Table 1) focuses on realising two 
goals outlined in its Research and Scholarship Strategy {2} for 2007 – 2011 (This new strategy 
modifies targets that were set and achieved in the last four years {3}, however, the most 
significant goals remain essentially unaltered): 
 
1. To advance research and scholarship within DIT, including technology and 
knowledge transfer, whilst developing the expertise of its staff and students and positively 
impacting upon and improving the Institution’s educational programmes. 
2. To support Ireland’s requirement for a knowledge-based society by engaging in 
research and scholarship, including knowledge transfer, thereby making a direct 
contribution to the needs of Irish industry and the economy while enhancing DIT’s position 
as a leading higher educational institution. 
 

 
The Focas Institute A multi, interdisciplinary research 

institute in the physical sciences. 

 

Centre for Research in Engineering 
Surface Technology (CREST) 

CREST is the leading surface coatings 
and corrosion control laboratory in 
Ireland 

 
Dublin Energy Lab (DEL) DEL is a leading energy related 

research and development laboratory 

 
Industrial and Engineering Optics (IEO) IEO specialises in holographic and 

interferometric techniques.  

 

Computer Networks Research Institute 
(CNRI) 

CNRI specialises in pure and applied 
research in all aspects of 
communications networks. 

 

Radiation and Environmental Science 
Centre (RESC) 

RESC specialises in radiation biology 
and environmental toxicology 
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Digital Media Centre (DMC) 

DMC specialises in geospatial 
information systems, speech, audio and 
cognition and social, e-community 
software and artificial intelligence. 

 
Centre for Elastomer Research (CER) 

CER specialises in the characterisation 
of hyperelastic and viscoelastic 
properties of elastomers. 

 

Centre for Social and Educational 
Research (CSER) 

CSER is a dynamic and innovative 
research centre which seeks to improve 
the quality of life of children, family 
and society.  

 

Centre for Transcultural Research and 
Media Practice (CTMP) 

CTMP specialises in the public 
understandings of migration and 
globalization, post-conflict/border 
zones and transcultural identity 
formations in Ireland and beyond. 

 
Tourism Research Centre (TRC) 

Marketing, tourism, training and 
research expertise for the tourism 
industry 

 

Food Product Development Centre 
(FPDC) 

FPDC provides a comprehensive range 
of confidential, professional and 
innovative services to support the Irish 
food industry. 

 
The Futures Academy  

The Futures Academy develops a more 
innovative and effective approach to 
long term planning through the ‘futures 
thinking’ 

 
The Marine Research Centre (MRC) 

MRC specialises in the Rapid detection 
and quantification of pathogenic 
organisms and environmental issues in 
relation to fish health 

  

National Institute of Transport and 
Logistics (NITL) 

NITL is a fundamental resource for 
logistics and sustainable transport 
efficiency in Ireland 

 
Photonics Research Centre (PRC) Photonics research with a particular 

emphasis on optical sensing 

 

Research Institute for Culture and 
Heritage (RICH) 

RICH Fosters the development of high 
quality research in culture and heritage 

 

Institute of Minority Entrepreneurship 
(IME) 

IME Researching the needs of minority 
entrepreneurship groups 

 

Antenna and High Frequency Research 
Group (AHFR) 

AHFR specialises in the analysis, design 
and measurement of radio frequency 
and microwave devices 

 

Consumption & Leisure Studies SIG 
(CLS) 

CLS studies consumption, consumer 
society, media studies, and sport and 
leisure-related studies 

 
Audio Research Group (ARG) ARG researches speech and audio 

processing 

 
Discourse Analysis Group (DAG) DAG researches discourse from talk to 

text to music 

 

Electrical Power Research Group 
(EPRG) 

EPRG is working in power quality 
conditioning  

 

Physics Education Research Group 
(PERG) 

PERG Researches pedagogical 
innovations in physics education  

 
(TeaPOT) 

TeaPot Researches technology that 
interacts with humans or with the 
human body 

 
DIT Retail Research Unit (DRRU) Conducts research of relevance to the 

retail industry 

Table 1. DIT Research Institutes, Centres, Units and Groups 
 
Many of DIT’s leading research centres are located in the Focas Research Institute {4}, which 
was created with funding from the Programme for Research in Third Level Institutes 
(PRTLI) and is an example of a successful public-private partnership approach. Focas was 
designated formally as a Research Institute following external independent review in 2007 
and as such provides a model for the creation of other Research Institutes in DIT.  

 
3. Barriers to Research Group 
 

In order to identify many of the unique issues impacting upon research in DIT, a Barriers to 
Research Group was formed from Research Managers and some research-active staff across 
the Institute. Its remit was to identify the currently existing Barriers to Research. Findings 
were then presented to the Institute’s Directors for further action. The methodolgy 
undertaken was a critical review of existing reports, analysis and categorisation of issues 
raised. A wide variety of documents and reports from a range of sources were examined, 
including those from national, international, private sector and educational institutions. 
These were all given due consideration by the group before being summarised as key points 
resulting in a series of recommendations, leading to an implementation plan to address the 
issues. These were recently presented to the Institute’s Directors.  
 
However, one significant omission was the lack of importance attached to issues concerning 
equality of research opportunities, especially with regard to issues of gender. DIT 
researchers did not attach any special significance to this and both genders maintained that 
this was not important in the Institute. The Barriers Group recommended however that this 
be kept under review. 
 
Barriers to conducting research resulting from this process are identified in Table 2. 
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Entries Rank Contents/Issues 

30 1 Teaching contract and teaching load 

18 2 Accommodation and access 

16 3 Research quality measures and methods 

12 4 Access to help and support 

8 5= Administration and procedures 

8 5= Postgraduate supervision capacity and training 

8 5= Access to and relevance of information 

6 8 Perception and marketing of DIT research 

5 9 Research partnerships and alliances 

3 10= Technical help and support 

3 10= Structure and organisation of centres 

2 11 Lack of internal financial incentives (seed funding, sabbaticals, 
etc.). 

- - Equality of research opportunities/gender  

Table 2. Barriers to Conducting Research in IoTs in Ireland 
 
A number of key issues were identified in this approach. They included implementation of 
restrictive employment contracts (with teaching and time constraints), restrictive human 
resource practices (involving preferential employment of staff in the past who may be 
inexperienced in conducting research), lack of physical infrastructure, poor management 
infrastructure, inadequate funding models, resource issues concerning annual leave and an 
institutional ambivalence towards a research culture. These are discussed in the following 
sections: 
1. One of the key issues is that surrounding the teaching commitment demanded of IoT 
lecturers. With a typical teaching load significantly greater than that normally undertaken 
by lecturers in traditional Universities, time devoted to research activity is often very 
restricted. This is one of the most cited problems. In conjunction with restrictive 
employment contracts, it makes it much more difficult for IoT lecturers to perform research 
than for their University counterparts {5}. Some research funding schemes do however 
recognise this and it is sometimes possible to buy-out time, providing replacements to 
deliver parts of modules and courses.  
It is not sufficient to consider time spent in research and teaching time as equivalent. By 
making an absolute equivalence between “research time” and “teaching time” there is a 
danger that most research active staff will end up being relieved of any teaching. This 
would be a most unfortunate consequence. While it is very difficult to measure, the impact 
of research on teaching is crucial to keeping teaching materials and content 
contemporaneous. Letting research evolve into a parallel activity to teaching rather than 
being fully integrated would dramatically undermine an institute’s ability to prepare 
undergraduate students for careers in the real economy. 

There is another important issue as often “recearch activity” is not counted in career 
progression in the IoT sector. This sector is still predominantly teaching focussed. The 
procedures inherited make the recognition of research effort in career progression very 
difficult. The Barriers to Research Group has recommended that DIT re-evaluate 
progression criteria in order to ameliorate this issue. 
 
2. As in many third level institutions significant growth in student numbers in recent years 
has placed enormous pressure on facilities. Accommodation for laboratories, lecture halls, 
libraries and especially postgraduate student offices is limited. In additiion institutions, 
designed for teaching purposes often restrict after-hours access, meaning some facilities are 
unavailable for research. This is a special problem in Summer when undergraduate holidays 
occur. 
 
3. It is difficult to measure and maintain research quality and this can impinge upon 
postgraduate student recruitment making the IoT less attractive to a potential researcher 
and/or research partner from another institution. Often a wide variation in research quality 
can occur within an institution. 
In the absence of any national research quality assessment, the quality of research activity 
and outputs are difficult to measure either among peer institutes in Ireland, or more 
generally, against potential partner institutes in other countries. Researchers themselves 
advocate a transparent programme of research assessment.  
 
4. Gaining access to help and support divides into two related issues. The first is access to 
adequate administrative help and support before, during and after a project’s completion. 
This is an issue for Institute Management but in an increasingly fraught economic situation, 
it is becoming more difficult to identify and allocate appropriate resources to this function. 
However it does highlight the necessity for full-cost accounting for research and does 
highlight the issue around institutional overheads from where this type of support should 
be paid. In larger institutions such as DIT, it can be difficult to identify the people 
responsible for certain functions. DIT is currently developing an integrated Research 
Information System to provide “one-stop” access to DIT staff to relevant information and 
help. 
The second support issue faced by many recearch active staff is insufficient technical staff. 
There is a strong case for the employment of dedicated research technicians who can assist 
the efficient running of facilities.  
 
5. Administrative issues and procedures can cause Researchers considerable concern. There 
is a need to reduce bureaucracy and eliminate problems caused by historical practices which 
are largely paper-based approaches. Many of these procedures are currently under review 
and will be streamlined in the near future. Internal electronic communications and 
information are essential for overcoming the problem. Again it can sometimes be difficult to 
identify the person responsible for a certain function and the internal web is used to resolve 
such problems in DIT. 
Recent moves in Ireland towards the development of a national research information 
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sections: 
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designed for teaching purposes often restrict after-hours access, meaning some facilities are 
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concerned parties. This will force the Institute to update its information requirements and to 
move the collection of research information on-line. 
 
6. Postgraduate supervison and training is extemely important for the performance of 
research. Effective supervision ensures that the student completion rate is high. However 
supervision is a skill that has to be learned and very effective training programmes have 
been instituted in DIT to alleviate these problems. In addition it is intended that more 
training be given to postgraduate researchers in a wide range of skills, thereby equipping 
them better for future employment in industry. The Graduate Research Education 
Programmes (GREPs) are intended to address this after a Training Needs Analysis has 
identified the precise training requirements. 
 
7. DIT is a large institution and information can often be difficult to obtain. Electronic 
information is available on the intranet but again it can be difficult to identify. Regular 
updates of activities, including those concerning research are made available on the web 
(“Update”) as well as a magazine entitled “Innovation”. The latest edition of a research 
magazine, “Research News” specifically showcasing the best of DIT’s research is soon to go 
to print. It has already proven to be an effective aid in identifying and promoting 
researchers and their activities throughout the Institute.  
 
8. The remaining issues concern a range of topics, some of which are currently being 
addressed. For example Research Centres are moving to faculty control thereby 
streamlining the decision-making processes. The success of this move from direct Research 
Support control will only become apparent in the future. 

 
4. Future Research Direction in the Institute 
 

After a rigorous cross-institute review of research strengths DIT established a policy of 
supporting and promoting research in the following six key areas: 
1. Social, Business and Economic Development  
2. Environmental Sustainability  
3. New Materials and Technologies  
4. Food and Health Sciences 
5. Creative Arts and Media.  
6. Information and Communication Technologies 
Two immediate changes ensued from this policy. Firstly, internal competitive research 
funding switched from a programme of creating sustainable research teams where the 
quality of research was the principal criterion (twenty one teams had each been funded for 
two years under the Team Research Scheme, TERS) to the support of teams aligned to the 
five research strengths (Research Capacity Building Scheme, CaBS). Secondly, external 
funding bids were sharpened by alignment to a clearly defined strategy. Of necessity, teams 
were drawn together from both within and across disciplines. This heightened the need for 
the strategic inclusion of national and international partners. DIT research with external 
collaborators is underway in all the disciplines aligned to the Institute’s recognised research 
strengths. Examples include joint research programmes with the Deutsches Institut Für 
Kautschuktechnologie (DIK, the German Rubber Research Institute), University of Art and 

Design Helsinki, Universitat Pompeu Fabra Barcelona, VTT Finland, University of Limerick, 
Athlone Institute of Technology, Trinity College Dublin, and Dublin City University 
amongst many others.  
 
Hence, DIT research has moved from individual or localised team projects to strategic 
research clusters. This process is aided significantly by Ireland’s practical support for 
proposals under the European Union’s FP VII, by providing an FP VII National Director and 
National Delegates and Co-ordinators in all the research themes. A series of high profile 
events have highlighted national support for the programme and generous grants of €25000 
are readily available to all prospective research proposal co-ordinators, as well as €2500 
travel grants for FP VII participants. This enables researchers to spend time preparing 
proposals and to meet potential collaborators overcoming two of the major concerns 
preventing many research-active academics from participation.  
 
To consolidate measures to ensure an increase in research activity and greater engagement 
in interdisciplinary research projects, DIT set challenging targets for research over the five 
year period 2005-2010 {3} Meeting these targets required doubling outputs in the key metrics 
(Ph D registrations and completions, research earnings, refereed journal publications, 
citations and evidence of research applications) in this five year period. Crucially a 2 to 1 
ratio of MPhil to PhD registrations and completions was reversed to provide the research 
doctoral graduates that Irish industry and the professions need.  
 
Reorganisation of management structures is essential to bring about change, so ‘Research 
Support’ is evolving into the provision of a dedicated Office of Research and Doctoral 
Studies that includes Research Finance, a Technology Transfer Office and R&D managers 
with specific responsibility for the major funding schemes and research aligned to the 
Institutes research strengths. Concurrently, DIT has embarked on a policy of creating sixty 
academic posts that are predominantly research positions and sixty others that are 50% 
research positions. Also, the Institute’s centres and groups, most of which are listed in Table 
1, have all been placed in and across faculties to ensure that research and development does 
not become an activity wholly separated from teaching and learning and has more than just 
a commercial value for the Institute. 
With this policy change, the central role of the Faculty Head of Research becomes evident. 
These individuals are uniquely placed to ensure that research takes place throughout and 
across faculties, that strategic links are built beyond the Institute and that academic 
researchers are applying for funds from appropriate schemes at the right times.  Similarly, a 
proactive technology transfer office is essential for this arrangement to exploit the potential 
of the research resulting in patents, licenses and Spin-out companies. The health of R&D in 
the Institute cannot be safeguarded without rigorous external periodic reviews of faculties 
and centres. 
At the same time, in a difficult economic climate it is recognised that greater emphasis on 
joint research with Industry and greater success in European funding schemes are of major 
importance. To this end, DIT has established task forces to strengthen Industry led research 
and European engagement and these two groups are dominated by industry experts 
external to the Institute.  
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across faculties, that strategic links are built beyond the Institute and that academic 
researchers are applying for funds from appropriate schemes at the right times.  Similarly, a 
proactive technology transfer office is essential for this arrangement to exploit the potential 
of the research resulting in patents, licenses and Spin-out companies. The health of R&D in 
the Institute cannot be safeguarded without rigorous external periodic reviews of faculties 
and centres. 
At the same time, in a difficult economic climate it is recognised that greater emphasis on 
joint research with Industry and greater success in European funding schemes are of major 
importance. To this end, DIT has established task forces to strengthen Industry led research 
and European engagement and these two groups are dominated by industry experts 
external to the Institute.  
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5. Building Sustainable Academic Research 
 

In March 2000 in Lisbon  the European Council endorsed the objective of creating a 
European Research Area (ERA) {6}. This was a response to the growing globalisation of 
Research and Technology and the emergence of eastern economies with increasing Research 
and Technology capabilities. The intention is to make Europe a leading Knowledge Society, 
thus creating favourable conditions for long term prosperity {7}. The Irish National 
Development Plan (2007-2013) follows these ideals and great emphasis is placed on the 
urgent need to conduct more research {8}. Consequently there has been a steady increase in 
expenditure over the past ten years on Science Technology and Innovation (SSTI), the rate 
accelerating within the period 2000-2006 as identified in the Plan. Two significant initiatives 
occurred during this period; the creation of Science Foundation Ireland (SFI) and the 
Programme for Research in Third Level Institutions (PRLTI), both of which have had a 
profound influence on the country’s research capacity and its profile.  
 
The “European Research Area: New Perspectives Green Paper” {9} describes several key 
outcomes leading to the creation of effective research policies. It sets out the need for an 
adequate flow of competent researchers with high mobility across institutions, disciplines 
and various sectors. It promotes the idea of the formation of World-Class research 
infrastructures both networked and accessible to research teams from across Europe and the 
World. Excellent research institutions engaged in public-private schemes, formation of 
research and innovation clusters in interdisciplinary areas are sought and effective 
knowledge sharing is required notably between academia and industry. Well-coordinated 
research programmes and priorities are essential as part of the European research agenda 
and a special emphasis is placed on interaction with neighbouring countries and a 
commitment to addressing global challenges with Europe’s partners. 
 
Two key outputs are defined in the Strategy for Science Technology and Innovation 2006-
2013 {10}: the creation of highly educated people and new knowledge. Ireland with 125 
PhDs per million graduating population in 2001 is well behind Switzerland (364), Finland 
(363), Denmark (169) and the UK (239). There is an urgent need for this gap to be closed in 
order that Ireland can compete in the global knowledge economy. Thus an increase of PhD 
numbers (doubling) and the desire to build a sustainable system of World Class research 
teams are key actions. This requires recognition of the need for progression of team 
members to other roles. Equitable career paths for researchers has become a central issue in 
safeguarding academic research and the opportunity must be available to progress from 
Postdoctoral Researcher to Senior Research Fellow / Principal Investigator. It is inarguable 
that academic research and development in a knowledge economy must: 
 
(i) be sufficiently differentiated such that work is not replicated unnessarily elsewhere  
(ii) draw on a range of disciplines and skills to solve complex problems of importance to 
society 
 
(iii) be frequently evaluated to ensure that quality and relevance are maintained 
 
(iv) equip graduate researchers for the diverse requirements of industry and the professions 
{11} 

(v) inform undergraduate education and ensure that degree courses keep pace with the 
science, technology and methodology at the leading edge of industrial and commercial 
activity 
 
(vi) recognise and exploit intellectual property for maximum benefit  
 
(vii) allow participation from teachers of undergraduate courses, thereby enabling transfer 
of knowledge and continuous updating of skills to occur. 
 
In response to the challenging economic environment, the Irish Government recently 
signalled the need for the country to carry out significantly more research, which is 
currently well below the OECD average {12}. It is clear that overcoming barriers to 
conducting research in the IoT sector will enhance the ability of Ireland to improve its 
economic prospects through participation in the “smart economy” of the future. 

 
6. Conclusions 
 

If all undergraduate degrees are to be regarded as equal, a teaching only university is 
unsustainable. The rate of change in all spheres of industry and commerce is so great that 
without new ideas permeating undergraduate teaching, teaching programmes soon loose 
their relevance. Some other forms of scholarship, for instance in architecture or fine arts, can 
maintain this relevance. However, for the majority of academics, doing research is the most 
sensible and viable way of strengthening and advancing both undergraduate and 
postgraduate taught programmes.  
 
Conversely, where research becomes distant from mainstream faculty activity and 
researchers pursue goals that are inconsistent with a university’s mission and ethos, in all 
but a few elite organisations, the research is unjustifiable. To ensure that research informs 
teaching and learning and to avoid the proliferation of specialist research teams divorced 
from the academic process, R&D centres and groups must be grounded in and across 
faculties. The faculty head of research (or equivalent), in partnership with the faculty 
research board, must engage academics in research. Often this will require identifying 
where: 
a) individual research strengths, that may often be perceived as quite narrow, can 
complement cross-faculty or inter-institutional research clusters. 
 
b) the appropriate funding sources can be accessed to support the full range of R&D skills in 
the faculty. 
It is now appropriate that barriers to the performance of research in DIT are identified and 
where possible eliminated or mitigated if the Institute is to achieve the full potential from its 
Research Strategy. Recent success in the Programmes for Research in Third Level Institutes  
(PRTLI) has demonstrated a Government committment to encouraging high quality 
research in the IoT sector in Ireland. This has resulted in the creation of a number of 
dedicated Research Centres, including the Focas Research Institute in DIT. In this case a 
public-private partnership was used to build a new facility and funds were made available 
to staff it. Competition in various Research Programmes has resulted in the successful 

Removing	Barriers	to	Conducting	Research	in	Ireland’s	Institutes	of	Technology 335

5. Building Sustainable Academic Research 
 

In March 2000 in Lisbon  the European Council endorsed the objective of creating a 
European Research Area (ERA) {6}. This was a response to the growing globalisation of 
Research and Technology and the emergence of eastern economies with increasing Research 
and Technology capabilities. The intention is to make Europe a leading Knowledge Society, 
thus creating favourable conditions for long term prosperity {7}. The Irish National 
Development Plan (2007-2013) follows these ideals and great emphasis is placed on the 
urgent need to conduct more research {8}. Consequently there has been a steady increase in 
expenditure over the past ten years on Science Technology and Innovation (SSTI), the rate 
accelerating within the period 2000-2006 as identified in the Plan. Two significant initiatives 
occurred during this period; the creation of Science Foundation Ireland (SFI) and the 
Programme for Research in Third Level Institutions (PRLTI), both of which have had a 
profound influence on the country’s research capacity and its profile.  
 
The “European Research Area: New Perspectives Green Paper” {9} describes several key 
outcomes leading to the creation of effective research policies. It sets out the need for an 
adequate flow of competent researchers with high mobility across institutions, disciplines 
and various sectors. It promotes the idea of the formation of World-Class research 
infrastructures both networked and accessible to research teams from across Europe and the 
World. Excellent research institutions engaged in public-private schemes, formation of 
research and innovation clusters in interdisciplinary areas are sought and effective 
knowledge sharing is required notably between academia and industry. Well-coordinated 
research programmes and priorities are essential as part of the European research agenda 
and a special emphasis is placed on interaction with neighbouring countries and a 
commitment to addressing global challenges with Europe’s partners. 
 
Two key outputs are defined in the Strategy for Science Technology and Innovation 2006-
2013 {10}: the creation of highly educated people and new knowledge. Ireland with 125 
PhDs per million graduating population in 2001 is well behind Switzerland (364), Finland 
(363), Denmark (169) and the UK (239). There is an urgent need for this gap to be closed in 
order that Ireland can compete in the global knowledge economy. Thus an increase of PhD 
numbers (doubling) and the desire to build a sustainable system of World Class research 
teams are key actions. This requires recognition of the need for progression of team 
members to other roles. Equitable career paths for researchers has become a central issue in 
safeguarding academic research and the opportunity must be available to progress from 
Postdoctoral Researcher to Senior Research Fellow / Principal Investigator. It is inarguable 
that academic research and development in a knowledge economy must: 
 
(i) be sufficiently differentiated such that work is not replicated unnessarily elsewhere  
(ii) draw on a range of disciplines and skills to solve complex problems of importance to 
society 
 
(iii) be frequently evaluated to ensure that quality and relevance are maintained 
 
(iv) equip graduate researchers for the diverse requirements of industry and the professions 
{11} 

(v) inform undergraduate education and ensure that degree courses keep pace with the 
science, technology and methodology at the leading edge of industrial and commercial 
activity 
 
(vi) recognise and exploit intellectual property for maximum benefit  
 
(vii) allow participation from teachers of undergraduate courses, thereby enabling transfer 
of knowledge and continuous updating of skills to occur. 
 
In response to the challenging economic environment, the Irish Government recently 
signalled the need for the country to carry out significantly more research, which is 
currently well below the OECD average {12}. It is clear that overcoming barriers to 
conducting research in the IoT sector will enhance the ability of Ireland to improve its 
economic prospects through participation in the “smart economy” of the future. 

 
6. Conclusions 
 

If all undergraduate degrees are to be regarded as equal, a teaching only university is 
unsustainable. The rate of change in all spheres of industry and commerce is so great that 
without new ideas permeating undergraduate teaching, teaching programmes soon loose 
their relevance. Some other forms of scholarship, for instance in architecture or fine arts, can 
maintain this relevance. However, for the majority of academics, doing research is the most 
sensible and viable way of strengthening and advancing both undergraduate and 
postgraduate taught programmes.  
 
Conversely, where research becomes distant from mainstream faculty activity and 
researchers pursue goals that are inconsistent with a university’s mission and ethos, in all 
but a few elite organisations, the research is unjustifiable. To ensure that research informs 
teaching and learning and to avoid the proliferation of specialist research teams divorced 
from the academic process, R&D centres and groups must be grounded in and across 
faculties. The faculty head of research (or equivalent), in partnership with the faculty 
research board, must engage academics in research. Often this will require identifying 
where: 
a) individual research strengths, that may often be perceived as quite narrow, can 
complement cross-faculty or inter-institutional research clusters. 
 
b) the appropriate funding sources can be accessed to support the full range of R&D skills in 
the faculty. 
It is now appropriate that barriers to the performance of research in DIT are identified and 
where possible eliminated or mitigated if the Institute is to achieve the full potential from its 
Research Strategy. Recent success in the Programmes for Research in Third Level Institutes  
(PRTLI) has demonstrated a Government committment to encouraging high quality 
research in the IoT sector in Ireland. This has resulted in the creation of a number of 
dedicated Research Centres, including the Focas Research Institute in DIT. In this case a 
public-private partnership was used to build a new facility and funds were made available 
to staff it. Competition in various Research Programmes has resulted in the successful 



New	Achievements	in	Technology,	Education	and	Development334

5. Building Sustainable Academic Research 
 

In March 2000 in Lisbon  the European Council endorsed the objective of creating a 
European Research Area (ERA) {6}. This was a response to the growing globalisation of 
Research and Technology and the emergence of eastern economies with increasing Research 
and Technology capabilities. The intention is to make Europe a leading Knowledge Society, 
thus creating favourable conditions for long term prosperity {7}. The Irish National 
Development Plan (2007-2013) follows these ideals and great emphasis is placed on the 
urgent need to conduct more research {8}. Consequently there has been a steady increase in 
expenditure over the past ten years on Science Technology and Innovation (SSTI), the rate 
accelerating within the period 2000-2006 as identified in the Plan. Two significant initiatives 
occurred during this period; the creation of Science Foundation Ireland (SFI) and the 
Programme for Research in Third Level Institutions (PRLTI), both of which have had a 
profound influence on the country’s research capacity and its profile.  
 
The “European Research Area: New Perspectives Green Paper” {9} describes several key 
outcomes leading to the creation of effective research policies. It sets out the need for an 
adequate flow of competent researchers with high mobility across institutions, disciplines 
and various sectors. It promotes the idea of the formation of World-Class research 
infrastructures both networked and accessible to research teams from across Europe and the 
World. Excellent research institutions engaged in public-private schemes, formation of 
research and innovation clusters in interdisciplinary areas are sought and effective 
knowledge sharing is required notably between academia and industry. Well-coordinated 
research programmes and priorities are essential as part of the European research agenda 
and a special emphasis is placed on interaction with neighbouring countries and a 
commitment to addressing global challenges with Europe’s partners. 
 
Two key outputs are defined in the Strategy for Science Technology and Innovation 2006-
2013 {10}: the creation of highly educated people and new knowledge. Ireland with 125 
PhDs per million graduating population in 2001 is well behind Switzerland (364), Finland 
(363), Denmark (169) and the UK (239). There is an urgent need for this gap to be closed in 
order that Ireland can compete in the global knowledge economy. Thus an increase of PhD 
numbers (doubling) and the desire to build a sustainable system of World Class research 
teams are key actions. This requires recognition of the need for progression of team 
members to other roles. Equitable career paths for researchers has become a central issue in 
safeguarding academic research and the opportunity must be available to progress from 
Postdoctoral Researcher to Senior Research Fellow / Principal Investigator. It is inarguable 
that academic research and development in a knowledge economy must: 
 
(i) be sufficiently differentiated such that work is not replicated unnessarily elsewhere  
(ii) draw on a range of disciplines and skills to solve complex problems of importance to 
society 
 
(iii) be frequently evaluated to ensure that quality and relevance are maintained 
 
(iv) equip graduate researchers for the diverse requirements of industry and the professions 
{11} 

(v) inform undergraduate education and ensure that degree courses keep pace with the 
science, technology and methodology at the leading edge of industrial and commercial 
activity 
 
(vi) recognise and exploit intellectual property for maximum benefit  
 
(vii) allow participation from teachers of undergraduate courses, thereby enabling transfer 
of knowledge and continuous updating of skills to occur. 
 
In response to the challenging economic environment, the Irish Government recently 
signalled the need for the country to carry out significantly more research, which is 
currently well below the OECD average {12}. It is clear that overcoming barriers to 
conducting research in the IoT sector will enhance the ability of Ireland to improve its 
economic prospects through participation in the “smart economy” of the future. 

 
6. Conclusions 
 

If all undergraduate degrees are to be regarded as equal, a teaching only university is 
unsustainable. The rate of change in all spheres of industry and commerce is so great that 
without new ideas permeating undergraduate teaching, teaching programmes soon loose 
their relevance. Some other forms of scholarship, for instance in architecture or fine arts, can 
maintain this relevance. However, for the majority of academics, doing research is the most 
sensible and viable way of strengthening and advancing both undergraduate and 
postgraduate taught programmes.  
 
Conversely, where research becomes distant from mainstream faculty activity and 
researchers pursue goals that are inconsistent with a university’s mission and ethos, in all 
but a few elite organisations, the research is unjustifiable. To ensure that research informs 
teaching and learning and to avoid the proliferation of specialist research teams divorced 
from the academic process, R&D centres and groups must be grounded in and across 
faculties. The faculty head of research (or equivalent), in partnership with the faculty 
research board, must engage academics in research. Often this will require identifying 
where: 
a) individual research strengths, that may often be perceived as quite narrow, can 
complement cross-faculty or inter-institutional research clusters. 
 
b) the appropriate funding sources can be accessed to support the full range of R&D skills in 
the faculty. 
It is now appropriate that barriers to the performance of research in DIT are identified and 
where possible eliminated or mitigated if the Institute is to achieve the full potential from its 
Research Strategy. Recent success in the Programmes for Research in Third Level Institutes  
(PRTLI) has demonstrated a Government committment to encouraging high quality 
research in the IoT sector in Ireland. This has resulted in the creation of a number of 
dedicated Research Centres, including the Focas Research Institute in DIT. In this case a 
public-private partnership was used to build a new facility and funds were made available 
to staff it. Competition in various Research Programmes has resulted in the successful 

Removing	Barriers	to	Conducting	Research	in	Ireland’s	Institutes	of	Technology 335

5. Building Sustainable Academic Research 
 

In March 2000 in Lisbon  the European Council endorsed the objective of creating a 
European Research Area (ERA) {6}. This was a response to the growing globalisation of 
Research and Technology and the emergence of eastern economies with increasing Research 
and Technology capabilities. The intention is to make Europe a leading Knowledge Society, 
thus creating favourable conditions for long term prosperity {7}. The Irish National 
Development Plan (2007-2013) follows these ideals and great emphasis is placed on the 
urgent need to conduct more research {8}. Consequently there has been a steady increase in 
expenditure over the past ten years on Science Technology and Innovation (SSTI), the rate 
accelerating within the period 2000-2006 as identified in the Plan. Two significant initiatives 
occurred during this period; the creation of Science Foundation Ireland (SFI) and the 
Programme for Research in Third Level Institutions (PRLTI), both of which have had a 
profound influence on the country’s research capacity and its profile.  
 
The “European Research Area: New Perspectives Green Paper” {9} describes several key 
outcomes leading to the creation of effective research policies. It sets out the need for an 
adequate flow of competent researchers with high mobility across institutions, disciplines 
and various sectors. It promotes the idea of the formation of World-Class research 
infrastructures both networked and accessible to research teams from across Europe and the 
World. Excellent research institutions engaged in public-private schemes, formation of 
research and innovation clusters in interdisciplinary areas are sought and effective 
knowledge sharing is required notably between academia and industry. Well-coordinated 
research programmes and priorities are essential as part of the European research agenda 
and a special emphasis is placed on interaction with neighbouring countries and a 
commitment to addressing global challenges with Europe’s partners. 
 
Two key outputs are defined in the Strategy for Science Technology and Innovation 2006-
2013 {10}: the creation of highly educated people and new knowledge. Ireland with 125 
PhDs per million graduating population in 2001 is well behind Switzerland (364), Finland 
(363), Denmark (169) and the UK (239). There is an urgent need for this gap to be closed in 
order that Ireland can compete in the global knowledge economy. Thus an increase of PhD 
numbers (doubling) and the desire to build a sustainable system of World Class research 
teams are key actions. This requires recognition of the need for progression of team 
members to other roles. Equitable career paths for researchers has become a central issue in 
safeguarding academic research and the opportunity must be available to progress from 
Postdoctoral Researcher to Senior Research Fellow / Principal Investigator. It is inarguable 
that academic research and development in a knowledge economy must: 
 
(i) be sufficiently differentiated such that work is not replicated unnessarily elsewhere  
(ii) draw on a range of disciplines and skills to solve complex problems of importance to 
society 
 
(iii) be frequently evaluated to ensure that quality and relevance are maintained 
 
(iv) equip graduate researchers for the diverse requirements of industry and the professions 
{11} 

(v) inform undergraduate education and ensure that degree courses keep pace with the 
science, technology and methodology at the leading edge of industrial and commercial 
activity 
 
(vi) recognise and exploit intellectual property for maximum benefit  
 
(vii) allow participation from teachers of undergraduate courses, thereby enabling transfer 
of knowledge and continuous updating of skills to occur. 
 
In response to the challenging economic environment, the Irish Government recently 
signalled the need for the country to carry out significantly more research, which is 
currently well below the OECD average {12}. It is clear that overcoming barriers to 
conducting research in the IoT sector will enhance the ability of Ireland to improve its 
economic prospects through participation in the “smart economy” of the future. 

 
6. Conclusions 
 

If all undergraduate degrees are to be regarded as equal, a teaching only university is 
unsustainable. The rate of change in all spheres of industry and commerce is so great that 
without new ideas permeating undergraduate teaching, teaching programmes soon loose 
their relevance. Some other forms of scholarship, for instance in architecture or fine arts, can 
maintain this relevance. However, for the majority of academics, doing research is the most 
sensible and viable way of strengthening and advancing both undergraduate and 
postgraduate taught programmes.  
 
Conversely, where research becomes distant from mainstream faculty activity and 
researchers pursue goals that are inconsistent with a university’s mission and ethos, in all 
but a few elite organisations, the research is unjustifiable. To ensure that research informs 
teaching and learning and to avoid the proliferation of specialist research teams divorced 
from the academic process, R&D centres and groups must be grounded in and across 
faculties. The faculty head of research (or equivalent), in partnership with the faculty 
research board, must engage academics in research. Often this will require identifying 
where: 
a) individual research strengths, that may often be perceived as quite narrow, can 
complement cross-faculty or inter-institutional research clusters. 
 
b) the appropriate funding sources can be accessed to support the full range of R&D skills in 
the faculty. 
It is now appropriate that barriers to the performance of research in DIT are identified and 
where possible eliminated or mitigated if the Institute is to achieve the full potential from its 
Research Strategy. Recent success in the Programmes for Research in Third Level Institutes  
(PRTLI) has demonstrated a Government committment to encouraging high quality 
research in the IoT sector in Ireland. This has resulted in the creation of a number of 
dedicated Research Centres, including the Focas Research Institute in DIT. In this case a 
public-private partnership was used to build a new facility and funds were made available 
to staff it. Competition in various Research Programmes has resulted in the successful 



New	Achievements	in	Technology,	Education	and	Development336

completion of many M Phil and Ph Ds and the building has expanded to accommodate 
larger cohorts of postgraduate research students. Home to several of the centres listed in 
Table 1, Focas has successfully overcome many of the physical and resource problems 
associated with use of other DIT research facilities and presents a model for optimising 
research in a modern higher education context.  
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1. Historic background  of Nursing in Spain 
 

Overall, Nursing development in Spain has been similar to other countries. In fact, Nursing 
and Medicine were not considered an art or a science before the X century, it was 
considered a knowledge transferred by tradition and it was carried out by people who had 
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completion of many M Phil and Ph Ds and the building has expanded to accommodate 
larger cohorts of postgraduate research students. Home to several of the centres listed in 
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In Spain, it was the religious movement and the pressure of the medical collective which 
had a strong influence in the beginning of professional Nursing in Spain. 

 
1.1 Legalisation of Nursing in Spain 
Although there is not a specific time where Nursing has a clear recognition as profession, it 
is obvious that there were people dedicated to care. 
In the XIX century started a progress in the healthcare assistance and started to secularize 
the practice of care. Until this moment, healthcare legislation is quite poor. In 1820 the 
Organic law of Health was promulgated, in 1847 the General Direction of Criminal 
establishments, Charity and Health was created and the Royal Council of Health (L.O.S, 
1820). 
In 1855 the Organic law of Health was promulgated, consolidating the General Direction of 
Health. This law would last during a lengthy period of time because of the difficulties to get 
an agreement about the new text (L.O.S, 1855). This law does not have any specific 
references to healthcare professionals until the 9 of September of 1957, through the Law of 
Public Instruction, specifically on the articles 40 and 41, where for the first time appeared 
within the legal framework the denominations of Practitioner and Midwifery o “delivery 
helper” (L.I.P, 1957). 
In the Royal Order of the 26 of June of 1986 was determined the studies required to get the 
Official Qualification. The majority of textbooks used by the first Practitioners were written 
by doctors of that period, who were also responsible for the accreditation of that 
knowledge. There were in Spain different manuals orientated to the Medicine auxiliary 
staff. One of them was especially popular for the Practitioner training: “Practitioner´s 
Vademecum:  manual of minor surgery”, written by Juan de Marsillach y Parera, Doctor in 
Medicine, and edited in 1961 (Marshillach, 1961). It included basic notions of human 
anatomy, minor surgery, wounds, dentist art and podiatry. This manual was adapted to the 
orientation set by law. 
In 1888, and specifically, in the Royal Decree of 16 of November, was agreed the rules for 
the careers of Practitioner and Midwifery. On these articles it was specified the condition of 
auxiliary profession of Medicine for Practitioners, who could still perform some minor 
surgical interventions and the authorisation of Midwifery professionals to assist only in 
natural deliveries (R.D, 1888). From this law promulgation and with the Royal Decree of the 
10th of August of 1904, the Practitioner and Midwifery studies were organised, specifying 
that women could access to practitioner training if the meet the requirements set by law 
(R.D, 1904). The 7th of May of 1915, as a answer to the request performed by the religious 
order dedicated to carry out nursing care “Congregación de las Siervas de María” and it 
was recognised the professional activity of those religious or laywomen who had were able 
to perform nurse care, after having passed an exam of seventy topics related to their studies 
(R.D, 1915). This was the beginning of a healthcare occupation (Nursing) which differed 
from the one created in 1857 (the practitioner). 
The nurse and the practitioner´s role had similar professional responsibilities and, in theory, 
a similar training if we compare the programs of this period. Nevertheless, nurses take their 
studies in Nursing Schools which were generally linked to hospitals and practitioners did 
their training in Medicine Faculties. On the other hand, midwives had their own centres for 
training 

1.2 Unification of academic qualifications 
At the beginning of the fifties, started in Spain a progressive growing at hospital level which 
caused a big demand of healthcare professionals. To be able to fulfil these new requirements 
most hospitals created their own Nursing School with the aim of being self-sufficient. It is 
quite likely that this situation made the national Education Ministry considering the need of 
organising the Nursing studies. With this purpose they elaborated a decree with date 27 of 
June of 1952 where the Nursing studies where organised for first time in Spain (R.D, 1952). 
This decree establishes the unique qualification of healthcare auxiliary facultative, with a 
fixed duration of three years and with an internship program of practice. In addition, it was 
described the schools´ regulations in relation to their activity to be able to get the official 
recognition of the Education Ministry. It was decided that the direction of the Nursing 
Schools had to be a doctor or University professor, they had to include a person “in-
charged” of the School and a secretary of studies, doctors teaching the different subjects, 
nurses “instructors”, an administrator and a chaplain. The official legislation, at the time, 
supported the subordination and institutionalisation of the Nursing studies in relation to 
Medicine. 
In August of 1953, the study program of the Nursing career was structured. A few months 
afterwards, a new decree was promulgated the 4 of December of 1953, unifying the studies 
of the three professions in one to obtain the certificate of A.T.S (or S.T.S, Sanitary Technical 
Assistant) (R.D, 1953). The Official College of Nursing was still known as “Official College 
of Sanitary Auxiliaries”. 
Regarding this new professionals´ orientation, it was mainly focussed on an auxiliary 
service of the Medicine, highlighting tasks derived from doctors´ role and directly linked to 
the technical development of that period. Their main tasks were: 

1. Drugs´ administration. 
2. Assisting Doctors in surgical interventions. 
3. Cleaning  and assessing surgical wounds 
4. Providing support in emergency cases until the arrival of a doctor. 
5. Assisting in normal babies´ deliveries, only when there was not a specialist. 

According to their role, their training had the following characteristics: 
Their basic curriculum was organised by subjects, with a maximum duration of 3 
academic years.  
The theoretical- practical part of their teaching was obligatory, in the same way than it 
was emphasised the importance of the clinical practice, being the 80 per cent of the total 
amount of hours of the program. The three academic years had a total duration of 4797 
hours.  
The subjects of the curriculum had important differentiations which were linked with 
the traditional roles assignation to men/women.  Men used to study medical- legal 
autopsies while women were training in household tasks. 

During the period that the A.T.S study program lasted, not very long from a historical 
perspective, it is necessary to highlight the many changes suffered in the formative 
program, mainly from the curative and technical point of view, organised by doctors with 
little participation of nurses on their own general training. On the other hand, there was a 
wide variety of A.T.S Schools, with different tendencies. Despite of the fact that “officially” 
they follow the same program (according to the ministerial order from 4 of July of 1955 
established the criteria for admission and the working rules on each centre), there were 
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the technical development of that period. Their main tasks were: 

1. Drugs´ administration. 
2. Assisting Doctors in surgical interventions. 
3. Cleaning  and assessing surgical wounds 
4. Providing support in emergency cases until the arrival of a doctor. 
5. Assisting in normal babies´ deliveries, only when there was not a specialist. 

According to their role, their training had the following characteristics: 
Their basic curriculum was organised by subjects, with a maximum duration of 3 
academic years.  
The theoretical- practical part of their teaching was obligatory, in the same way than it 
was emphasised the importance of the clinical practice, being the 80 per cent of the total 
amount of hours of the program. The three academic years had a total duration of 4797 
hours.  
The subjects of the curriculum had important differentiations which were linked with 
the traditional roles assignation to men/women.  Men used to study medical- legal 
autopsies while women were training in household tasks. 

During the period that the A.T.S study program lasted, not very long from a historical 
perspective, it is necessary to highlight the many changes suffered in the formative 
program, mainly from the curative and technical point of view, organised by doctors with 
little participation of nurses on their own general training. On the other hand, there was a 
wide variety of A.T.S Schools, with different tendencies. Despite of the fact that “officially” 
they follow the same program (according to the ministerial order from 4 of July of 1955 
established the criteria for admission and the working rules on each centre), there were 
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obvious differences in teaching quality in the schools for a wide variety of reasons (O.M, 
1955). 
In first place, coeducation was banded, existing A.T.S Schools for men and for women, 
following a regime of internship and a strict control of the practical hours. There were also 
important differences between the clinical teaching, depending on the healthcare provision 
and quality of each hospital. 

 
1.3 Consequences of the implementation of the A.T.S studies 

The unification of Nursing studies had negative consequences but also positive 
implications as the following: 
The unification of all the professional providing care in only one career 
There were higher requirements to get access to these studies, being fixed a minimum of 
four years of basic high school studies. 
Dependency on the Medicine Faculties as professional Schools, considering afterwards, 
A.T.S studies as the intermediate level (Order of 24 of May, 1963). 
The high level of technical competence that the new professionals acquired implied a 
high value of the profession at the time, which helped to separate the vocational 
component of it. 
Gradually the profession became secular and mixed because the increment in the 
number of students and the growing demands of the healthcare system. 
It was established an obligatory content for the theoretical-practical training. 
There was a possibility to continue further studies through the specialization.  

After these changes, a number of specialities appeared which development was depending 
on the medical specialities, including Midwifery, which was a specialisation of the A.T.S 
studies. 
Various decrees regulated the specialities of the Sanitary Technical Assistant: 

Obstetric assistance, Midwife (1957) 
Physiotherapist (1957) 
Radiology and electrology  (1961) 
Paediatrics and baby-care (1964) 
Neurology (1970) 
Psychiatry (1970) 
Laboratory analysis (1971) 
Urology- Nephrology (1975) 
Chiropodist (1962) 

Although these specialities were developed at academic level, most of them did not have a 
professional recognition, consequently the specialities training was gradually stopped from 
1975.  
Between the negative consequences, it can be summarized as follows: 

The name used for the new profession (A.T.S), which implied a role centred in helping 
another professional, rather than having their own responsibilities. This fact caused a 
step back, highlighting the technical component and losing the own body of knowledge 
focussed on the person care. 
The wide variety of Schools (official, semi-official, privates…) and the diversity of 
teaching contents and methodology. 
The medical approach and orientation of the studies became a doctors´ monopoly. 

1.4 Nursing at University 
Reaching the University level meant for Nursing to follow a long and complex path, not free 
from difficulties which lasted approximately during seven years. The General law of 
Education from 4 of August of 1970, offered two possibilities for its further development: to 
adopt the Higher Education model of a first cycle of three years or the second option via 
professional training of second degree (L.G.E, 1970). To resolve this problem, an Inter- 
Ministerial Commission was created, where all the different Nursing collectives were 
represented. Their reports were decisive and Nursing profession was more organized and 
joined than ever, reclaiming a University option. For this purpose, a National A.T.S 
Coordinator was created. 
After this progress, a historical event took place with the publication of a Royal Decree 
2128/1977, regarding the integration of the A.T.S Schools as part of the University system as 
University Schools of Nursing. From this moment, the certificate obtain at the end of the 
studies changed to Nursing Diploma, recovering by law the initial name that should have 
not been changed. Entering at University was an enormous challenge for the profession of 
care, and only from this context was possible to improve the training and to facilitate the 
scientific and professional development (R.D, 1977). 
The immediate consequences of this new situation were: 

Elimination of gender discriminations within students. 
Increment of the study level required for getting access to the studies. 
Possibility of assuming their own roles in relation to research and teaching in Nursing. 
Wider and more rationalised contends, re-focussed on Nursing care. 
Integration of theoretical and practical more adequate according to Educative demands. 
The field of Nursing knowledge was created.   

It was decided the number of subjects and the objectives to be included over the three 
academic years. Each University had enough freedom to design their specific study 
program with different duration and contends, adapted to the requirements of each region. 
Overall, the program was provided with a scientific perspective in theory and in practice, 
facilitating professional training to perform their activity in and out hospital settings. In the 
same line, a new integral and holistic view of the person was promoted through the study 
of Human Sciences, including new disciplines related to the person care. The integration of 
the Nursing studies within the Higher Education System warranted the provision of more 
resources with the subsequent incorporation of nurses in the teaching field, assuming their 
responsibility on the training of new professionals, participating also in politics and 
management of general education. 
A new Ministerial order was published the 13 of December of 1978 habilitating this 
professionals as teachers through a “Venia Docenci”, which as a contractual mode provide 
them permission to teach during one year with options to renovate it.  In 1983, the Law of 
University Reform (L.R.U) had a significant incidence on teachers and on the orientation of 
the different careers, appearing for first time the figure of University School lecturer, 
accessing with the Nursing Diploma (L.R.U, 1983). This made possible for nurses who 
where teaching at that time at the Nursing Schools and had the marked criteria to take a 
“competence exam”. From this moment onwards there were options for nurses to access to 
teaching posts in the Nursing Schools, being regularly arranged. 
Within this context, another significant event of high interest was the Course for exemption 
from A.T.S studies to Nursing Diploma. This course aimed to solve the differences between 
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obvious differences in teaching quality in the schools for a wide variety of reasons (O.M, 
1955). 
In first place, coeducation was banded, existing A.T.S Schools for men and for women, 
following a regime of internship and a strict control of the practical hours. There were also 
important differences between the clinical teaching, depending on the healthcare provision 
and quality of each hospital. 

 
1.3 Consequences of the implementation of the A.T.S studies 

The unification of Nursing studies had negative consequences but also positive 
implications as the following: 
The unification of all the professional providing care in only one career 
There were higher requirements to get access to these studies, being fixed a minimum of 
four years of basic high school studies. 
Dependency on the Medicine Faculties as professional Schools, considering afterwards, 
A.T.S studies as the intermediate level (Order of 24 of May, 1963). 
The high level of technical competence that the new professionals acquired implied a 
high value of the profession at the time, which helped to separate the vocational 
component of it. 
Gradually the profession became secular and mixed because the increment in the 
number of students and the growing demands of the healthcare system. 
It was established an obligatory content for the theoretical-practical training. 
There was a possibility to continue further studies through the specialization.  

After these changes, a number of specialities appeared which development was depending 
on the medical specialities, including Midwifery, which was a specialisation of the A.T.S 
studies. 
Various decrees regulated the specialities of the Sanitary Technical Assistant: 

Obstetric assistance, Midwife (1957) 
Physiotherapist (1957) 
Radiology and electrology  (1961) 
Paediatrics and baby-care (1964) 
Neurology (1970) 
Psychiatry (1970) 
Laboratory analysis (1971) 
Urology- Nephrology (1975) 
Chiropodist (1962) 

Although these specialities were developed at academic level, most of them did not have a 
professional recognition, consequently the specialities training was gradually stopped from 
1975.  
Between the negative consequences, it can be summarized as follows: 

The name used for the new profession (A.T.S), which implied a role centred in helping 
another professional, rather than having their own responsibilities. This fact caused a 
step back, highlighting the technical component and losing the own body of knowledge 
focussed on the person care. 
The wide variety of Schools (official, semi-official, privates…) and the diversity of 
teaching contents and methodology. 
The medical approach and orientation of the studies became a doctors´ monopoly. 

1.4 Nursing at University 
Reaching the University level meant for Nursing to follow a long and complex path, not free 
from difficulties which lasted approximately during seven years. The General law of 
Education from 4 of August of 1970, offered two possibilities for its further development: to 
adopt the Higher Education model of a first cycle of three years or the second option via 
professional training of second degree (L.G.E, 1970). To resolve this problem, an Inter- 
Ministerial Commission was created, where all the different Nursing collectives were 
represented. Their reports were decisive and Nursing profession was more organized and 
joined than ever, reclaiming a University option. For this purpose, a National A.T.S 
Coordinator was created. 
After this progress, a historical event took place with the publication of a Royal Decree 
2128/1977, regarding the integration of the A.T.S Schools as part of the University system as 
University Schools of Nursing. From this moment, the certificate obtain at the end of the 
studies changed to Nursing Diploma, recovering by law the initial name that should have 
not been changed. Entering at University was an enormous challenge for the profession of 
care, and only from this context was possible to improve the training and to facilitate the 
scientific and professional development (R.D, 1977). 
The immediate consequences of this new situation were: 

Elimination of gender discriminations within students. 
Increment of the study level required for getting access to the studies. 
Possibility of assuming their own roles in relation to research and teaching in Nursing. 
Wider and more rationalised contends, re-focussed on Nursing care. 
Integration of theoretical and practical more adequate according to Educative demands. 
The field of Nursing knowledge was created.   

It was decided the number of subjects and the objectives to be included over the three 
academic years. Each University had enough freedom to design their specific study 
program with different duration and contends, adapted to the requirements of each region. 
Overall, the program was provided with a scientific perspective in theory and in practice, 
facilitating professional training to perform their activity in and out hospital settings. In the 
same line, a new integral and holistic view of the person was promoted through the study 
of Human Sciences, including new disciplines related to the person care. The integration of 
the Nursing studies within the Higher Education System warranted the provision of more 
resources with the subsequent incorporation of nurses in the teaching field, assuming their 
responsibility on the training of new professionals, participating also in politics and 
management of general education. 
A new Ministerial order was published the 13 of December of 1978 habilitating this 
professionals as teachers through a “Venia Docenci”, which as a contractual mode provide 
them permission to teach during one year with options to renovate it.  In 1983, the Law of 
University Reform (L.R.U) had a significant incidence on teachers and on the orientation of 
the different careers, appearing for first time the figure of University School lecturer, 
accessing with the Nursing Diploma (L.R.U, 1983). This made possible for nurses who 
where teaching at that time at the Nursing Schools and had the marked criteria to take a 
“competence exam”. From this moment onwards there were options for nurses to access to 
teaching posts in the Nursing Schools, being regularly arranged. 
Within this context, another significant event of high interest was the Course for exemption 
from A.T.S studies to Nursing Diploma. This course aimed to solve the differences between 
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obvious differences in teaching quality in the schools for a wide variety of reasons (O.M, 
1955). 
In first place, coeducation was banded, existing A.T.S Schools for men and for women, 
following a regime of internship and a strict control of the practical hours. There were also 
important differences between the clinical teaching, depending on the healthcare provision 
and quality of each hospital. 

 
1.3 Consequences of the implementation of the A.T.S studies 

The unification of Nursing studies had negative consequences but also positive 
implications as the following: 
The unification of all the professional providing care in only one career 
There were higher requirements to get access to these studies, being fixed a minimum of 
four years of basic high school studies. 
Dependency on the Medicine Faculties as professional Schools, considering afterwards, 
A.T.S studies as the intermediate level (Order of 24 of May, 1963). 
The high level of technical competence that the new professionals acquired implied a 
high value of the profession at the time, which helped to separate the vocational 
component of it. 
Gradually the profession became secular and mixed because the increment in the 
number of students and the growing demands of the healthcare system. 
It was established an obligatory content for the theoretical-practical training. 
There was a possibility to continue further studies through the specialization.  

After these changes, a number of specialities appeared which development was depending 
on the medical specialities, including Midwifery, which was a specialisation of the A.T.S 
studies. 
Various decrees regulated the specialities of the Sanitary Technical Assistant: 

Obstetric assistance, Midwife (1957) 
Physiotherapist (1957) 
Radiology and electrology  (1961) 
Paediatrics and baby-care (1964) 
Neurology (1970) 
Psychiatry (1970) 
Laboratory analysis (1971) 
Urology- Nephrology (1975) 
Chiropodist (1962) 

Although these specialities were developed at academic level, most of them did not have a 
professional recognition, consequently the specialities training was gradually stopped from 
1975.  
Between the negative consequences, it can be summarized as follows: 

The name used for the new profession (A.T.S), which implied a role centred in helping 
another professional, rather than having their own responsibilities. This fact caused a 
step back, highlighting the technical component and losing the own body of knowledge 
focussed on the person care. 
The wide variety of Schools (official, semi-official, privates…) and the diversity of 
teaching contents and methodology. 
The medical approach and orientation of the studies became a doctors´ monopoly. 

1.4 Nursing at University 
Reaching the University level meant for Nursing to follow a long and complex path, not free 
from difficulties which lasted approximately during seven years. The General law of 
Education from 4 of August of 1970, offered two possibilities for its further development: to 
adopt the Higher Education model of a first cycle of three years or the second option via 
professional training of second degree (L.G.E, 1970). To resolve this problem, an Inter- 
Ministerial Commission was created, where all the different Nursing collectives were 
represented. Their reports were decisive and Nursing profession was more organized and 
joined than ever, reclaiming a University option. For this purpose, a National A.T.S 
Coordinator was created. 
After this progress, a historical event took place with the publication of a Royal Decree 
2128/1977, regarding the integration of the A.T.S Schools as part of the University system as 
University Schools of Nursing. From this moment, the certificate obtain at the end of the 
studies changed to Nursing Diploma, recovering by law the initial name that should have 
not been changed. Entering at University was an enormous challenge for the profession of 
care, and only from this context was possible to improve the training and to facilitate the 
scientific and professional development (R.D, 1977). 
The immediate consequences of this new situation were: 

Elimination of gender discriminations within students. 
Increment of the study level required for getting access to the studies. 
Possibility of assuming their own roles in relation to research and teaching in Nursing. 
Wider and more rationalised contends, re-focussed on Nursing care. 
Integration of theoretical and practical more adequate according to Educative demands. 
The field of Nursing knowledge was created.   

It was decided the number of subjects and the objectives to be included over the three 
academic years. Each University had enough freedom to design their specific study 
program with different duration and contends, adapted to the requirements of each region. 
Overall, the program was provided with a scientific perspective in theory and in practice, 
facilitating professional training to perform their activity in and out hospital settings. In the 
same line, a new integral and holistic view of the person was promoted through the study 
of Human Sciences, including new disciplines related to the person care. The integration of 
the Nursing studies within the Higher Education System warranted the provision of more 
resources with the subsequent incorporation of nurses in the teaching field, assuming their 
responsibility on the training of new professionals, participating also in politics and 
management of general education. 
A new Ministerial order was published the 13 of December of 1978 habilitating this 
professionals as teachers through a “Venia Docenci”, which as a contractual mode provide 
them permission to teach during one year with options to renovate it.  In 1983, the Law of 
University Reform (L.R.U) had a significant incidence on teachers and on the orientation of 
the different careers, appearing for first time the figure of University School lecturer, 
accessing with the Nursing Diploma (L.R.U, 1983). This made possible for nurses who 
where teaching at that time at the Nursing Schools and had the marked criteria to take a 
“competence exam”. From this moment onwards there were options for nurses to access to 
teaching posts in the Nursing Schools, being regularly arranged. 
Within this context, another significant event of high interest was the Course for exemption 
from A.T.S studies to Nursing Diploma. This course aimed to solve the differences between 
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following a regime of internship and a strict control of the practical hours. There were also 
important differences between the clinical teaching, depending on the healthcare provision 
and quality of each hospital. 
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implications as the following: 
The unification of all the professional providing care in only one career 
There were higher requirements to get access to these studies, being fixed a minimum of 
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Dependency on the Medicine Faculties as professional Schools, considering afterwards, 
A.T.S studies as the intermediate level (Order of 24 of May, 1963). 
The high level of technical competence that the new professionals acquired implied a 
high value of the profession at the time, which helped to separate the vocational 
component of it. 
Gradually the profession became secular and mixed because the increment in the 
number of students and the growing demands of the healthcare system. 
It was established an obligatory content for the theoretical-practical training. 
There was a possibility to continue further studies through the specialization.  

After these changes, a number of specialities appeared which development was depending 
on the medical specialities, including Midwifery, which was a specialisation of the A.T.S 
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Various decrees regulated the specialities of the Sanitary Technical Assistant: 
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Paediatrics and baby-care (1964) 
Neurology (1970) 
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professional recognition, consequently the specialities training was gradually stopped from 
1975.  
Between the negative consequences, it can be summarized as follows: 

The name used for the new profession (A.T.S), which implied a role centred in helping 
another professional, rather than having their own responsibilities. This fact caused a 
step back, highlighting the technical component and losing the own body of knowledge 
focussed on the person care. 
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represented. Their reports were decisive and Nursing profession was more organized and 
joined than ever, reclaiming a University option. For this purpose, a National A.T.S 
Coordinator was created. 
After this progress, a historical event took place with the publication of a Royal Decree 
2128/1977, regarding the integration of the A.T.S Schools as part of the University system as 
University Schools of Nursing. From this moment, the certificate obtain at the end of the 
studies changed to Nursing Diploma, recovering by law the initial name that should have 
not been changed. Entering at University was an enormous challenge for the profession of 
care, and only from this context was possible to improve the training and to facilitate the 
scientific and professional development (R.D, 1977). 
The immediate consequences of this new situation were: 

Elimination of gender discriminations within students. 
Increment of the study level required for getting access to the studies. 
Possibility of assuming their own roles in relation to research and teaching in Nursing. 
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It was decided the number of subjects and the objectives to be included over the three 
academic years. Each University had enough freedom to design their specific study 
program with different duration and contends, adapted to the requirements of each region. 
Overall, the program was provided with a scientific perspective in theory and in practice, 
facilitating professional training to perform their activity in and out hospital settings. In the 
same line, a new integral and holistic view of the person was promoted through the study 
of Human Sciences, including new disciplines related to the person care. The integration of 
the Nursing studies within the Higher Education System warranted the provision of more 
resources with the subsequent incorporation of nurses in the teaching field, assuming their 
responsibility on the training of new professionals, participating also in politics and 
management of general education. 
A new Ministerial order was published the 13 of December of 1978 habilitating this 
professionals as teachers through a “Venia Docenci”, which as a contractual mode provide 
them permission to teach during one year with options to renovate it.  In 1983, the Law of 
University Reform (L.R.U) had a significant incidence on teachers and on the orientation of 
the different careers, appearing for first time the figure of University School lecturer, 
accessing with the Nursing Diploma (L.R.U, 1983). This made possible for nurses who 
where teaching at that time at the Nursing Schools and had the marked criteria to take a 
“competence exam”. From this moment onwards there were options for nurses to access to 
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the A.T.S and the Nursing Diploma study program contends and it was provided by the 
National University of Distance Education (U.N.E.D). This system received many critics 
from certain professional bodies, which saw the process more as a simple administrative 
formality rather than a new door opened to new possibilities to teaching and professional 
development. This process let more than eighty thousand nurses had an University 
certificate supporting their professional qualification through an innovative teaching 
method not exempt of problems. Even though, without this method the process would have 
been slower and more limited. 
The presence of Nursing in National structures did not happen until the beginning of the 
eighties. This meant an important progress because it started a way of participation of 
nurses in decisions regarding their own future. However, the situation of Nursing in the 
organizational structure is varied and it has suffered many ups and downs over the last few 
years, what make us believe that it is necessary more changes, making this participation of 
nurses in decisive commissions a real fact, as being the more numerous group within the 
healthcare professions of the health service. 
Regarding the post-graduate qualifications, and despite the integration of Nursing Schools 
in the University structure and the change of the study program, a Ministerial order of the 9 
of October of 1980 authorised qualified nurses (Nursing Diploma) to access to the already 
existing specialities for A.T.S. This was a rare fact of academic organisation which required 
a re-structured system. Simultaneously, Spain accessed to the European Economic 
Community, what justified even more the need for reorganizing the number, content and 
denomination for this Nursing specialities (O.M, 1980). With this purpose, professional 
bodies and organisations began a national campaign in order to request a solution for the 
situation from academic authorities. 
Finally, through the Royal Decree 992/1987 from the 3 of July (B.O.E 1 of August) the 
requirements for accessing to the different specialities were set, creating the following: 

Gynaecologist- obstetric Nursing (Midwife). 
Paediatric Nursing. 
Mental Health Nursing. 
Public Health/ Community Nursing. 
Geriatric Nursing. 
Management and administration in Nursing. 

In spite of this, during more than twenty five years there were not any directives regarding 
the study programs of the specialities, excepting for Midwifery (80/154 and 80/156) and 
Mental Health (which still has not their own professional competences determined) , which 
were the only two regulated by the directives of the European Committee. As consequence, 
these Diploma qualification was a finalist study, not having access to a second grade of 
University studies or Doctorate, what meant an important limitation for the Nursing 
discipline academic and professional development. As a way to respond to the professional 
demands, a large number of courses, post-grade, expert courses, masters, etc…started to 
grow. This was an attempt to cover the need of a specialized training of the Nursing 
collective. 
One of the main objectives of the Law of University Reform (L.R.U) was the adaptation of 
the Spanish Nursing studies to the new social demands. For this reason, a new process 
began, finishing with the publication of the Royal Decree 1466/1990 of 26 of October, where 

the certificate of Nursing Diploma was established and all the directives related to the 
requirements to access its consecution. 

 
2. Nursing based on the own discipline 
 

Since more than 5 decades ago, healthcare in the westernized world has made an 
unbelievable progress demanding the development of important material and human 
resources, setting priorities in costs´ orientation. This fact makes us wondering about the 
characteristics that will orientate the health system in the future and which will be the space 
for Nursing care. 
Nursing professionals constitutes a human and social force of a big impact; the number of 
members is tremendously bigger than other healthcare professionals and their competencies 
include a wide variety in all the fields related to health. Nurses look after people, manage 
and research in a flexible and polyvalent way, from an interdisciplinary approach and 
providing a special, specific and necessary service. 
Nowadays, a new way of thinking is possible and accessible to us, orientating a changing 
world towards a holistic approach. Considering this change, it is important to clarify that 
the focus of Nursing Discipline is the person´s care (subject, family, group or community) 
that live health experiences in interaction with their environment and, in line with this, to 
introduce the wide field of Nursing activities such as practice, training, research and 
management. Nursing practice is organized around a base of a conceptualization of the 
discipline orientated to the person´s need: activities performed with the person o for the 
person, more than activities performed to the person (Kerouac, 1996). These principles are 
the essence of a new way of care, personalized and adapted to the individual person´s 
experiences, specific needs of care within their context. 
In addition, standardized care can be used as a guide but individualized care adapted to 
personal characteristics and needs are essential. The creation of a standardized care involves 
a continued and dynamic data collection to update new and significant health experiences 
within their environment where they take place, including a reflective analysis to clarify 
data and to work jointly to design with the client the health objectives. The care offered to a 
person within a context or where the technologies is highly sophisticated or the services are 
very specific needs a focused Nursing care, centered on the person recipient of this ultra 
specific measures, guaranteeing  its suitability and managing the different technologies 
(Mariscal, 1999). 
On the other hand, care needs can be demanded by users or named people outside the 
healthcare settings or even could be offered from the public or private services. It can be 
extended during a period of time and it can be provided by the same professional and in the 
same place or by other professionals and within other settings. This is way the importance 
of promoting its continuity. 
Nursing practice, on line with its origin, requires a collaborative work within Nursing 
professionals and non-professional (auxiliary staff, logistic support, voluntary services, etc) 
and with family or social network members. For this reason, it is important to determine 
who and how the different activities are delivered, considering that qualified professionals 
should be responsible according to their training and the overall needs. 
These should be the criteria that guide the utilization of Nursing knowledge and skills, 
performed by self or delegating it in other member of the team. Acknowledging that health 
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the A.T.S and the Nursing Diploma study program contends and it was provided by the 
National University of Distance Education (U.N.E.D). This system received many critics 
from certain professional bodies, which saw the process more as a simple administrative 
formality rather than a new door opened to new possibilities to teaching and professional 
development. This process let more than eighty thousand nurses had an University 
certificate supporting their professional qualification through an innovative teaching 
method not exempt of problems. Even though, without this method the process would have 
been slower and more limited. 
The presence of Nursing in National structures did not happen until the beginning of the 
eighties. This meant an important progress because it started a way of participation of 
nurses in decisions regarding their own future. However, the situation of Nursing in the 
organizational structure is varied and it has suffered many ups and downs over the last few 
years, what make us believe that it is necessary more changes, making this participation of 
nurses in decisive commissions a real fact, as being the more numerous group within the 
healthcare professions of the health service. 
Regarding the post-graduate qualifications, and despite the integration of Nursing Schools 
in the University structure and the change of the study program, a Ministerial order of the 9 
of October of 1980 authorised qualified nurses (Nursing Diploma) to access to the already 
existing specialities for A.T.S. This was a rare fact of academic organisation which required 
a re-structured system. Simultaneously, Spain accessed to the European Economic 
Community, what justified even more the need for reorganizing the number, content and 
denomination for this Nursing specialities (O.M, 1980). With this purpose, professional 
bodies and organisations began a national campaign in order to request a solution for the 
situation from academic authorities. 
Finally, through the Royal Decree 992/1987 from the 3 of July (B.O.E 1 of August) the 
requirements for accessing to the different specialities were set, creating the following: 

Gynaecologist- obstetric Nursing (Midwife). 
Paediatric Nursing. 
Mental Health Nursing. 
Public Health/ Community Nursing. 
Geriatric Nursing. 
Management and administration in Nursing. 

In spite of this, during more than twenty five years there were not any directives regarding 
the study programs of the specialities, excepting for Midwifery (80/154 and 80/156) and 
Mental Health (which still has not their own professional competences determined) , which 
were the only two regulated by the directives of the European Committee. As consequence, 
these Diploma qualification was a finalist study, not having access to a second grade of 
University studies or Doctorate, what meant an important limitation for the Nursing 
discipline academic and professional development. As a way to respond to the professional 
demands, a large number of courses, post-grade, expert courses, masters, etc…started to 
grow. This was an attempt to cover the need of a specialized training of the Nursing 
collective. 
One of the main objectives of the Law of University Reform (L.R.U) was the adaptation of 
the Spanish Nursing studies to the new social demands. For this reason, a new process 
began, finishing with the publication of the Royal Decree 1466/1990 of 26 of October, where 

the certificate of Nursing Diploma was established and all the directives related to the 
requirements to access its consecution. 

 
2. Nursing based on the own discipline 
 

Since more than 5 decades ago, healthcare in the westernized world has made an 
unbelievable progress demanding the development of important material and human 
resources, setting priorities in costs´ orientation. This fact makes us wondering about the 
characteristics that will orientate the health system in the future and which will be the space 
for Nursing care. 
Nursing professionals constitutes a human and social force of a big impact; the number of 
members is tremendously bigger than other healthcare professionals and their competencies 
include a wide variety in all the fields related to health. Nurses look after people, manage 
and research in a flexible and polyvalent way, from an interdisciplinary approach and 
providing a special, specific and necessary service. 
Nowadays, a new way of thinking is possible and accessible to us, orientating a changing 
world towards a holistic approach. Considering this change, it is important to clarify that 
the focus of Nursing Discipline is the person´s care (subject, family, group or community) 
that live health experiences in interaction with their environment and, in line with this, to 
introduce the wide field of Nursing activities such as practice, training, research and 
management. Nursing practice is organized around a base of a conceptualization of the 
discipline orientated to the person´s need: activities performed with the person o for the 
person, more than activities performed to the person (Kerouac, 1996). These principles are 
the essence of a new way of care, personalized and adapted to the individual person´s 
experiences, specific needs of care within their context. 
In addition, standardized care can be used as a guide but individualized care adapted to 
personal characteristics and needs are essential. The creation of a standardized care involves 
a continued and dynamic data collection to update new and significant health experiences 
within their environment where they take place, including a reflective analysis to clarify 
data and to work jointly to design with the client the health objectives. The care offered to a 
person within a context or where the technologies is highly sophisticated or the services are 
very specific needs a focused Nursing care, centered on the person recipient of this ultra 
specific measures, guaranteeing  its suitability and managing the different technologies 
(Mariscal, 1999). 
On the other hand, care needs can be demanded by users or named people outside the 
healthcare settings or even could be offered from the public or private services. It can be 
extended during a period of time and it can be provided by the same professional and in the 
same place or by other professionals and within other settings. This is way the importance 
of promoting its continuity. 
Nursing practice, on line with its origin, requires a collaborative work within Nursing 
professionals and non-professional (auxiliary staff, logistic support, voluntary services, etc) 
and with family or social network members. For this reason, it is important to determine 
who and how the different activities are delivered, considering that qualified professionals 
should be responsible according to their training and the overall needs. 
These should be the criteria that guide the utilization of Nursing knowledge and skills, 
performed by self or delegating it in other member of the team. Acknowledging that health 
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University studies or Doctorate, what meant an important limitation for the Nursing 
discipline academic and professional development. As a way to respond to the professional 
demands, a large number of courses, post-grade, expert courses, masters, etc…started to 
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data and to work jointly to design with the client the health objectives. The care offered to a 
person within a context or where the technologies is highly sophisticated or the services are 
very specific needs a focused Nursing care, centered on the person recipient of this ultra 
specific measures, guaranteeing  its suitability and managing the different technologies 
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On the other hand, care needs can be demanded by users or named people outside the 
healthcare settings or even could be offered from the public or private services. It can be 
extended during a period of time and it can be provided by the same professional and in the 
same place or by other professionals and within other settings. This is way the importance 
of promoting its continuity. 
Nursing practice, on line with its origin, requires a collaborative work within Nursing 
professionals and non-professional (auxiliary staff, logistic support, voluntary services, etc) 
and with family or social network members. For this reason, it is important to determine 
who and how the different activities are delivered, considering that qualified professionals 
should be responsible according to their training and the overall needs. 
These should be the criteria that guide the utilization of Nursing knowledge and skills, 
performed by self or delegating it in other member of the team. Acknowledging that health 
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care cannot be fragmented, would not be appropriate to divide tasks in a static way. The 
feeling of belonging to a group begins from interactive relationships rather than 
hierarchical. Nursing interactions with other healthcare professionals are conditioned by 
this exchange. With the aim of finding the optimal way of promoting Nursing care, nurses 
are called to lead the cohesion within the members of the Nursing care team.  By their 
specialized knowledge, based on the own discipline, nurses are responsible of the overall 
process of care, right from the first contact with the person or group until the care 
evaluation in a cyclical and continue way (Mariscal, 2001). 
Traditionally, families have looked after their relatives according to their habits, experiences 
and culture. Afterwards, with the development of Healthcare sciences, the context where 
this specialized care happened changed, moving towards the hospital setting and where 
healthcare professionals replaced family care during their stay in hospital. Within this 
context, families stopped being recognized as carers and their network of exchanging 
knowledge disappeared.  This situation, anyway, is currently changing, and the trend is to 
return power and responsibility related to health care to the family. Increasingly, more 
family members are involved in the care of a person who suffers an acute or a chronic 
process, fact that force us to reflect about the opportunity of a reorientation of the system 
towards a self care model in all the different healthcare situations. This situation implies a 
Nursing intervention not only orientated to the person affected but also to the main carer 
who frequently has not got enough knowledge and resources to face these circumstances. 
The contribution of Nursing practice has been perceived for a long time as a continuity of 
medical care, especially on those settings where the level of specialization and the technical 
complexity was higher. Thus, most part of Nursing care seems to be delegated activities 
coming from medical prescription although as specific services are offered, it can be 
observed that both disciplines share a common objective: to offer a high quality healthcare 
services to the population. This requires a new philosophy which allows healthcare 
professionals to assume their responsibilities and share with competency the wide 
objectives which would be unreachable if this collaborative work did not happen due to the 
complex needs and health problems existing combined with the use of invasive 
technologies, setting new challenges that none of the healthcare professions would be able 
to overcome by itself because each discipline has their own particular center of interest. 
Sharing responsibility with others means “to exchange” knowledge along the decision 
making process and to work together to offer a health care able to fulfill population needs, 
although the different methods and perspectives could cause different points of view. 
On the other hand, the appealing fact of developing activities directly linked with 
technology has caused confusion around the main object of care, and sometimes this wrong 
interpretation is still present and occupies most of nurses working time in different settings. 
Undoubtedly, due to this invisible character of the Nursing care there is a tendency to 
underestimate our own competencies and because of the difficulty of expressing in words 
our particular contribution, we see a guaranty of professional prestige in the technical 
abilities acquisition. Occasionally, nurses and other healthcare professionals can understand 
and explain the reality in a different manner. Therefore, they will be considered with 
different perceptions and competencies within the healthcare team. It seems to be necessary 
to reach an agreement about limits and capacities of each group in a context where 
everyone tries to share an interdependent role. This interdependency should not mean to 

get profit or loss but everyone could access to a potential development and enrichment not 
only at individual but at collective level. 
In the current context of getting the optimal quality, it is necessary to use each professional 
group capacity within the process. Capacity, autonomy and responsibility are the key 
factors that characterize each profession need a collaborative approach. This requires the 
will of working together in the healthcare episode of all the professionals implicated and 
means the acknowledgement of the interdependency of roles. The practice based on an 
interdisciplinary and collaborative work implies a dynamic and flexible distribution of 
authority and responsibilities supported by equity (acknowledgment of equality of each 
discipline, in an environment of respect and confidence within the professionals). The way 
of a collaborative work it is sometimes difficult, mainly when the work is developed in 
places where the tradition has an important weight and is necessary to implement the 
required mechanisms to support its development. The creation of an interdisciplinary team 
is a complex process, full of right and wrong decisions, episodes of crisis and indecision 
related to leadership, decision-making and task management, until an opened and dynamic 
interdisciplinary is completely set. To achieve this objective the roles need to be: explicit, 
complementary, well defined with a common orientation to promote professionals´ 
autonomy, responsibility, competency and positive relationships (Mariscal, 2006). 
In addition, as part of the analysis of the offer and demand regarding the services provided 
by Nursing professionals we cannot forget the following conditioning factors: Nursing 
practice legislation; poor participation of Nursing in the decision-making process at socio-
political level; the under and postgraduate program and its implications in the professional 
development of competencies; the relationships within the Nursing team members; the care 
facilitated from different settings and which determines significantly the users´ expectation 
and contributes to perpetuate old-fashioned patterns of behaviors, unsatisfactory for 
everyone; and the un-appropriated and extended concept regarding nurses´ role, aspect that 
affect negatively to our level of autonomy or it can be perceived as threatening by other 
disciplines (Zabalegui, 2006). 
In Spain, this professional group has been forced to take alternative options to be able to 
fulfill social demands of Nursing services and to achieve an extra qualification, enabling 
them to assume a bigger responsibility in this offer. This includes new professionals training 
and academic development, maintaining their competency in the services created and 
organizing new and innovative projects. It is worth to mention the influence of the intense 
Nursing associative movement, scientific societies and professional associations with a 
decisive role in the development and organization of this type of care in all the varieties. 
Now, more than ever, is obvious the need of a specific education adapted to these new 
requirements and social demands on their more innovative aspects, from a wide perspective 
of interdisciplinary dialogue, aiming to obtain a profile of: 
 A generalist nurse able to integrate on their specific and general competencies the 

following aspects: theoretical knowledge, practical knowledge, abilities and skills, 
methodological knowledge, teamwork capacity and quick response capacity.  

 A specialist nurse trained in the specific care needs of the different health situations, able 
to plan and manage the totality of specialized care. 

 A higher education that guarantees Nursing development at the different academic and 
research level. 

Consequently, the design of Nursing education should include: 
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care cannot be fragmented, would not be appropriate to divide tasks in a static way. The 
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are called to lead the cohesion within the members of the Nursing care team.  By their 
specialized knowledge, based on the own discipline, nurses are responsible of the overall 
process of care, right from the first contact with the person or group until the care 
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healthcare professionals replaced family care during their stay in hospital. Within this 
context, families stopped being recognized as carers and their network of exchanging 
knowledge disappeared.  This situation, anyway, is currently changing, and the trend is to 
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The contribution of Nursing practice has been perceived for a long time as a continuity of 
medical care, especially on those settings where the level of specialization and the technical 
complexity was higher. Thus, most part of Nursing care seems to be delegated activities 
coming from medical prescription although as specific services are offered, it can be 
observed that both disciplines share a common objective: to offer a high quality healthcare 
services to the population. This requires a new philosophy which allows healthcare 
professionals to assume their responsibilities and share with competency the wide 
objectives which would be unreachable if this collaborative work did not happen due to the 
complex needs and health problems existing combined with the use of invasive 
technologies, setting new challenges that none of the healthcare professions would be able 
to overcome by itself because each discipline has their own particular center of interest. 
Sharing responsibility with others means “to exchange” knowledge along the decision 
making process and to work together to offer a health care able to fulfill population needs, 
although the different methods and perspectives could cause different points of view. 
On the other hand, the appealing fact of developing activities directly linked with 
technology has caused confusion around the main object of care, and sometimes this wrong 
interpretation is still present and occupies most of nurses working time in different settings. 
Undoubtedly, due to this invisible character of the Nursing care there is a tendency to 
underestimate our own competencies and because of the difficulty of expressing in words 
our particular contribution, we see a guaranty of professional prestige in the technical 
abilities acquisition. Occasionally, nurses and other healthcare professionals can understand 
and explain the reality in a different manner. Therefore, they will be considered with 
different perceptions and competencies within the healthcare team. It seems to be necessary 
to reach an agreement about limits and capacities of each group in a context where 
everyone tries to share an interdependent role. This interdependency should not mean to 

get profit or loss but everyone could access to a potential development and enrichment not 
only at individual but at collective level. 
In the current context of getting the optimal quality, it is necessary to use each professional 
group capacity within the process. Capacity, autonomy and responsibility are the key 
factors that characterize each profession need a collaborative approach. This requires the 
will of working together in the healthcare episode of all the professionals implicated and 
means the acknowledgement of the interdependency of roles. The practice based on an 
interdisciplinary and collaborative work implies a dynamic and flexible distribution of 
authority and responsibilities supported by equity (acknowledgment of equality of each 
discipline, in an environment of respect and confidence within the professionals). The way 
of a collaborative work it is sometimes difficult, mainly when the work is developed in 
places where the tradition has an important weight and is necessary to implement the 
required mechanisms to support its development. The creation of an interdisciplinary team 
is a complex process, full of right and wrong decisions, episodes of crisis and indecision 
related to leadership, decision-making and task management, until an opened and dynamic 
interdisciplinary is completely set. To achieve this objective the roles need to be: explicit, 
complementary, well defined with a common orientation to promote professionals´ 
autonomy, responsibility, competency and positive relationships (Mariscal, 2006). 
In addition, as part of the analysis of the offer and demand regarding the services provided 
by Nursing professionals we cannot forget the following conditioning factors: Nursing 
practice legislation; poor participation of Nursing in the decision-making process at socio-
political level; the under and postgraduate program and its implications in the professional 
development of competencies; the relationships within the Nursing team members; the care 
facilitated from different settings and which determines significantly the users´ expectation 
and contributes to perpetuate old-fashioned patterns of behaviors, unsatisfactory for 
everyone; and the un-appropriated and extended concept regarding nurses´ role, aspect that 
affect negatively to our level of autonomy or it can be perceived as threatening by other 
disciplines (Zabalegui, 2006). 
In Spain, this professional group has been forced to take alternative options to be able to 
fulfill social demands of Nursing services and to achieve an extra qualification, enabling 
them to assume a bigger responsibility in this offer. This includes new professionals training 
and academic development, maintaining their competency in the services created and 
organizing new and innovative projects. It is worth to mention the influence of the intense 
Nursing associative movement, scientific societies and professional associations with a 
decisive role in the development and organization of this type of care in all the varieties. 
Now, more than ever, is obvious the need of a specific education adapted to these new 
requirements and social demands on their more innovative aspects, from a wide perspective 
of interdisciplinary dialogue, aiming to obtain a profile of: 
 A generalist nurse able to integrate on their specific and general competencies the 

following aspects: theoretical knowledge, practical knowledge, abilities and skills, 
methodological knowledge, teamwork capacity and quick response capacity.  

 A specialist nurse trained in the specific care needs of the different health situations, able 
to plan and manage the totality of specialized care. 

 A higher education that guarantees Nursing development at the different academic and 
research level. 

Consequently, the design of Nursing education should include: 
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To be based on the main concepts of the discipline, a wide and flexible reference 
framework, where theory and practice interact resolving current problems of 
asynchrony. Combining the knowing (theoretical knowledge) with the capacity of doing 
(abilities and skills) and the capacity of being (believes, values and attitudes) that 
facilitates the acquisition of the required competency for performing the act of caring. 
To train for the development of attitudes and a critical thinking that guarantees an 
adequate clinical judgment and facilitates the establishment of a care system with a 
humanist, effective and profitable approach. 
Not only focused on the knowledge acquisition but also in the professional 
development. 
To keep a lifelong learning, starting from the basic and specialized high education and 
continuing with constant updating. 
To be able to anticipate changes to cover current needs from a prospective point of view. 
To distinguish the own and specific contribution within the interdisciplinary context 
identifying the utility of this service for the global society. 
To develop personal autonomy. 

According to this perspective, it is necessary to promote a Nursing education where 
technical learning (including technology and complex technique) as a tool to provide 
Nursing care and not only as a finality, and the application of interactive methodologies 
(simulations, problems resolution methods, case study analysis, etc). In summary, it is 
essential to have access to adequate information, focused on the community and which 
progressively includes from basic to complex care, from a global to a specific approach. This 
implies to boost an enriching interdisciplinary dialogue, necessary to resolve the current 
complex problems that require a wide approach from more than one discipline. In addition, 
there are other many challenges for the faculty of the new century such us guarantee that 
learning processes take place in a High education centre, being opened to an 
interdisciplinary philosophy, facilitating students new vision with a global training right 
from the beginning of their studies to make possible their future teamwork (Zabalegui, 
2002). 
As previously stated, the Nursing studies reorganization is well justified, facilitating in a 
coherent way the continuity between the different formative levels, so students who choose 
Nursing as career can find several possibilities of development at academic and professional 
level towards a specialized training, higher education or both, depending on each one 
expectations without difficulties or limits related to the study or research process. 

 
3. Academic and professional development of Nursing in Spain: a decade for 
a change 
 

Professional demands and the interest  in giving answer to social needs in health within 
Nursing environment, previous analysis of Superior Nursing Studies programs in the rest 
of the world and supported by law (R. D. 56/2005 from 21 of January) where official studies 
were regulated in Spain, the Inter- University Master and Doctorate program in Nursing 
Science was developed. In spite of the fact that the transition to Grade category was still 
being discussed in Spain, in September 2006 first Official Master and Doctorate Programs 
where  implemented in different regions, after getting approval. One of them was the Inter-
University Master and Doctorate program in Nursing Science in the following universities: 

Alicante, International of Cataluña, Rovira i Virgili of Tarragona, Lleida and Zaragoza, and 
in September of 2007 two more universities joined: Huelva and Almería. 
The Master program includes 120 ECTS over two years, where students acquire different 
competencies basically related to these areas: research, management and leadership, 
education and advanced practice. It also covers other methodology aspects directly linked 
with the development of a Doctoral thesis, facilitating a deep analysis of current nursing 
practice and care as well as applied technology (Zabalegui, 2007). The training program 
covers objectives and competencies product of transversal learning, from a general and a 
specific perspective from each subject, and to respond to the current academic development 
of Spanish Nursing under the existing legislation within the European Space of Superior 
Education (EESE) framework. Transversal competencies are related to general knowledge, 
skills and abilities that the student will acquire during their training period, which are 
integrated in the overall group of subjects. Specific competencies are gradually acquired 
according to the level of depth provided on each subject contends. The Inter-University 
profile of the Master program in Nursing Science was developed through an agreement 
between the eight Spanish Universities which are part of the Network and the Belgian 
University of Leuven. Likewise, the program guarantees the mobility of professors and 
students within the eight Spanish Universities and the University of Leuven, obtaining a 
final Spanish-Belgian academic qualification (Mariscal, 2007). The Inter- University Master 
program has a common structure of eighty ECTS organized in four areas: 
 Area I: Advanced Nursing (38,5 ECTS)   
 Area II: Management and Innovation (11 ECTS) 
 Area III: Research (22 ECTS) 
 Area IV: Teaching (8,5 ECTS) 
Each University within the Network has their own bloc of obligatory and optional subjects 
which represents the rest 40 ECTS. All the optional subjects have a length of 2,5 ECTS and 
different itineraries can be chosen in any of the Network Universities. After having 
completed the total 120 ECTS of the Degree, students can get access to the beginning of their 
researcher process, that will end with the development and reading of their Doctoral Thesis 
in any of the research fields in which the different Network researchers are able to work on. 
Nowadays, more than 15 nurses have already finished their thesis and another 100 
graduates are currently doing their Doctorate program in different Universities within the 
Network. It is necessary to highlight that 16 of these students are graduates from the Master 
in Nursing Science of the University of Huelva, and they are currently taking the Doctoral 
program in the University of Alicante, as part of the Network agreement. A part from that, 
there are around 50 more graduates doing their Doctoral thesis in other related 
Departments in other Spanish Universities. 
The joined Doctoral program stars right from the beginning. Students can choose between 
any of the research fields that each research group work on in the different universities at 
individual or team level. The Inter-University and international profile is possible through 
the agreement between the Spanish Universities and the European background. There is a 
specific agreement with KU Leuven to recognize the Master Program in all these 
Universities. A part from the Inter- University Master program in Nursing Science, there are 
some others Master programs with a professional profile in Spain which has been recently 
developed in Spain and gets access to Doctorate programs too. This fact has 
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paradigmatically changed the academic context and the professional future of Nursing 
(Mariscal et al, 2007). 
International agreements aim to support joined projects, perform an continuous innovation 
of the process, basis and contend of teaching, promote an exchange program between 
professors and students as well as developing a reference framework to achieve quality and 
a mutual acknowledge of the work carried out by the students. The mentioned agreement 
includes the development of joined research fields to promote that graduates from the 
Master program continue with their academic and research career through the Doctorate 
program, facilitated by the joined coordination between Spanish Universities and KU 
Leuven, to be able o achieve the European Doctor title. The mayor impact of this program is 
clearly expresses by the demand obtained from its´ implementation in 1998 until our days 
as Official Degree program and Inter- University Network. The access profile is distributed 
as follows: 15,7% managers; 8,6% researchers and teachers and 75,8% clinical professionals 
(Macia et al, 2007). 
The inter-university collaborative work is especially significant for the scientific 
development, and, at the same time, guarantees a national and international exchange, and 
it has been granted by the Spanish Ministry of Education and Science. It is necessary to 
highlight the importance of teaching networks for the disciplinary development (Mejías, 
2006). The current reform, started by the states members of the European Union, including 
the Spanish system, has promoted network strategies to support knowledge exchange and 
discussion to facilitate the adaptation to the new ESSE philosophy, based on a comparable 
and acknowledged university system (Mariscal, 2007). 
In the European Union environment, to generate a comparable and flexible system requires 
different performance strategies. In Spain this strategies are organized as follows: 
 A legislative framework commenced in 2003 and finished at the beginning of 2005 with 

the development of Grade and Degree laws, and currently still in progress. 
 An incentive program in Universities to investigate about different teaching/ learning 

methods to change the traditional teaching perspective at University level. 
 The organization of debates and meetings. 
 To encourage Inter-University network 
The main purposes of this network are (Nuin et al, 2007): 
 To create a program to guarantee access and participation in research at doctorate level 

in Nursing Sciences. 
 To keep a discussion forum to promote the development of Nursing science in Spain 
 To guarantee professors and students exchange between Spanish and European 

Universities. 
 To increase Nursing´s scientific knowledge. 
 To support each University part of the Network to progress in academic recognition. 
Nursing discipline, at University level, has the responsibility of development through 
research and teaching, guaranteeing the quality of official academic programs in different 
areas and encouraging teaching collaboration within all the areas involved in the Nursing 
field at the doors of 2010. 

 

4. Development of Nursing knowledge: towards a new paradigm 
 

4.1 The Bologna process 
The elimination of the borders among countries, the use of the Euro as a common currency 
and the mobility of professionals among European Union (EU) countries are some of the 
most relevant changes in the development of the EU. These significant social changes 
demand a new University structure, which is taking place through the construction of the 
European Higher Education Area (EHEA), also known as Bologna process. 
In May 1998 the Higher Education Ministers of France, Italy, United Kingdom and 
Germany signed in Paris the so-called Soborne Declaration on the “harmonization of the 
architecture of the European Higher Education system”. Other European countries also 
subscribed this declaration and this project was later undertaken by the Confederation of 
European Union Rectors Conferences and the Association of European Universities, with 
financial support from the European Commision (agreement nº 98-01-CER-CER-0642-00). In 
June 1999, 29 European Higher Education Ministers met in Bologna to lay the basis for 
establishing the EHEA by 2010 and promoting the European System of Higher Education 
(Mariscal, 2005). The Bologna Declaration involves six action lines: 

Adoption of an academic degree system, easy to read and compare, including the 
introduction of the diploma supplement. 
Adoption of a system essentially based on two cycles (undergraduate/ graduate): a first 
cycle geared to the employement market, and lasting three years, and a second cycle 
(Master and Doctorate), conditional upon the completion of the first cycle. 
Establishment of a system of credits: ECTS (European Credit Transfer System) 
Promotion of the mobility of students, teachers and researchers. 
Promotion of cooperation in quality assurance. 
Promotion of the European dimensions in higher education. 

The aim of this process is to make the higher education in Europe converge towards a more 
transparent system, through which the different national systems would use a common 
framework based on three levels: Degree/ Bachelor, Master and Doctorate. At present time, 
the Master is the second cycle and the Doctorate is the third cycle (Maciá et al, 2006). 
Within this new higher education paradigm, the Diploma Supplement is a document 
attached to a higher education diploma aimed at improving international “transparency” 
and at facilitating the academic and professional recognition of qualifications (diplomas, 
degrees, certificates, etc). It is designed to provide a description of the nature, level, context, 
contend and status of the studies that are pursued and successfully completed by the 
individual, named on the original qualification to which this supplement is appended (R.D, 
2007). This Diploma Supplement is produced by national institutions and composed of 
eight sections (identification of the holder of the qualification, identification of the 
qualification, level of the qualification, contents and results gained, function of the 
qualification, additional information, certification of the Supplement, information of the 
national higher education system) 
ECTS credits are numerical values allocated to courses to describe the student workload 
needed to complete them. As a general rule, one ECTS requires between 25 and 45 hours of 
student work; whereas, traditionally the concept of one credit has been applied to 10 hours 
of classroom teaching. The traditional educational methodologies were, most of the courses, 
focused on memorizing the contents tough in the classroom. However, the ECTS reflects the 
quantity of work each course unit requires to reach the objectives; that is, lectures, practical 
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work, seminars, tutorials, fieldwork, private study- in the library or at home- and 
examinations or other assessments activities. ECTS is, thus, based on the student workload 
and not limited to teaching classroom hours only. In the ECTS, 60 credits represent the work 
load of a normal undergraduate academic year of study (between 1500 And 2700 hr of 
student work), usually 30 credits for a semester and 20 credits for a term. A postgraduate 
academic year of 12 full months may have 90 credits. The new guideline indicates that 
classroom teaching could not be higher than 50% of the workload. This new approach poses 
a great challenge for curriculum development because within each course the time needed 
for classroom teaching and for other educational activities has to be readjusted. The main 
goal of this guideline is to engage the student in individual or group activities that include 
active literature search and analysis with emphasis on critical thinking and problem solving 
methodologies.  
Two years later, in May 2001, 33 European ministers of Education met in Prague to follow 
up on the Bologna Process and to set directions and priorities for the years ahead. The 
signatory countries reaffirmed their commitment to the objectives of the Bologna 
Declaration, appreciated the active involvement of the European University Association and 
of the National Students´ Union in Europe, and added three more action lines, which are: 
lifelong learning, promoting students´ involvement in the structure of Higher Education 
institutions, and promoting the attractiveness and competitiveness of the EHEA to other 
parts of the world through transnational education. 
When ministers met again in Berlin, in September 2003, the 40 participating countries 
defined three intermediate priorities for the next two years. The first priority was quality 
assurance by means of defining the responsibilities of the bodies and institutions involved 
in higher education; evaluation of programs or institutions through internal assessment, 
external review, participation of students, and publication of results: and building a system 
of accreditation, certification of comparable procedures, international participation, co-
operation, and networking among the European countries participating in the Bologna 
Process. The second priority was to develop a common framework of qualification for the 
graduate and postgraduate levels, and the third priority was to develop a mutual 
recognition of degrees and study periods between participating countries (ANECA, 2005). 
The Ministers concluded that every graduating after 2005 should receive the Diploma 
Supplement. 
Recently, in May 2005 the ministers met again and welcome 5 new European countries 
(Armenia, Azerbaijan, Georgia, Moldova and Ukraine) to participate in the Bologna Process. 
All 45 participating countries share the common understanding of the principles, objectives 
and commitments of the Process to establish the EHEA by October 1st 2010. The necessary 
legislative reforms are largely in place at the participating countries, as well as the structural 
changes on degrees and curricula, and the introduction of the innovative teaching and 
learning process that Europe needs. The three-cycle system was further defined in this 
meeting, establishing that the first cycle (degree/ Bachelor) will have between 180 to 240 
ECTS credits. The second cycle (Master) will have between 90 and 120 ECTS credits, with a 
minimum of 60 credits at the level of the 2nd cycle. The third cycle, which leads to the 
Doctoral degree, will ot necessarily have credits associated with it. Generic descriptors were 
adopted for each cycle, based on learning outcomes and competencies, and credit ranges in 
the first and second cycles. Ministers committed themselves to elaborating national 
frameworks for qualifications comparable with the three- cycle system, and to having 

started work on this issue by 2007 (from Berlin to Bergen). Next ministerial Conference was 
held in London in 2007. 

 
4.2 Nursing Education in the European Union 
Until now, the nursing programs designed to enable nurses to practice in their discipline 
have been subjected to two European Directives regarding the qualifications of “nurses 
responsible for general care”. These are Directives 77/453/ECC of 27 of June 1977 and 
89/595/EEC of 10 October 1989, which prescribe that the registration program should be of 
at least three years or 4600 hours. These Directives do not specify academic status 
requirements for registration levels and in some countries, such as Germany this 
registration is not accompanied by a higher education qualification. 
A survey on the existing nursing education pathways within the EU (ANECA Nursing, 
2005) shows the extreme complexity and diversity of curricular and degree structures in 
European countries. Among the EU countries the centers of higher education vary widely, 
including Polytechnics, University Colleges, Schools affiliated to a University, Universities, 
or a combination of these four structures. In most countries, there is no entrance 
examination to obtain a work permit, such as NCLEX-RN in the USA. The Diploma title or 
student´ academic records are enough to register as a nurse and to be able to work in any of 
the EU countries. Besides, this systems offer limited opportunities for formal academic 
postgraduate masters and doctoral nursing programs. Moreover, nursing formal education 
is, in many countries, managed through collaboration between the Ministries of Health and 
Education. Within the Universities, Nursing Departments may have diverse institutional 
links, being autonomous, or structured within Medical, Humanities or Science Faculties. 
In contrast, the Bologna Process creates a great opportunity for Nursing Education 
development within the framework of a bachelor or degree as the entrance level, followed 
by master and doctoral academic recognition all over the EU countries. The European 
system of Nursing ECTS recognized throughout all EU countries combined with a more 
flexible academic structure and an increased mobility of nurses, are excellent vehicles by 
which some of the historical barriers for academic recognition among EU countries are 
being addressed at the EU level (Advisory Committee on Training Nursing at the European 
Nurse Regulators) which are also assumed by competent authorities at the national level 
(R.D, 2004). 
The Bologna Declaration recommended that studies should be organized in an 
undergraduate and graduate levels, but did not provide an indication on their duration. The 
existing debate among University Rectors, Directors of Nursing Schools and Professional 
Nursing Associations focuses on the initially proposed model of 3-5-8 years of study and 
qualifications, requiring a total of 3 to 4 years for the degree level (180-240 ECTS), 5 years 
total for the master levels (60-120 ECTS), and 8 years total for the doctoral level (with the 
requirement of having at least 300ECTS before entering the PhD program). 

 
4.3 Tuning Project 
In 2000, a group of Universities took up the Bologna Process challenge collectively and 
designed a pilot project titled “Tuning educational structures in Europe”. With funding 
from the European Commission, the European Universities Association and the National 
Conferences of Rectors, the initial group of participant Universities has widened to include 
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work, seminars, tutorials, fieldwork, private study- in the library or at home- and 
examinations or other assessments activities. ECTS is, thus, based on the student workload 
and not limited to teaching classroom hours only. In the ECTS, 60 credits represent the work 
load of a normal undergraduate academic year of study (between 1500 And 2700 hr of 
student work), usually 30 credits for a semester and 20 credits for a term. A postgraduate 
academic year of 12 full months may have 90 credits. The new guideline indicates that 
classroom teaching could not be higher than 50% of the workload. This new approach poses 
a great challenge for curriculum development because within each course the time needed 
for classroom teaching and for other educational activities has to be readjusted. The main 
goal of this guideline is to engage the student in individual or group activities that include 
active literature search and analysis with emphasis on critical thinking and problem solving 
methodologies.  
Two years later, in May 2001, 33 European ministers of Education met in Prague to follow 
up on the Bologna Process and to set directions and priorities for the years ahead. The 
signatory countries reaffirmed their commitment to the objectives of the Bologna 
Declaration, appreciated the active involvement of the European University Association and 
of the National Students´ Union in Europe, and added three more action lines, which are: 
lifelong learning, promoting students´ involvement in the structure of Higher Education 
institutions, and promoting the attractiveness and competitiveness of the EHEA to other 
parts of the world through transnational education. 
When ministers met again in Berlin, in September 2003, the 40 participating countries 
defined three intermediate priorities for the next two years. The first priority was quality 
assurance by means of defining the responsibilities of the bodies and institutions involved 
in higher education; evaluation of programs or institutions through internal assessment, 
external review, participation of students, and publication of results: and building a system 
of accreditation, certification of comparable procedures, international participation, co-
operation, and networking among the European countries participating in the Bologna 
Process. The second priority was to develop a common framework of qualification for the 
graduate and postgraduate levels, and the third priority was to develop a mutual 
recognition of degrees and study periods between participating countries (ANECA, 2005). 
The Ministers concluded that every graduating after 2005 should receive the Diploma 
Supplement. 
Recently, in May 2005 the ministers met again and welcome 5 new European countries 
(Armenia, Azerbaijan, Georgia, Moldova and Ukraine) to participate in the Bologna Process. 
All 45 participating countries share the common understanding of the principles, objectives 
and commitments of the Process to establish the EHEA by October 1st 2010. The necessary 
legislative reforms are largely in place at the participating countries, as well as the structural 
changes on degrees and curricula, and the introduction of the innovative teaching and 
learning process that Europe needs. The three-cycle system was further defined in this 
meeting, establishing that the first cycle (degree/ Bachelor) will have between 180 to 240 
ECTS credits. The second cycle (Master) will have between 90 and 120 ECTS credits, with a 
minimum of 60 credits at the level of the 2nd cycle. The third cycle, which leads to the 
Doctoral degree, will ot necessarily have credits associated with it. Generic descriptors were 
adopted for each cycle, based on learning outcomes and competencies, and credit ranges in 
the first and second cycles. Ministers committed themselves to elaborating national 
frameworks for qualifications comparable with the three- cycle system, and to having 

started work on this issue by 2007 (from Berlin to Bergen). Next ministerial Conference was 
held in London in 2007. 

 
4.2 Nursing Education in the European Union 
Until now, the nursing programs designed to enable nurses to practice in their discipline 
have been subjected to two European Directives regarding the qualifications of “nurses 
responsible for general care”. These are Directives 77/453/ECC of 27 of June 1977 and 
89/595/EEC of 10 October 1989, which prescribe that the registration program should be of 
at least three years or 4600 hours. These Directives do not specify academic status 
requirements for registration levels and in some countries, such as Germany this 
registration is not accompanied by a higher education qualification. 
A survey on the existing nursing education pathways within the EU (ANECA Nursing, 
2005) shows the extreme complexity and diversity of curricular and degree structures in 
European countries. Among the EU countries the centers of higher education vary widely, 
including Polytechnics, University Colleges, Schools affiliated to a University, Universities, 
or a combination of these four structures. In most countries, there is no entrance 
examination to obtain a work permit, such as NCLEX-RN in the USA. The Diploma title or 
student´ academic records are enough to register as a nurse and to be able to work in any of 
the EU countries. Besides, this systems offer limited opportunities for formal academic 
postgraduate masters and doctoral nursing programs. Moreover, nursing formal education 
is, in many countries, managed through collaboration between the Ministries of Health and 
Education. Within the Universities, Nursing Departments may have diverse institutional 
links, being autonomous, or structured within Medical, Humanities or Science Faculties. 
In contrast, the Bologna Process creates a great opportunity for Nursing Education 
development within the framework of a bachelor or degree as the entrance level, followed 
by master and doctoral academic recognition all over the EU countries. The European 
system of Nursing ECTS recognized throughout all EU countries combined with a more 
flexible academic structure and an increased mobility of nurses, are excellent vehicles by 
which some of the historical barriers for academic recognition among EU countries are 
being addressed at the EU level (Advisory Committee on Training Nursing at the European 
Nurse Regulators) which are also assumed by competent authorities at the national level 
(R.D, 2004). 
The Bologna Declaration recommended that studies should be organized in an 
undergraduate and graduate levels, but did not provide an indication on their duration. The 
existing debate among University Rectors, Directors of Nursing Schools and Professional 
Nursing Associations focuses on the initially proposed model of 3-5-8 years of study and 
qualifications, requiring a total of 3 to 4 years for the degree level (180-240 ECTS), 5 years 
total for the master levels (60-120 ECTS), and 8 years total for the doctoral level (with the 
requirement of having at least 300ECTS before entering the PhD program). 
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In 2000, a group of Universities took up the Bologna Process challenge collectively and 
designed a pilot project titled “Tuning educational structures in Europe”. With funding 
from the European Commission, the European Universities Association and the National 
Conferences of Rectors, the initial group of participant Universities has widened to include 
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work, seminars, tutorials, fieldwork, private study- in the library or at home- and 
examinations or other assessments activities. ECTS is, thus, based on the student workload 
and not limited to teaching classroom hours only. In the ECTS, 60 credits represent the work 
load of a normal undergraduate academic year of study (between 1500 And 2700 hr of 
student work), usually 30 credits for a semester and 20 credits for a term. A postgraduate 
academic year of 12 full months may have 90 credits. The new guideline indicates that 
classroom teaching could not be higher than 50% of the workload. This new approach poses 
a great challenge for curriculum development because within each course the time needed 
for classroom teaching and for other educational activities has to be readjusted. The main 
goal of this guideline is to engage the student in individual or group activities that include 
active literature search and analysis with emphasis on critical thinking and problem solving 
methodologies.  
Two years later, in May 2001, 33 European ministers of Education met in Prague to follow 
up on the Bologna Process and to set directions and priorities for the years ahead. The 
signatory countries reaffirmed their commitment to the objectives of the Bologna 
Declaration, appreciated the active involvement of the European University Association and 
of the National Students´ Union in Europe, and added three more action lines, which are: 
lifelong learning, promoting students´ involvement in the structure of Higher Education 
institutions, and promoting the attractiveness and competitiveness of the EHEA to other 
parts of the world through transnational education. 
When ministers met again in Berlin, in September 2003, the 40 participating countries 
defined three intermediate priorities for the next two years. The first priority was quality 
assurance by means of defining the responsibilities of the bodies and institutions involved 
in higher education; evaluation of programs or institutions through internal assessment, 
external review, participation of students, and publication of results: and building a system 
of accreditation, certification of comparable procedures, international participation, co-
operation, and networking among the European countries participating in the Bologna 
Process. The second priority was to develop a common framework of qualification for the 
graduate and postgraduate levels, and the third priority was to develop a mutual 
recognition of degrees and study periods between participating countries (ANECA, 2005). 
The Ministers concluded that every graduating after 2005 should receive the Diploma 
Supplement. 
Recently, in May 2005 the ministers met again and welcome 5 new European countries 
(Armenia, Azerbaijan, Georgia, Moldova and Ukraine) to participate in the Bologna Process. 
All 45 participating countries share the common understanding of the principles, objectives 
and commitments of the Process to establish the EHEA by October 1st 2010. The necessary 
legislative reforms are largely in place at the participating countries, as well as the structural 
changes on degrees and curricula, and the introduction of the innovative teaching and 
learning process that Europe needs. The three-cycle system was further defined in this 
meeting, establishing that the first cycle (degree/ Bachelor) will have between 180 to 240 
ECTS credits. The second cycle (Master) will have between 90 and 120 ECTS credits, with a 
minimum of 60 credits at the level of the 2nd cycle. The third cycle, which leads to the 
Doctoral degree, will ot necessarily have credits associated with it. Generic descriptors were 
adopted for each cycle, based on learning outcomes and competencies, and credit ranges in 
the first and second cycles. Ministers committed themselves to elaborating national 
frameworks for qualifications comparable with the three- cycle system, and to having 
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requirements for registration levels and in some countries, such as Germany this 
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including Polytechnics, University Colleges, Schools affiliated to a University, Universities, 
or a combination of these four structures. In most countries, there is no entrance 
examination to obtain a work permit, such as NCLEX-RN in the USA. The Diploma title or 
student´ academic records are enough to register as a nurse and to be able to work in any of 
the EU countries. Besides, this systems offer limited opportunities for formal academic 
postgraduate masters and doctoral nursing programs. Moreover, nursing formal education 
is, in many countries, managed through collaboration between the Ministries of Health and 
Education. Within the Universities, Nursing Departments may have diverse institutional 
links, being autonomous, or structured within Medical, Humanities or Science Faculties. 
In contrast, the Bologna Process creates a great opportunity for Nursing Education 
development within the framework of a bachelor or degree as the entrance level, followed 
by master and doctoral academic recognition all over the EU countries. The European 
system of Nursing ECTS recognized throughout all EU countries combined with a more 
flexible academic structure and an increased mobility of nurses, are excellent vehicles by 
which some of the historical barriers for academic recognition among EU countries are 
being addressed at the EU level (Advisory Committee on Training Nursing at the European 
Nurse Regulators) which are also assumed by competent authorities at the national level 
(R.D, 2004). 
The Bologna Declaration recommended that studies should be organized in an 
undergraduate and graduate levels, but did not provide an indication on their duration. The 
existing debate among University Rectors, Directors of Nursing Schools and Professional 
Nursing Associations focuses on the initially proposed model of 3-5-8 years of study and 
qualifications, requiring a total of 3 to 4 years for the degree level (180-240 ECTS), 5 years 
total for the master levels (60-120 ECTS), and 8 years total for the doctoral level (with the 
requirement of having at least 300ECTS before entering the PhD program). 

 
4.3 Tuning Project 
In 2000, a group of Universities took up the Bologna Process challenge collectively and 
designed a pilot project titled “Tuning educational structures in Europe”. With funding 
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student work), usually 30 credits for a semester and 20 credits for a term. A postgraduate 
academic year of 12 full months may have 90 credits. The new guideline indicates that 
classroom teaching could not be higher than 50% of the workload. This new approach poses 
a great challenge for curriculum development because within each course the time needed 
for classroom teaching and for other educational activities has to be readjusted. The main 
goal of this guideline is to engage the student in individual or group activities that include 
active literature search and analysis with emphasis on critical thinking and problem solving 
methodologies.  
Two years later, in May 2001, 33 European ministers of Education met in Prague to follow 
up on the Bologna Process and to set directions and priorities for the years ahead. The 
signatory countries reaffirmed their commitment to the objectives of the Bologna 
Declaration, appreciated the active involvement of the European University Association and 
of the National Students´ Union in Europe, and added three more action lines, which are: 
lifelong learning, promoting students´ involvement in the structure of Higher Education 
institutions, and promoting the attractiveness and competitiveness of the EHEA to other 
parts of the world through transnational education. 
When ministers met again in Berlin, in September 2003, the 40 participating countries 
defined three intermediate priorities for the next two years. The first priority was quality 
assurance by means of defining the responsibilities of the bodies and institutions involved 
in higher education; evaluation of programs or institutions through internal assessment, 
external review, participation of students, and publication of results: and building a system 
of accreditation, certification of comparable procedures, international participation, co-
operation, and networking among the European countries participating in the Bologna 
Process. The second priority was to develop a common framework of qualification for the 
graduate and postgraduate levels, and the third priority was to develop a mutual 
recognition of degrees and study periods between participating countries (ANECA, 2005). 
The Ministers concluded that every graduating after 2005 should receive the Diploma 
Supplement. 
Recently, in May 2005 the ministers met again and welcome 5 new European countries 
(Armenia, Azerbaijan, Georgia, Moldova and Ukraine) to participate in the Bologna Process. 
All 45 participating countries share the common understanding of the principles, objectives 
and commitments of the Process to establish the EHEA by October 1st 2010. The necessary 
legislative reforms are largely in place at the participating countries, as well as the structural 
changes on degrees and curricula, and the introduction of the innovative teaching and 
learning process that Europe needs. The three-cycle system was further defined in this 
meeting, establishing that the first cycle (degree/ Bachelor) will have between 180 to 240 
ECTS credits. The second cycle (Master) will have between 90 and 120 ECTS credits, with a 
minimum of 60 credits at the level of the 2nd cycle. The third cycle, which leads to the 
Doctoral degree, will ot necessarily have credits associated with it. Generic descriptors were 
adopted for each cycle, based on learning outcomes and competencies, and credit ranges in 
the first and second cycles. Ministers committed themselves to elaborating national 
frameworks for qualifications comparable with the three- cycle system, and to having 
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requirements for registration levels and in some countries, such as Germany this 
registration is not accompanied by a higher education qualification. 
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including Polytechnics, University Colleges, Schools affiliated to a University, Universities, 
or a combination of these four structures. In most countries, there is no entrance 
examination to obtain a work permit, such as NCLEX-RN in the USA. The Diploma title or 
student´ academic records are enough to register as a nurse and to be able to work in any of 
the EU countries. Besides, this systems offer limited opportunities for formal academic 
postgraduate masters and doctoral nursing programs. Moreover, nursing formal education 
is, in many countries, managed through collaboration between the Ministries of Health and 
Education. Within the Universities, Nursing Departments may have diverse institutional 
links, being autonomous, or structured within Medical, Humanities or Science Faculties. 
In contrast, the Bologna Process creates a great opportunity for Nursing Education 
development within the framework of a bachelor or degree as the entrance level, followed 
by master and doctoral academic recognition all over the EU countries. The European 
system of Nursing ECTS recognized throughout all EU countries combined with a more 
flexible academic structure and an increased mobility of nurses, are excellent vehicles by 
which some of the historical barriers for academic recognition among EU countries are 
being addressed at the EU level (Advisory Committee on Training Nursing at the European 
Nurse Regulators) which are also assumed by competent authorities at the national level 
(R.D, 2004). 
The Bologna Declaration recommended that studies should be organized in an 
undergraduate and graduate levels, but did not provide an indication on their duration. The 
existing debate among University Rectors, Directors of Nursing Schools and Professional 
Nursing Associations focuses on the initially proposed model of 3-5-8 years of study and 
qualifications, requiring a total of 3 to 4 years for the degree level (180-240 ECTS), 5 years 
total for the master levels (60-120 ECTS), and 8 years total for the doctoral level (with the 
requirement of having at least 300ECTS before entering the PhD program). 
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In 2000, a group of Universities took up the Bologna Process challenge collectively and 
designed a pilot project titled “Tuning educational structures in Europe”. With funding 
from the European Commission, the European Universities Association and the National 
Conferences of Rectors, the initial group of participant Universities has widened to include 
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up to 16 European countries (Austria, Belgium, Denmark, Finland, France, Germany, 
Greece, Iceland, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden and The 
United Kingdom) including 101 university departments. It is expected that the Tunning 
Project accomplishment will be a land mark for curriculum development across Europe. The 
name Tuning was chosen for the project to reflect the idea that universities do not look for 
harmonization of their degree programs or any sort of unified, prescriptive of definitive 
European curricula, but simply for points of reference, convergence and common 
understanding. The protection of the rich diversity of European Education has been 
paramount in the Tuning project from the very start and the project does not seek to restrict 
the independence of academic and subject specialists, or damage local and national 
academic authority. Therefore, there is an agreement that allows flexibility and autonomy in 
the construction of the curriculum (MEC, 2006). 
Tuning has undergone two phases. During the first phase the disciplines of Business 
Administration, Education Sciences, Geology, History, Physics, Mathematics and Chemistry 
were analyzed. During the second phase Nursing and European Studies were evaluated 
including as participant countries as: Hungary, Malta and The Slovak Republic in addition 
to the 16 countries of the first phase. The Nursing Tuning project addresses the Bologna 
action lines, and notably, the adoption of a system of easily readable and comparable 
degrees. More specifically, the project aims to identify generic and specific competencies for 
Nursing graduates at degree, master and doctoral levels. Fostering those competencies is 
the object of Nursing educational programs. For the purpose of this project, competencies 
were defined as elements representing a dynamic combination of attributes, abilities and 
attitudes. Beside, learning outcomes were described in terms of competencies: what a 
learner knows or is able to demonstrate after the completion of a learning process. 
Competencies were described as points of reference for curriculum design and evaluation, 
not as straightjackets. 

 
4.4 Tuning methodology 
The project is being coordinated by the University of Deusto (Spain) and the University of 
Groninghen (Netherlands). Tuning builds on earlier experiences of Socrates-Erasmus 
Thematic Networks which promote and support inter-university cooperation for the 
exchange of students and professors among EU universities. More than 130 institutions 
participated in this project, representing most European countries (Deusto, 2002). During 
the first phase of this study the participants included 5183 graduates, 944 employers and 
998 academics. 
During the development of Tuning project, a methodology was designed to understand the 
different nursing curricula and to make them comparable among countries. A five line 
approach was chosen that identified: 

1. Generic (general academic) competencies such as analysis and synthesis, 
teamwork, problem solving and decision-making. 

2. Subject- specific competencies (knowledge, understanding and skills) 
3. The role of ECTS as an accumulation system 
4. Strategies to learning, teaching, assessment and performance 
5. Role of quality enhancement in the educational process (based on a system of an 

internal institutional quality culture). Each line was developed according to a 
defined process. The starting point was updated information about the state of the 

art of Nursing education at the European level. This information was then reflected 
upon and discussed by teams of nursing experts. The work of these teams was 
validated by related European Networks, which provided understanding, context 
and conclusions, which could be valid at the European level. All together, this five-
line approach allowed Universities to “tune” their curricula without losing their 
autonomy and their capacity to innovate. 

First of all, a group of international nursing experts identified the generic (30) and specific 
(40) nursing competencies. After that, a consultation was done to nursing graduates, 
students, employers and academia on the importance of the generic competencies and 
nursing specific competencies. Each competency was evaluated in two ways, yielding a 
registration and an academic level of the program of study where the possible scores were: 
1 (essential for registration), 2 (desirable for registration), 3 (not necessary for registration) 
and 4 (competence acquired after registration). Academic ranking defines the level at which 
each competency should be studied. Besides, the participants evaluated how well their 
universities develop each competency. 
Within this new structure, a Bachelor in Nursing/ Nursing Science will achieve the specific 
competencies in an academic environment with research affiliation. The bachelor or degree 
program will include relevant mandatory theoretical and practical components agreed in a 
dialogue with the recruiters and competent authorities. Up to now, based on the European 
Directive, 50% of general basic nursing program is composed of clinical practice. The future 
graduates should possess basic knowledge of, and insight into, the central disciplines and 
methodologies used in the Nursing profession. These attributes should qualify the graduate 
to carry out her or his functions and act independently within the area targeted by the study 
program. Besides, the graduate should be equipped to undertake further work/ practice 
based learning and, where appropriate, for further study in a relevant professional, second 
and third cycle program (General report, 2005). 
In addition to the competencies, already acquired in the first cycle or Bachelor/ Degree, a 
Master in Nursing Science/studies will achieve additional competencies via courses of 
nursing studies situated in a research environment. The graduate will then be qualified for 
employment in the labor market on the basis of his/her academic discipline (Nursing 
Science), as well as for further research engaging in PhD programs. The Master graduate 
will develop his or her academic knowledge and independence so as to be able to apply 
scientific theory and method on an independent basis in an academic or professional 
context. If the candidate is studying a Master in the Practice of Nursing, she or he will be 
able to perform advanced and specialist nursing competencies. 
Finally, the competency profile for the third cycle level is defined. A graduate with a PhD in 
Nursing Science will achieve competencies through a course of Nursing Studies research 
conducted on an independent basis. Within an international context, the graduate will be 
able to conduct a research, develop and teach at universities, as well as in other public and 
private organizations where a broad and detailed knowledge of research in Nursing Science 
is required. A graduate PhD in Nursing Science will prove to be able to complete scholarly 
projects through independent analysis. This will be based on an appropriate research 
method in, or applied to, Nursing and thus will yield research outcomes that equal the 
international standard for PhDs in Nursing discipline. 

Academic	and	professional	development	of	Nursing	in	Spain:	a	decade	for	change 353

up to 16 European countries (Austria, Belgium, Denmark, Finland, France, Germany, 
Greece, Iceland, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden and The 
United Kingdom) including 101 university departments. It is expected that the Tunning 
Project accomplishment will be a land mark for curriculum development across Europe. The 
name Tuning was chosen for the project to reflect the idea that universities do not look for 
harmonization of their degree programs or any sort of unified, prescriptive of definitive 
European curricula, but simply for points of reference, convergence and common 
understanding. The protection of the rich diversity of European Education has been 
paramount in the Tuning project from the very start and the project does not seek to restrict 
the independence of academic and subject specialists, or damage local and national 
academic authority. Therefore, there is an agreement that allows flexibility and autonomy in 
the construction of the curriculum (MEC, 2006). 
Tuning has undergone two phases. During the first phase the disciplines of Business 
Administration, Education Sciences, Geology, History, Physics, Mathematics and Chemistry 
were analyzed. During the second phase Nursing and European Studies were evaluated 
including as participant countries as: Hungary, Malta and The Slovak Republic in addition 
to the 16 countries of the first phase. The Nursing Tuning project addresses the Bologna 
action lines, and notably, the adoption of a system of easily readable and comparable 
degrees. More specifically, the project aims to identify generic and specific competencies for 
Nursing graduates at degree, master and doctoral levels. Fostering those competencies is 
the object of Nursing educational programs. For the purpose of this project, competencies 
were defined as elements representing a dynamic combination of attributes, abilities and 
attitudes. Beside, learning outcomes were described in terms of competencies: what a 
learner knows or is able to demonstrate after the completion of a learning process. 
Competencies were described as points of reference for curriculum design and evaluation, 
not as straightjackets. 

 
4.4 Tuning methodology 
The project is being coordinated by the University of Deusto (Spain) and the University of 
Groninghen (Netherlands). Tuning builds on earlier experiences of Socrates-Erasmus 
Thematic Networks which promote and support inter-university cooperation for the 
exchange of students and professors among EU universities. More than 130 institutions 
participated in this project, representing most European countries (Deusto, 2002). During 
the first phase of this study the participants included 5183 graduates, 944 employers and 
998 academics. 
During the development of Tuning project, a methodology was designed to understand the 
different nursing curricula and to make them comparable among countries. A five line 
approach was chosen that identified: 

1. Generic (general academic) competencies such as analysis and synthesis, 
teamwork, problem solving and decision-making. 

2. Subject- specific competencies (knowledge, understanding and skills) 
3. The role of ECTS as an accumulation system 
4. Strategies to learning, teaching, assessment and performance 
5. Role of quality enhancement in the educational process (based on a system of an 

internal institutional quality culture). Each line was developed according to a 
defined process. The starting point was updated information about the state of the 

art of Nursing education at the European level. This information was then reflected 
upon and discussed by teams of nursing experts. The work of these teams was 
validated by related European Networks, which provided understanding, context 
and conclusions, which could be valid at the European level. All together, this five-
line approach allowed Universities to “tune” their curricula without losing their 
autonomy and their capacity to innovate. 

First of all, a group of international nursing experts identified the generic (30) and specific 
(40) nursing competencies. After that, a consultation was done to nursing graduates, 
students, employers and academia on the importance of the generic competencies and 
nursing specific competencies. Each competency was evaluated in two ways, yielding a 
registration and an academic level of the program of study where the possible scores were: 
1 (essential for registration), 2 (desirable for registration), 3 (not necessary for registration) 
and 4 (competence acquired after registration). Academic ranking defines the level at which 
each competency should be studied. Besides, the participants evaluated how well their 
universities develop each competency. 
Within this new structure, a Bachelor in Nursing/ Nursing Science will achieve the specific 
competencies in an academic environment with research affiliation. The bachelor or degree 
program will include relevant mandatory theoretical and practical components agreed in a 
dialogue with the recruiters and competent authorities. Up to now, based on the European 
Directive, 50% of general basic nursing program is composed of clinical practice. The future 
graduates should possess basic knowledge of, and insight into, the central disciplines and 
methodologies used in the Nursing profession. These attributes should qualify the graduate 
to carry out her or his functions and act independently within the area targeted by the study 
program. Besides, the graduate should be equipped to undertake further work/ practice 
based learning and, where appropriate, for further study in a relevant professional, second 
and third cycle program (General report, 2005). 
In addition to the competencies, already acquired in the first cycle or Bachelor/ Degree, a 
Master in Nursing Science/studies will achieve additional competencies via courses of 
nursing studies situated in a research environment. The graduate will then be qualified for 
employment in the labor market on the basis of his/her academic discipline (Nursing 
Science), as well as for further research engaging in PhD programs. The Master graduate 
will develop his or her academic knowledge and independence so as to be able to apply 
scientific theory and method on an independent basis in an academic or professional 
context. If the candidate is studying a Master in the Practice of Nursing, she or he will be 
able to perform advanced and specialist nursing competencies. 
Finally, the competency profile for the third cycle level is defined. A graduate with a PhD in 
Nursing Science will achieve competencies through a course of Nursing Studies research 
conducted on an independent basis. Within an international context, the graduate will be 
able to conduct a research, develop and teach at universities, as well as in other public and 
private organizations where a broad and detailed knowledge of research in Nursing Science 
is required. A graduate PhD in Nursing Science will prove to be able to complete scholarly 
projects through independent analysis. This will be based on an appropriate research 
method in, or applied to, Nursing and thus will yield research outcomes that equal the 
international standard for PhDs in Nursing discipline. 
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to the 16 countries of the first phase. The Nursing Tuning project addresses the Bologna 
action lines, and notably, the adoption of a system of easily readable and comparable 
degrees. More specifically, the project aims to identify generic and specific competencies for 
Nursing graduates at degree, master and doctoral levels. Fostering those competencies is 
the object of Nursing educational programs. For the purpose of this project, competencies 
were defined as elements representing a dynamic combination of attributes, abilities and 
attitudes. Beside, learning outcomes were described in terms of competencies: what a 
learner knows or is able to demonstrate after the completion of a learning process. 
Competencies were described as points of reference for curriculum design and evaluation, 
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Finally, the competency profile for the third cycle level is defined. A graduate with a PhD in 
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5. Conclusions and trends 
 

A process has started for implementing a significant change in Nursing education within 
the European Union countries, that creates a new European Higher Education structure 
within the framework of the Bologna Declaration consisting of: 

A strong a growing governmental push towards shorter Bachelor/ Degree studies, first 
aimed at reducing their real duration to their official length. 
A marked trend towards more autonomy of universities, coupled with new initiatives 
for quality control and evaluation. 
Gradual adoption of the ECTS credit system. The first-degree level of professional 
entrance will be the Bachelor/ Degree, eliminating the three year diploma level. 
A shift of paradigm: moving from a staff oriented approach to student-centered 
approach. 
A less specialized academic education in the Degree/ Bachelor level, leaving the 
specialized education for the Master. 
An agreement to focus not in years but in credits and competencies with the adoption of 
a common, but flexible frame of reference for qualifications. 

The impact of this novel European higher education structure would enhance European 
Nursing competitiveness and, thus, help to consolidate its role and influence in the health 
status of our communities. In addition, it would also make the European Higher Nursing 
Education more understandable and attractive to students, scholars and employers within 
EU countries, as well as from other continents. 

 
6. References  
 

ANECA (National Agency for Quality Assessment). Education Department. (2005) White 
book of the Grade qualification in Nursing. Madrid. http://www.aneca.es (accesed 
21/04/09) 

Collière, M.F.(1993) Promoting life. McGraw- Hill, ISBN 8448600290, Madrid 
Deusto (2002) Final report and conclusions of tuning phase I, Brussels 31 May 2002: 

www.tuning.unideusto.org/tuningeu/index.php? Accesed 20/04/2009 
General report of the Bologna follow-up group to the Conference of European Ministers 

Responsible for Higher Education. “From Berlin to Bergen”.  Bergen, May, 2005. 
http://www.bologna.bergen2005.no 

Kerouac, S. (1996) Nursing thinnking.  Masson, Barcelona. ISBN 844580365 
Law of Public Instrution (L.I.P), 9 of September 1957, first legal framework for Practitioners 

and Midwives´ studies. 
Law  of healthcare professions Organisation .44/2003 BOE Nº 280 of 22 of November, 2003 
Law of General Education (L.G.E) 14/1970, 4 of August of 1970 where Nursing studies were 

structured in three years, following a High Education model. 
Organic Law of Health (L.O.S). Royal Decree, 20 of June, 1820. 
Organic Law of Health (L.O.S) Royal Decree, 28 November,  1855. 
Organic Law 11/1983 25 of August, where teachers´ training is regulated in Nursing 

Schools. 
Maciá Soler, L; Moncho Vasallo, J.; Zabalegui Yarnoz, A.; Ricomá Montanier, R.; Mariscal 

Crespo, M. I.; Pedraz Marcos, A,; Márquez, J. & Germán Bes, C. (2006) European 

Space of Higher Education. Current situation.  Legislative framework. Global 
Nursing. Nº 8 (May, 2006) p 1-11, ISSN 1695-6141 

Macia Soler, L.; Mariscal Crespo, M.I.; Zabalegui, A.; Ricomá, R.; Márquez, J.; Pedraz, A.; 
Nuin, C. & Germán, C. Possible impact of the Professional Master and Doctorate 
program in Nursing Science. (1998-2006) IX Iberoamerican Conference of Nursing 
Education and I Latin-America/Europe. Toledo (October 2007)  

Mariscal Crespo, M.I (1999) Social committment and Nursing. Nursing, Antropology and 
social committment Conference.  Huelva. P. 34-45 

Mariscal Crespo, M.I (2001) Development areas for Nursing profession: present and future. II 
Conference of the Andalucian Society of Critical Care. Sevilla. 2001. Pag. 65-77 

Mariscal Crespo, M. I. (2005) The Science of Care Meeting: Nursing Scientific Societies and 
University in front of the European Convergence. Granada (12 of July 2005) 

Mariscal Crespo, M.I. (2006). Self-care and health in women afected by breast cancer. 
Doctoral Thesis. ProQuest Dissertations & Thesis. 978-0-549-37429-9 

Mariscal Crespo, M.I. (2007) Professional impact of Master and Doctorate in Nursing Science. V 
Conference of research networks  in University Education. (June, 2007) 

Mariscal Crespo, M.I.; Macia L.; Zabalegui A.; Ricomá, R.; Márquez J.; Pedraz A.; Nuin, C. & 
Germán, C. Experience of an inter-university network 1998 – 2006. V Conference of 
research networks  in University Education, (June, 2007) 

Mariscal Crespo, M. I.; Merino Navarro, D.; Arenas Fernández, J.; Paladín Bracho, I  & 
Lubián Ponce, D.(2007) Innovation and appropriateness of management procedures in 
Oficial Programs of Posgraduate studies adapted to the European Space of Higher 
Education. INECE´07 I International Conference UPM about educative innovation 
and European Convergence. Madrid, 2007.  

Mariscal Crespo, M.I; Merino Navarro, D.; Arenas Fernández, J.; Camacho Bejarano, 
R.;Lubián Ponce, D.; Paladini Bracho, I.(2008) Transversal system of TIC´s 
management in the Oficial Master Program in Nursing Science of the University of 
Huelva. INECE 2008. International Conference of the Politecnic University of 
Madrid about Teaching Innovation and European Convergence. Madrid, 2008 

Marsillach y Parera, J.(1961) Practitioners´Vade-mecum. Barcelona .Masson ISBN 84-458-0598-3 
Mejías Rosales, Sergio.(2006).Universities and research networks. Journal of Engineering. 

January-March, 2006.Vol.9.nº30 Education and Culture Department. 
http://www.mec.es (2 de Abril de 2006) 

Nuin Orrio, C.; Maciá Soler, L.; Ricomá Muntané, R.; Zabalegui Yarnoz, A.; Pedraz Marcos, 
A.; Márquez Membrive, J.; Mariscal Crespo, M. I.; Germán Bes, C. & Moncho 
Vasallo, J.(2007) Master and Doctorate program in Nursing Science. Enfuro. Spanish 
Association of Urologic Nursing Nº 101 (March, 2007) .p.6-8. ISBN 0210-9476 

Ministerial Order (O.M) 4 of July, 1955, where the formative activity in Nursing Schools is 
organized.  

Ministerial Order (O.M) 9 of October, 1980 donde se regula el acceso a las especialidades. 
Royal Decree 16 of November, 1888 where the Official qualifications of Practitioner and 

Midwife are regulated.  
Royal Decree of 10 of August  1904, where the Access to Practitioner and Midwife studies 

are organized. 
Royal Decree of  7 of May 1915, where the activity of some religious congregation is 

organized. 

Academic	and	professional	development	of	Nursing	in	Spain:	a	decade	for	change 355

5. Conclusions and trends 
 

A process has started for implementing a significant change in Nursing education within 
the European Union countries, that creates a new European Higher Education structure 
within the framework of the Bologna Declaration consisting of: 

A strong a growing governmental push towards shorter Bachelor/ Degree studies, first 
aimed at reducing their real duration to their official length. 
A marked trend towards more autonomy of universities, coupled with new initiatives 
for quality control and evaluation. 
Gradual adoption of the ECTS credit system. The first-degree level of professional 
entrance will be the Bachelor/ Degree, eliminating the three year diploma level. 
A shift of paradigm: moving from a staff oriented approach to student-centered 
approach. 
A less specialized academic education in the Degree/ Bachelor level, leaving the 
specialized education for the Master. 
An agreement to focus not in years but in credits and competencies with the adoption of 
a common, but flexible frame of reference for qualifications. 

The impact of this novel European higher education structure would enhance European 
Nursing competitiveness and, thus, help to consolidate its role and influence in the health 
status of our communities. In addition, it would also make the European Higher Nursing 
Education more understandable and attractive to students, scholars and employers within 
EU countries, as well as from other continents. 

 
6. References  
 

ANECA (National Agency for Quality Assessment). Education Department. (2005) White 
book of the Grade qualification in Nursing. Madrid. http://www.aneca.es (accesed 
21/04/09) 

Collière, M.F.(1993) Promoting life. McGraw- Hill, ISBN 8448600290, Madrid 
Deusto (2002) Final report and conclusions of tuning phase I, Brussels 31 May 2002: 

www.tuning.unideusto.org/tuningeu/index.php? Accesed 20/04/2009 
General report of the Bologna follow-up group to the Conference of European Ministers 

Responsible for Higher Education. “From Berlin to Bergen”.  Bergen, May, 2005. 
http://www.bologna.bergen2005.no 

Kerouac, S. (1996) Nursing thinnking.  Masson, Barcelona. ISBN 844580365 
Law of Public Instrution (L.I.P), 9 of September 1957, first legal framework for Practitioners 

and Midwives´ studies. 
Law  of healthcare professions Organisation .44/2003 BOE Nº 280 of 22 of November, 2003 
Law of General Education (L.G.E) 14/1970, 4 of August of 1970 where Nursing studies were 

structured in three years, following a High Education model. 
Organic Law of Health (L.O.S). Royal Decree, 20 of June, 1820. 
Organic Law of Health (L.O.S) Royal Decree, 28 November,  1855. 
Organic Law 11/1983 25 of August, where teachers´ training is regulated in Nursing 

Schools. 
Maciá Soler, L; Moncho Vasallo, J.; Zabalegui Yarnoz, A.; Ricomá Montanier, R.; Mariscal 

Crespo, M. I.; Pedraz Marcos, A,; Márquez, J. & Germán Bes, C. (2006) European 

Space of Higher Education. Current situation.  Legislative framework. Global 
Nursing. Nº 8 (May, 2006) p 1-11, ISSN 1695-6141 

Macia Soler, L.; Mariscal Crespo, M.I.; Zabalegui, A.; Ricomá, R.; Márquez, J.; Pedraz, A.; 
Nuin, C. & Germán, C. Possible impact of the Professional Master and Doctorate 
program in Nursing Science. (1998-2006) IX Iberoamerican Conference of Nursing 
Education and I Latin-America/Europe. Toledo (October 2007)  

Mariscal Crespo, M.I (1999) Social committment and Nursing. Nursing, Antropology and 
social committment Conference.  Huelva. P. 34-45 

Mariscal Crespo, M.I (2001) Development areas for Nursing profession: present and future. II 
Conference of the Andalucian Society of Critical Care. Sevilla. 2001. Pag. 65-77 

Mariscal Crespo, M. I. (2005) The Science of Care Meeting: Nursing Scientific Societies and 
University in front of the European Convergence. Granada (12 of July 2005) 

Mariscal Crespo, M.I. (2006). Self-care and health in women afected by breast cancer. 
Doctoral Thesis. ProQuest Dissertations & Thesis. 978-0-549-37429-9 

Mariscal Crespo, M.I. (2007) Professional impact of Master and Doctorate in Nursing Science. V 
Conference of research networks  in University Education. (June, 2007) 

Mariscal Crespo, M.I.; Macia L.; Zabalegui A.; Ricomá, R.; Márquez J.; Pedraz A.; Nuin, C. & 
Germán, C. Experience of an inter-university network 1998 – 2006. V Conference of 
research networks  in University Education, (June, 2007) 

Mariscal Crespo, M. I.; Merino Navarro, D.; Arenas Fernández, J.; Paladín Bracho, I  & 
Lubián Ponce, D.(2007) Innovation and appropriateness of management procedures in 
Oficial Programs of Posgraduate studies adapted to the European Space of Higher 
Education. INECE´07 I International Conference UPM about educative innovation 
and European Convergence. Madrid, 2007.  

Mariscal Crespo, M.I; Merino Navarro, D.; Arenas Fernández, J.; Camacho Bejarano, 
R.;Lubián Ponce, D.; Paladini Bracho, I.(2008) Transversal system of TIC´s 
management in the Oficial Master Program in Nursing Science of the University of 
Huelva. INECE 2008. International Conference of the Politecnic University of 
Madrid about Teaching Innovation and European Convergence. Madrid, 2008 

Marsillach y Parera, J.(1961) Practitioners´Vade-mecum. Barcelona .Masson ISBN 84-458-0598-3 
Mejías Rosales, Sergio.(2006).Universities and research networks. Journal of Engineering. 

January-March, 2006.Vol.9.nº30 Education and Culture Department. 
http://www.mec.es (2 de Abril de 2006) 

Nuin Orrio, C.; Maciá Soler, L.; Ricomá Muntané, R.; Zabalegui Yarnoz, A.; Pedraz Marcos, 
A.; Márquez Membrive, J.; Mariscal Crespo, M. I.; Germán Bes, C. & Moncho 
Vasallo, J.(2007) Master and Doctorate program in Nursing Science. Enfuro. Spanish 
Association of Urologic Nursing Nº 101 (March, 2007) .p.6-8. ISBN 0210-9476 

Ministerial Order (O.M) 4 of July, 1955, where the formative activity in Nursing Schools is 
organized.  

Ministerial Order (O.M) 9 of October, 1980 donde se regula el acceso a las especialidades. 
Royal Decree 16 of November, 1888 where the Official qualifications of Practitioner and 

Midwife are regulated.  
Royal Decree of 10 of August  1904, where the Access to Practitioner and Midwife studies 

are organized. 
Royal Decree of  7 of May 1915, where the activity of some religious congregation is 

organized. 



New	Achievements	in	Technology,	Education	and	Development354

5. Conclusions and trends 
 

A process has started for implementing a significant change in Nursing education within 
the European Union countries, that creates a new European Higher Education structure 
within the framework of the Bologna Declaration consisting of: 

A strong a growing governmental push towards shorter Bachelor/ Degree studies, first 
aimed at reducing their real duration to their official length. 
A marked trend towards more autonomy of universities, coupled with new initiatives 
for quality control and evaluation. 
Gradual adoption of the ECTS credit system. The first-degree level of professional 
entrance will be the Bachelor/ Degree, eliminating the three year diploma level. 
A shift of paradigm: moving from a staff oriented approach to student-centered 
approach. 
A less specialized academic education in the Degree/ Bachelor level, leaving the 
specialized education for the Master. 
An agreement to focus not in years but in credits and competencies with the adoption of 
a common, but flexible frame of reference for qualifications. 

The impact of this novel European higher education structure would enhance European 
Nursing competitiveness and, thus, help to consolidate its role and influence in the health 
status of our communities. In addition, it would also make the European Higher Nursing 
Education more understandable and attractive to students, scholars and employers within 
EU countries, as well as from other continents. 

 
6. References  
 

ANECA (National Agency for Quality Assessment). Education Department. (2005) White 
book of the Grade qualification in Nursing. Madrid. http://www.aneca.es (accesed 
21/04/09) 

Collière, M.F.(1993) Promoting life. McGraw- Hill, ISBN 8448600290, Madrid 
Deusto (2002) Final report and conclusions of tuning phase I, Brussels 31 May 2002: 

www.tuning.unideusto.org/tuningeu/index.php? Accesed 20/04/2009 
General report of the Bologna follow-up group to the Conference of European Ministers 

Responsible for Higher Education. “From Berlin to Bergen”.  Bergen, May, 2005. 
http://www.bologna.bergen2005.no 

Kerouac, S. (1996) Nursing thinnking.  Masson, Barcelona. ISBN 844580365 
Law of Public Instrution (L.I.P), 9 of September 1957, first legal framework for Practitioners 

and Midwives´ studies. 
Law  of healthcare professions Organisation .44/2003 BOE Nº 280 of 22 of November, 2003 
Law of General Education (L.G.E) 14/1970, 4 of August of 1970 where Nursing studies were 

structured in three years, following a High Education model. 
Organic Law of Health (L.O.S). Royal Decree, 20 of June, 1820. 
Organic Law of Health (L.O.S) Royal Decree, 28 November,  1855. 
Organic Law 11/1983 25 of August, where teachers´ training is regulated in Nursing 

Schools. 
Maciá Soler, L; Moncho Vasallo, J.; Zabalegui Yarnoz, A.; Ricomá Montanier, R.; Mariscal 

Crespo, M. I.; Pedraz Marcos, A,; Márquez, J. & Germán Bes, C. (2006) European 

Space of Higher Education. Current situation.  Legislative framework. Global 
Nursing. Nº 8 (May, 2006) p 1-11, ISSN 1695-6141 

Macia Soler, L.; Mariscal Crespo, M.I.; Zabalegui, A.; Ricomá, R.; Márquez, J.; Pedraz, A.; 
Nuin, C. & Germán, C. Possible impact of the Professional Master and Doctorate 
program in Nursing Science. (1998-2006) IX Iberoamerican Conference of Nursing 
Education and I Latin-America/Europe. Toledo (October 2007)  

Mariscal Crespo, M.I (1999) Social committment and Nursing. Nursing, Antropology and 
social committment Conference.  Huelva. P. 34-45 

Mariscal Crespo, M.I (2001) Development areas for Nursing profession: present and future. II 
Conference of the Andalucian Society of Critical Care. Sevilla. 2001. Pag. 65-77 

Mariscal Crespo, M. I. (2005) The Science of Care Meeting: Nursing Scientific Societies and 
University in front of the European Convergence. Granada (12 of July 2005) 

Mariscal Crespo, M.I. (2006). Self-care and health in women afected by breast cancer. 
Doctoral Thesis. ProQuest Dissertations & Thesis. 978-0-549-37429-9 

Mariscal Crespo, M.I. (2007) Professional impact of Master and Doctorate in Nursing Science. V 
Conference of research networks  in University Education. (June, 2007) 

Mariscal Crespo, M.I.; Macia L.; Zabalegui A.; Ricomá, R.; Márquez J.; Pedraz A.; Nuin, C. & 
Germán, C. Experience of an inter-university network 1998 – 2006. V Conference of 
research networks  in University Education, (June, 2007) 

Mariscal Crespo, M. I.; Merino Navarro, D.; Arenas Fernández, J.; Paladín Bracho, I  & 
Lubián Ponce, D.(2007) Innovation and appropriateness of management procedures in 
Oficial Programs of Posgraduate studies adapted to the European Space of Higher 
Education. INECE´07 I International Conference UPM about educative innovation 
and European Convergence. Madrid, 2007.  

Mariscal Crespo, M.I; Merino Navarro, D.; Arenas Fernández, J.; Camacho Bejarano, 
R.;Lubián Ponce, D.; Paladini Bracho, I.(2008) Transversal system of TIC´s 
management in the Oficial Master Program in Nursing Science of the University of 
Huelva. INECE 2008. International Conference of the Politecnic University of 
Madrid about Teaching Innovation and European Convergence. Madrid, 2008 

Marsillach y Parera, J.(1961) Practitioners´Vade-mecum. Barcelona .Masson ISBN 84-458-0598-3 
Mejías Rosales, Sergio.(2006).Universities and research networks. Journal of Engineering. 

January-March, 2006.Vol.9.nº30 Education and Culture Department. 
http://www.mec.es (2 de Abril de 2006) 

Nuin Orrio, C.; Maciá Soler, L.; Ricomá Muntané, R.; Zabalegui Yarnoz, A.; Pedraz Marcos, 
A.; Márquez Membrive, J.; Mariscal Crespo, M. I.; Germán Bes, C. & Moncho 
Vasallo, J.(2007) Master and Doctorate program in Nursing Science. Enfuro. Spanish 
Association of Urologic Nursing Nº 101 (March, 2007) .p.6-8. ISBN 0210-9476 

Ministerial Order (O.M) 4 of July, 1955, where the formative activity in Nursing Schools is 
organized.  

Ministerial Order (O.M) 9 of October, 1980 donde se regula el acceso a las especialidades. 
Royal Decree 16 of November, 1888 where the Official qualifications of Practitioner and 

Midwife are regulated.  
Royal Decree of 10 of August  1904, where the Access to Practitioner and Midwife studies 

are organized. 
Royal Decree of  7 of May 1915, where the activity of some religious congregation is 

organized. 

Academic	and	professional	development	of	Nursing	in	Spain:	a	decade	for	change 355

5. Conclusions and trends 
 

A process has started for implementing a significant change in Nursing education within 
the European Union countries, that creates a new European Higher Education structure 
within the framework of the Bologna Declaration consisting of: 

A strong a growing governmental push towards shorter Bachelor/ Degree studies, first 
aimed at reducing their real duration to their official length. 
A marked trend towards more autonomy of universities, coupled with new initiatives 
for quality control and evaluation. 
Gradual adoption of the ECTS credit system. The first-degree level of professional 
entrance will be the Bachelor/ Degree, eliminating the three year diploma level. 
A shift of paradigm: moving from a staff oriented approach to student-centered 
approach. 
A less specialized academic education in the Degree/ Bachelor level, leaving the 
specialized education for the Master. 
An agreement to focus not in years but in credits and competencies with the adoption of 
a common, but flexible frame of reference for qualifications. 

The impact of this novel European higher education structure would enhance European 
Nursing competitiveness and, thus, help to consolidate its role and influence in the health 
status of our communities. In addition, it would also make the European Higher Nursing 
Education more understandable and attractive to students, scholars and employers within 
EU countries, as well as from other continents. 
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1. Introduction 
 

Spanish Higher Education is converging towards the creation of a European space of mutual 
recognition of University degrees. In order to achieve this objective, three changes have been 
introduced: a regulation that affects the structure of degrees, a common measurement 
system for the accomplishment of degree recognition (the ECTS) and a quality control 
system. The adoption of the ECTS (European Credit Transfer and Accumulation System) 
involves a conceptual reform of the organisation of the Higher Education curriculi, as new 
models of training are to be created based on student’s own work. Universities must design 
new curriculi based on the development of competences that prepare students for 
accomplishing functions and tasks specified in their academic and professional profiles. In 
other words, there is an increasing concern that a significant result of this process will 
consist of a transition towards a new Higher Education system, highly based on student’s 
own work. On the other hand, there is evidence concerning the two main facts that influence 
student’s learning. First, students improve their own learning when doing, making, writing, 
designing, creating, and solving. Passivity dampens students' motivation and curiosity. 
Second, when students enrol in a course of their own choice, their learning motivation 
increases.  
Therefore, two of the main implications of this new model are that students are now 
relocated to the centre of the educational system, and training is now oriented towards to 
achievement of results. In other words, we are evolving from a system based on the 
traditional transmission of knowledge, to a new one based on the development of 
competences (ICE, 2006; Gonzalez & Wagenar, 2003). Moreover, every degree’s competences 
must be based both on the identity of the profession to be undertaken by students and by 
demands in labour. This facilitates the identification of the necessary educative elements for 
achieving the established goals, and implies that within each subject, lecturers must develop 
activities that will allow students to develop the competences established in their academic 
profiles. Therefore, this new system also implies a change in the role of lecturers. 
In Sect. 2 we explore in further detail the changes in the role of the lecturer. In Sect. 3, we 
elaborate on the meaning of “working in terms of competences”, lay out the competences 
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1. Introduction 
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recognition of University degrees. In order to achieve this objective, three changes have been 
introduced: a regulation that affects the structure of degrees, a common measurement 
system for the accomplishment of degree recognition (the ECTS) and a quality control 
system. The adoption of the ECTS (European Credit Transfer and Accumulation System) 
involves a conceptual reform of the organisation of the Higher Education curriculi, as new 
models of training are to be created based on student’s own work. Universities must design 
new curriculi based on the development of competences that prepare students for 
accomplishing functions and tasks specified in their academic and professional profiles. In 
other words, there is an increasing concern that a significant result of this process will 
consist of a transition towards a new Higher Education system, highly based on student’s 
own work. On the other hand, there is evidence concerning the two main facts that influence 
student’s learning. First, students improve their own learning when doing, making, writing, 
designing, creating, and solving. Passivity dampens students' motivation and curiosity. 
Second, when students enrol in a course of their own choice, their learning motivation 
increases.  
Therefore, two of the main implications of this new model are that students are now 
relocated to the centre of the educational system, and training is now oriented towards to 
achievement of results. In other words, we are evolving from a system based on the 
traditional transmission of knowledge, to a new one based on the development of 
competences (ICE, 2006; Gonzalez & Wagenar, 2003). Moreover, every degree’s competences 
must be based both on the identity of the profession to be undertaken by students and by 
demands in labour. This facilitates the identification of the necessary educative elements for 
achieving the established goals, and implies that within each subject, lecturers must develop 
activities that will allow students to develop the competences established in their academic 
profiles. Therefore, this new system also implies a change in the role of lecturers. 
In Sect. 2 we explore in further detail the changes in the role of the lecturer. In Sect. 3, we 
elaborate on the meaning of “working in terms of competences”, lay out the competences 
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we propose for development, and demonstrate how the use of active methodologies is 
essential. In Sect. 4, we shall work on the continuous evaluation method, an essential tool for 
generating a good atmosphere, and a framework for working based on competences in the 
ECTS. Finally, in Sect. 5 we describe some activities designed for students based on this 
method.  
 
2. The new role of the lecturer 
 

The adoption of a system based on student’s own work implies that lecturers cannot follow 
the traditional method of a one-way flow of information from lecturer to students. Rather, 
the role of the lecturer is to act as a mediator who exploits the considerable wealth of 
knowledge and experience that already exists in an average classroom. In other words, 
information should flow not only from lecturer to students, but also from students to 
lecturer and from students to students. However, it would be an unrealistic expectation if 
lecturers took for granted that students would spontaneously and actively involve in tasks 
on their own, therefore it is vitally important to motivate the students to actively participate 
in the learning process. The role of the lecturer is to gradually steer students towards active 
participation, enhancing also their confidence. The objective is to create, as early as possible, 
a co-operative climate within the classroom.  
To achieve this goal it is necessary to set the rules of the ground, which must be known by 
all participants from the very beginning of the course. Lecturers must not assume that 
students know what is expected of them, or that they will quickly learn the rules of the 
game naturally as activities develop, as this would affect negatively the confidence of 
students, would waste time, and is a threat towards the concept. In other words, at the 
beginning of the course, students will be explained the way in which they will work and 
how their performance will be evaluated. Handouts must contain clear answers to the 
following questions: What is the problem / What has been done by other researchers and 
where you can contribute / What have you done / Which method or tools have you used / 
What are your results / What is new and good, What is not good / Future research. 

 
3. Working in terms of competences 
 

3.1 Competences 
The old curriculi was organized according to objectives; however, the new curriculi is 
organized according to competences. This entails that subject contents must be reoriented to 
develop these. The term competence conceptually means “complex and integrated ability to 
perform a task” (Lasnier, 2000). This implies a radical change in the organisation of curriculi 
as well as a substantial change in education and learning methods, where students, not the 
lecturer should be located to the centre of the educational tasks. Therefore, lecturers will 
design activities that generate learning situations focused on the development of students’ 
capacity of resolution of problems and skills that should reproduce what happens in real life 
situations. 
Taking into account the fact that learning through experience is much more helpful than 
passive attendance in a classroom, and that Physic laws are behind all daily phenomena, we 
will describe some activities framed within the Physics subject that facilitate work with 
students in terms of competences. In our case, the sentence “work in terms of competences” 

 

implies that lecturers, in addition to a masterful class and laboratory work, will design 
activities where not only the specific competences of the Physics subject are developed, but 
also more generic ones (ICE, 2006). The generic competences we are interested in developing 
are: the capability of applying knowledge to practice, research abilities, personal initiative 
and an enterprising spirit, the ability of working independently, improvement of the 
knowledge of English language, spoken skills, the ability to make public presentations, and 
basic computer skills. In other words, these activities try to facilitate the refocusing of the 
Physics subject contents including practical aspects and to favour the development of 
hands-on abilities as well as the personal initiative of students. 

 
3.2 Active methodologies 
The fact that we are currently in a transition from a model focused on education towards a 
model focused on learning implies that active methodologies become a necessary tool for 
developing student competences. In other words, the underlying fact is that learning in 
terms of competences means that the methodology is the vehicle to make this objective 
possible.  
Although is no ‘best’ methodology in absolute terms, nonetheless, there are aspects to 
consider. First, for low-level objectives, such as acquisition and understanding of 
information, any methodology will be suitable and equally proper. Second, for higher-level 
objectives, such as the development of critical thought and independent learning, student-
centred methodologies are more adequate and effective. Thus, is possible to affirm that 
educational methodologies based on students active participation, where learning capacities 
depend directly on students’ development of activities, implication and commitment, 
provides better training than traditional one-way lectures, as participative methodologies 
generate a deeper, more significant and lasting learning. They also facilitate the transfer to 
other contexts. This indicates that the change of the educative model implies a more relevant 
type of methodologies or learning strategies. However, we must take into account that a 
unique best methodology does not exist; the best methodology will be an adequate 
combination of different situations designed in an intentional and systematic way. As a 
result, the chosen methodologies become the vehicle through which students will learn 
knowledge, abilities and attitudes, that is to say, will develop competences. We must take 
into account that if we want to become to be effective with our learning methodologies, we 
must also establish criteria regarding the volume of information and knowledge that our 
students will handle. 

 
4. Continuous evaluation 
 

Considering that it is a reality that what is not evaluated is devaluated, it is of vital 
importance to evaluate each of the activities undertaken with students; therefore, an effort 
must be done in this direction (Stecher & Davis, 1990; Gonzalez et al. 2006). When we 
questioned ourselves what is the best way to evaluate when working in terms of 
competences, we realized that the use of continuous evaluation facilitates the generation of a 
suitable atmosphere for working with this methodology and that it is a useful tool for 
working in accordance with the ECTS framework. Another important point is that a correct 
evaluation of each activity is mandatory because, as might be expected, students' motivation 
increases.  
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Taking into account the fact that learning through experience is much more helpful than 
passive attendance in a classroom, and that Physic laws are behind all daily phenomena, we 
will describe some activities framed within the Physics subject that facilitate work with 
students in terms of competences. In our case, the sentence “work in terms of competences” 

 

implies that lecturers, in addition to a masterful class and laboratory work, will design 
activities where not only the specific competences of the Physics subject are developed, but 
also more generic ones (ICE, 2006). The generic competences we are interested in developing 
are: the capability of applying knowledge to practice, research abilities, personal initiative 
and an enterprising spirit, the ability of working independently, improvement of the 
knowledge of English language, spoken skills, the ability to make public presentations, and 
basic computer skills. In other words, these activities try to facilitate the refocusing of the 
Physics subject contents including practical aspects and to favour the development of 
hands-on abilities as well as the personal initiative of students. 

 
3.2 Active methodologies 
The fact that we are currently in a transition from a model focused on education towards a 
model focused on learning implies that active methodologies become a necessary tool for 
developing student competences. In other words, the underlying fact is that learning in 
terms of competences means that the methodology is the vehicle to make this objective 
possible.  
Although is no ‘best’ methodology in absolute terms, nonetheless, there are aspects to 
consider. First, for low-level objectives, such as acquisition and understanding of 
information, any methodology will be suitable and equally proper. Second, for higher-level 
objectives, such as the development of critical thought and independent learning, student-
centred methodologies are more adequate and effective. Thus, is possible to affirm that 
educational methodologies based on students active participation, where learning capacities 
depend directly on students’ development of activities, implication and commitment, 
provides better training than traditional one-way lectures, as participative methodologies 
generate a deeper, more significant and lasting learning. They also facilitate the transfer to 
other contexts. This indicates that the change of the educative model implies a more relevant 
type of methodologies or learning strategies. However, we must take into account that a 
unique best methodology does not exist; the best methodology will be an adequate 
combination of different situations designed in an intentional and systematic way. As a 
result, the chosen methodologies become the vehicle through which students will learn 
knowledge, abilities and attitudes, that is to say, will develop competences. We must take 
into account that if we want to become to be effective with our learning methodologies, we 
must also establish criteria regarding the volume of information and knowledge that our 
students will handle. 

 
4. Continuous evaluation 
 

Considering that it is a reality that what is not evaluated is devaluated, it is of vital 
importance to evaluate each of the activities undertaken with students; therefore, an effort 
must be done in this direction (Stecher & Davis, 1990; Gonzalez et al. 2006). When we 
questioned ourselves what is the best way to evaluate when working in terms of 
competences, we realized that the use of continuous evaluation facilitates the generation of a 
suitable atmosphere for working with this methodology and that it is a useful tool for 
working in accordance with the ECTS framework. Another important point is that a correct 
evaluation of each activity is mandatory because, as might be expected, students' motivation 
increases.  



New	Achievements	in	Technology,	Education	and	Development358

 

we propose for development, and demonstrate how the use of active methodologies is 
essential. In Sect. 4, we shall work on the continuous evaluation method, an essential tool for 
generating a good atmosphere, and a framework for working based on competences in the 
ECTS. Finally, in Sect. 5 we describe some activities designed for students based on this 
method.  
 
2. The new role of the lecturer 
 

The adoption of a system based on student’s own work implies that lecturers cannot follow 
the traditional method of a one-way flow of information from lecturer to students. Rather, 
the role of the lecturer is to act as a mediator who exploits the considerable wealth of 
knowledge and experience that already exists in an average classroom. In other words, 
information should flow not only from lecturer to students, but also from students to 
lecturer and from students to students. However, it would be an unrealistic expectation if 
lecturers took for granted that students would spontaneously and actively involve in tasks 
on their own, therefore it is vitally important to motivate the students to actively participate 
in the learning process. The role of the lecturer is to gradually steer students towards active 
participation, enhancing also their confidence. The objective is to create, as early as possible, 
a co-operative climate within the classroom.  
To achieve this goal it is necessary to set the rules of the ground, which must be known by 
all participants from the very beginning of the course. Lecturers must not assume that 
students know what is expected of them, or that they will quickly learn the rules of the 
game naturally as activities develop, as this would affect negatively the confidence of 
students, would waste time, and is a threat towards the concept. In other words, at the 
beginning of the course, students will be explained the way in which they will work and 
how their performance will be evaluated. Handouts must contain clear answers to the 
following questions: What is the problem / What has been done by other researchers and 
where you can contribute / What have you done / Which method or tools have you used / 
What are your results / What is new and good, What is not good / Future research. 
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Considering that it is a reality that what is not evaluated is devaluated, it is of vital 
importance to evaluate each of the activities undertaken with students; therefore, an effort 
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We will propose some activities based on active methodologies with the purpose of 
developing specific competences, apart from generic ones. These activities are framed 
within a global program of continuous evaluation and include exams and laboratory 
practice, where students will be clearly informed from the beginning of the academic year 
the percentage weight of exams, of laboratory practices, and how will each of these activities 
contribute to the final mark of the subject. 
There are many manuals that explain methods to build different evaluation tests and 
describe their advantages and disadvantages (Zabalza, 1991; Casanova, 1999; Rosales, 1981; 
Lafourcade, 1973; Bloom et al. 1975; Stecher & Davis, 1990; García-Ramos, 1989). However, 
apart from the type of test used, the percentages coming from each of the mentioned fields, 
which add up the final mark, must be clearly established at the beginning of the course, 
which will depend on the skills or competences we wish students to develop. Finally, 
another important aspect favoured by continuous evaluation and by active methodologies is 
to create an atmosphere where students study to learn and not only with the sole purpose of 
passing their exams. This implies a continuous evaluation method useful for the rest of their 
lives. Finally, we can see the Bologna process is an opportunity to improve our educational 
practices. 

 
5. The activities 
 

We are going to describe some of the activities we have been using during recent years, 
designed for working in the way previously explained, with students of first year subjects 
such as “Fundamentals of Physics I” and “Fundamentals of Physics II” contained in 
different specialities of Industrial Engineering degrees. In what follows, we will describe the 
evaluation and the analysis of their use. The third activity can be developed during the 
years it takes to complete a University degree.  

 
5.1 Activity 1 
The motivation of this activity came from the fact that learning through one owns 
experience is much nurturing than learning through passive attendance. Physic laws are 
behind of all daily phenomena therefore is easy to design experiments that explain these 
phenomena in a very simple way. On the other hand, although it seems rather strange to 
undertake Physics experiments outside of a laboratory setting, simple experiments can be 
designed at very low cost using materials easily available at home. We hereby define 
“homemade” experiment as a very simple experiment, made with tools and objects easily 
available at home that show daily phenomenon easily understandable under the laws of 
Physics.  

 
5.1.1 Description 
The first activity consists of a design of the one of the so-called "homemade" experiments 
(Vilaplana & Gomis, 2008). This experiment will be undertaken with tools and objects easily 
available at home, and will show a phenomenon of daily life that can be understood in 
terms of the Physics behind it. Every student will design a homemade experiment and give 
to the lecturer a card containing the sections described in Fig. 1. Students must also show to 
the rest of the class, the result of the experiment, supported with a spoken presentation. The 

 

lecturer will make the card available to all, uploading it on the Physics subject website 
allowing students access to a wide range of examples which may also be downloaded. 
Fig. 2. shows a picture of a homemade experiment. A boiled egg is moving downwards as a 
consequence of the pressure difference between the inside and outside of the container. The 
pressure inside the container is lower than outside pressure because the container is in 
thermal contact with cold water (i.e. water with ice cubes). Should the container be in 
thermal contact with hot water, the egg would move upwards. 
 

 
Fig. 1. Experiment card and its sections 
 

 
Fig. 2. Egg moving downwards by pressure difference 
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5.1.2 Evaluation 
As we mentioned earlier, this activity is framed within a global program of continuous 
evaluation where different parts of the course, such laboratory practices and other activities, 
like the one we are describing, contribute to the subject’s final mark. Likewise, at the 
beginning of the course, students will be clearly informed about the percentages of each 
field that will contribute to the final mark. In our case, we established the percentage marks 
of the exams and laboratory practices higher than the percentage marks of the rest of the 
activities. As students realize that continuous evaluation allows them not to find themselves 
with accumulated workload prior to exams, they are generally happy when doing these 
continuous evaluation tasks, despite the overall low percentages we assign to these 
activities. For this particular activity, 60% of the activity mark is given when the card is 
completed and handed to the lecturer, and the other 40% is given after the verbal 
presentation. 

 
5.1.3 Analysis 
We have observed good implications of students when undertaking this activity. In general, 
students’ motivation has been rather high. This activity develops students’ curiosity, 
creativity and capacity of working in a more autonomous way. Furthermore, this activity 
contributed to provide the Physics subject a more practical and integrated quality of the 
subject. In other words, students learn through the development of hand-on skills. Apart 
from this advantage, actually undertaking the experiment and delivering a spoken 
presentation in the classroom, contributes to the improvement of their basic computer skills 
and spoken presentation skills respectively. 
A drawback we have found when we started to carry out this activity is that, the higher is 
the number of students, the greater is the necessary time to accomplish the activity, and 
therefore we recommend developing this activity when the number of students is less than 
forty or fifty (Martinez, 2006).  

 
5.2 Activity 2 
The motivation for developing this activity arises from the fact that autonomous student 
learning and personal initiative shall be skills very useful for them in real situations in their 
future jobs. We have called this activity “Designing multiple-answer questions”. 

 
5.2.1 Description 
This is a supervised project carried out by groups of two or three students, which consists 
on the design and implementation of multiple-answer questions using Hot PotatoesTM 

software (Half-Baked Software, 2005). This activity is one of the new methodologies that the 
Applied Physics Department of the Higher Polytechnic School of Alcoy (Polytechnic 
University of Valencia) has applied during recent years in order to adapt the first year 
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class. In order to monitor the work carried out by the groups some meetings should take 
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Fig. 3 shows the main window of the JQuiz module of Hot PotatoesTM that is the part of the 
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answer questions, ready for use in the Internet, can be found at the subject website: 
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5.2.2 Evaluation 
The evaluation of this activity shall be done as follows. Students must prepare a technical 
report explaining all the work carried out. This counts for 50% of the activity mark. The oral 
presentation to the rest of the class is the other 50% of the mark. As a whole, this activity 
contributes to a 10% of the total mark of the subject.  

 
5.2.3 Analysis 
This activity allows students to improve the knowledge of Physics, obliging them to revise 
and become masterful in a part of the Physics theory described during lectures. However, in 
addition to the specific competences of the subject, we want students to develop some 
generic ones. In what follows we enumerate some of the generic competences that we have 
been working on. The first one of these generic competences is to reinforce autonomous 
student learning. This has been carried out by guiding students through the task of 
designing the test questions where they work on their own with the supervision of the 
lecturer. Another competence is the ability to use a software program new to them. In this 
case we have chosen to use Hot PotatoesTM.  
The improvement of the knowledge of English language is another competence that has 
been worked on by taking as a starting point of the work a collection of multiple-answer 
exercises written in English given by the professor, and also by reading the documentation 
of the Hot PotatoesTM software originally written in English. Additionally, as students have 
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As we mentioned earlier, this activity is framed within a global program of continuous 
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like the one we are describing, contribute to the subject’s final mark. Likewise, at the 
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field that will contribute to the final mark. In our case, we established the percentage marks 
of the exams and laboratory practices higher than the percentage marks of the rest of the 
activities. As students realize that continuous evaluation allows them not to find themselves 
with accumulated workload prior to exams, they are generally happy when doing these 
continuous evaluation tasks, despite the overall low percentages we assign to these 
activities. For this particular activity, 60% of the activity mark is given when the card is 
completed and handed to the lecturer, and the other 40% is given after the verbal 
presentation. 

 
5.1.3 Analysis 
We have observed good implications of students when undertaking this activity. In general, 
students’ motivation has been rather high. This activity develops students’ curiosity, 
creativity and capacity of working in a more autonomous way. Furthermore, this activity 
contributed to provide the Physics subject a more practical and integrated quality of the 
subject. In other words, students learn through the development of hand-on skills. Apart 
from this advantage, actually undertaking the experiment and delivering a spoken 
presentation in the classroom, contributes to the improvement of their basic computer skills 
and spoken presentation skills respectively. 
A drawback we have found when we started to carry out this activity is that, the higher is 
the number of students, the greater is the necessary time to accomplish the activity, and 
therefore we recommend developing this activity when the number of students is less than 
forty or fifty (Martinez, 2006).  
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to do an oral presentation to the rest of the class, we want them to acquire the ability of 
presenting their work in public (e.g. by using the PowerPoint TM software program). 
With the competences enumerated above we want students to carry out in their first year 
course, a project as similar as possible to the one to be undertaken at the end of the degree, 
in terms of both richness and variety.  
In general, members of the groups have transmitted the usefulness of carrying out this 
activity because it is a project that covers different aspects such as: autonomous student 
learning of Physics, student auto-evaluation, computer software, oral communication 
abilities, etc.  
We, as lectures, have found this small project a very valuable experience for a first year 
course at university because all of our groups of students have carried out good jobs that 
can also be checked from the Internet link shown above. We plan for the future to extend 
gradually the number of groups that carry out this kind of work and also cover all the areas 
in Physics such as fluids, thermodynamics, translational dynamics, etc. However, we want 
to point out the difficulty in supervising this kind of activity, in our particular case, where 
the number of students is usually higher than one hundred. This fact limits the number of 
groups than can be guided by the teacher.  
 

 
Fig. 3. JQuiz module of Hot PotatoesTM used to create multiple-answer exercises. 

 

 
Fig. 4. Screen capture showing the web page with one question on work and energy. 

 
5.3 Activity 3  
The motivation for developing this activity arises from the fact that it takes years to learn 
and develop public presentations skills consciously adapted to the unique and varied 
audience situations we shall encounter during our professional lives. We have called this 
activity “Preparing an audience-fit presentation”. This activity is part of the two previous 
ones and it has been explained for general contexts. However, this skill extensively used in 
marketing, can also be used in different subjects. 

 
5.3.1 Description 
During the several years it takes to complete a university degree, we have a great 
opportunity for preparing ourselves for real life situations. Such is the case of learning how 
to adequately prepare presentations for their deliverance in public, a skill that we shall 
probably use during the rest of our lives. 
More and more, students are asked to prepare PowerPointTM presentations in order to 
deliver to an audience, the results of their work. Many manuals will assist students in using 
the software, choose colours, backgrounds or visual transitions. However, it is a key fact 
that content must be prepared in such a way that the audience, within the environment 
where the presentation takes place, can actually understand what the presenter has to say.  
This activity is intended to help students to develop their competence when presenting to an 
audience, and to understand the importance of transmitting their messages arising from 
their work, in a manner than can be understood. 
 
Developing the competence 
During the years it takes to complete a degree, it is advisable to do as many presentations as 
possible. The only way to learn how to do great presentations is by actually doing them, 
being subject to different situations where different messages need to be put forward to 
diverse audiences. This author has seen over the years, time and time again, that those 
students, who made the effort to prepare presentations to the best of their knowledge, are 
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today competent presenters who do great presentations in front of different types of 
audiences. 
 
Preparation is paramount 
One of the key factors about learning how to be competent with presentations is to have 
invested some time in their preparation and rehearsal. 
 
Selling the product 
Putting a presentation forward to an audience can be also be seen as if we were selling the 
results of our work to people who might buy it, just as if it was a product. But first, potential 
buyers need to understand what the product is actually about. When companies develop 
products and put them into shops for sale, they tell us what the product is about, what is it 
useful for, and tend to inform us about the main features of the product. 
When we are going to do a presentation, students will be knowledgeable with their work, 
however the audience might not know so much about the topic, therefore contents have to 
be put forward to them in a manner that at least they have the chance to understand what 
they are being explained. After all, students might have spent long hours preparing their 
work, want to be understood by the audience, and will probably have just few minutes to 
present the results of their work. 
 
Organising the presentation 
In what follows we will provide guidance about how to prepare an audience-fit 
presentation. 
 
1.- Presentation content 
2.- The environment 
3.- Doing the presentation 
 
First: Presentation content 
 
Make the core message clear. It seems to be a human feature, but when we design our own 
product and want to tell other people about it, we many times forget to tell what the most 
important features of the product are. For instance, the most important feature of a 
wristwatch is that it tells the time. No matter how beautiful the watch is, if it does not 
perform its main function correctly, people will think it is not useful. 
When designing the contents of the presentation, do not forget to clearly address the most 
important message you have to say, as what might seem obvious to you, might indeed not 
be obvious at all to your audience. 
One way of doing this is actually telling people, which is the core message we want to say. 
When we make emphasis on the core message and put it forward in a clear manner, we 
have a greater chance of succeeding when delivering our messages to a varied audience. 
 No matter how excited you are in trying to show to the public how hard you have worked, 
stick to your point and say your core message clearly. Despite how easy we make it for the 
audience, they might have seen some presentations already and might not be paying their 
full attention. Psychologists argue that the attention of a listener goes flat after only 45 
minutes. 

 

Fig. 5 shows the impact on the audience of selecting an appropriate font size. Select a size 
that is readable in the presentation room. 
 

 
Fig. 5. Different font sizes 
 
Colours. Use colours that will also be appropriate for the light environment of the 
classroom. A rule of thumb is to use dark letters with a light background or vice versa. Try 
different colour combinations, adapted for the room where the presentation will take place. 
For instance, try using light colours such as white with dark backgrounds such as black. Fig. 
6 shows an example of different colour combinations. Do not use colours that cannot be 
seen. 
 
Balance the content. Use few sentences: perhaps 3 short sentences per slide. Keep the text 
adequate in length, better short than long, making sure you use the core keywords that are 
necessary to get the message across. Fig. 7 shows an example of balanced content, whilst Fig. 
8 shows an example of a slide overloaded with content. 
 

 
Fig. 6. Choose visible colours 
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Fig. 7. Balanced content 
 

 
Fig. 8. Overloaded content 
 
Second: The Environment  
 
The environment refers to the room where the presentation will take place, the available 
resources such as projectors and sound systems, and the audience that will attend the 
presentation. 
When a presentation is designed taking in mind the room and the audience that is actually 
going to see it, there is a higher chance of getting the message across. 
 Walk around the classroom and put yourself in the situation of all the audience that will be 
sitting there. Sometimes the resources are not adequate, for instance the screen might be 
small. In such a case, you will have to adapt the font size. If you are going to give the 
presentation in a room that you do not know, or cannot visit prior to the presentation, do 

 

not hesitate to ask someone who knows about the room and the available resources that you 
need for your presentation, such as loudspeakers. 
 
Third: Doing the presentation 
 
Preparation is paramount. One of the factors to success is to do rehearsals with the 
presentation once it is complete. Not only will rehearsals help us to test what we are going 
to say and help us to polish mistakes, but also they help us to master our presentation skills. 
Perhaps one of the best ways of organising the content is to use an introduction slide that 
provides an index of the slides to come.  
A standard sequence could be the following, which should go along with a verbal 
presentation. 
1. - Introduce yourself and the team your represent. 
2. - What is the presentation about. 
3. - Brief overview of the topics to be addressed and the outcomes. 
4. - Then do the actual presentation. 
5. - Finish with a conclusion. 
6. - Thank the audience and ask if there are any questions. 
Make yourself clear when you speak. Whether you speak with or without a microphone, 
make sure your voice can be heard in all parts of the room. 
 
Stick to the time limit. Usually when giving a presentation, we are subject to a time limit 
that is imposed on us. Whatever the time limit is, try your best and stick to it. 
If we have adequately prepared and rehearsed the presentation, even if anything goes 
wrong at the time of presenting, if we have clear what we want to say and actually say it, 
the audience will still have the chance of receiving our core message. Preparing and then 
rehearsing a presentation is one of the key factors to success, and the skill developed when 
doing this will be very useful for different presentations we will give during the rest of our 
lives. 

 
5.3.2 Evaluation 
It is useful to provide feedback to presenters, in order to let them know how well they did 
from the point of view of the audience. 
Whether presentations are made in groups of students or on an individual basis, those 
students who made up the public, can use the card shown in Table 1 in order to provide 
feedback to the presenter. 
 
 
 
 
 
 
 

Working	in	Terms	of	Competences:	Activities	Designed	Using	Active	Methodologies 369

 

 
Fig. 7. Balanced content 
 

 
Fig. 8. Overloaded content 
 
Second: The Environment  
 
The environment refers to the room where the presentation will take place, the available 
resources such as projectors and sound systems, and the audience that will attend the 
presentation. 
When a presentation is designed taking in mind the room and the audience that is actually 
going to see it, there is a higher chance of getting the message across. 
 Walk around the classroom and put yourself in the situation of all the audience that will be 
sitting there. Sometimes the resources are not adequate, for instance the screen might be 
small. In such a case, you will have to adapt the font size. If you are going to give the 
presentation in a room that you do not know, or cannot visit prior to the presentation, do 

 

not hesitate to ask someone who knows about the room and the available resources that you 
need for your presentation, such as loudspeakers. 
 
Third: Doing the presentation 
 
Preparation is paramount. One of the factors to success is to do rehearsals with the 
presentation once it is complete. Not only will rehearsals help us to test what we are going 
to say and help us to polish mistakes, but also they help us to master our presentation skills. 
Perhaps one of the best ways of organising the content is to use an introduction slide that 
provides an index of the slides to come.  
A standard sequence could be the following, which should go along with a verbal 
presentation. 
1. - Introduce yourself and the team your represent. 
2. - What is the presentation about. 
3. - Brief overview of the topics to be addressed and the outcomes. 
4. - Then do the actual presentation. 
5. - Finish with a conclusion. 
6. - Thank the audience and ask if there are any questions. 
Make yourself clear when you speak. Whether you speak with or without a microphone, 
make sure your voice can be heard in all parts of the room. 
 
Stick to the time limit. Usually when giving a presentation, we are subject to a time limit 
that is imposed on us. Whatever the time limit is, try your best and stick to it. 
If we have adequately prepared and rehearsed the presentation, even if anything goes 
wrong at the time of presenting, if we have clear what we want to say and actually say it, 
the audience will still have the chance of receiving our core message. Preparing and then 
rehearsing a presentation is one of the key factors to success, and the skill developed when 
doing this will be very useful for different presentations we will give during the rest of our 
lives. 

 
5.3.2 Evaluation 
It is useful to provide feedback to presenters, in order to let them know how well they did 
from the point of view of the audience. 
Whether presentations are made in groups of students or on an individual basis, those 
students who made up the public, can use the card shown in Table 1 in order to provide 
feedback to the presenter. 
 
 
 
 
 
 
 



New	Achievements	in	Technology,	Education	and	Development368

 

 
Fig. 7. Balanced content 
 

 
Fig. 8. Overloaded content 
 
Second: The Environment  
 
The environment refers to the room where the presentation will take place, the available 
resources such as projectors and sound systems, and the audience that will attend the 
presentation. 
When a presentation is designed taking in mind the room and the audience that is actually 
going to see it, there is a higher chance of getting the message across. 
 Walk around the classroom and put yourself in the situation of all the audience that will be 
sitting there. Sometimes the resources are not adequate, for instance the screen might be 
small. In such a case, you will have to adapt the font size. If you are going to give the 
presentation in a room that you do not know, or cannot visit prior to the presentation, do 

 

not hesitate to ask someone who knows about the room and the available resources that you 
need for your presentation, such as loudspeakers. 
 
Third: Doing the presentation 
 
Preparation is paramount. One of the factors to success is to do rehearsals with the 
presentation once it is complete. Not only will rehearsals help us to test what we are going 
to say and help us to polish mistakes, but also they help us to master our presentation skills. 
Perhaps one of the best ways of organising the content is to use an introduction slide that 
provides an index of the slides to come.  
A standard sequence could be the following, which should go along with a verbal 
presentation. 
1. - Introduce yourself and the team your represent. 
2. - What is the presentation about. 
3. - Brief overview of the topics to be addressed and the outcomes. 
4. - Then do the actual presentation. 
5. - Finish with a conclusion. 
6. - Thank the audience and ask if there are any questions. 
Make yourself clear when you speak. Whether you speak with or without a microphone, 
make sure your voice can be heard in all parts of the room. 
 
Stick to the time limit. Usually when giving a presentation, we are subject to a time limit 
that is imposed on us. Whatever the time limit is, try your best and stick to it. 
If we have adequately prepared and rehearsed the presentation, even if anything goes 
wrong at the time of presenting, if we have clear what we want to say and actually say it, 
the audience will still have the chance of receiving our core message. Preparing and then 
rehearsing a presentation is one of the key factors to success, and the skill developed when 
doing this will be very useful for different presentations we will give during the rest of our 
lives. 

 
5.3.2 Evaluation 
It is useful to provide feedback to presenters, in order to let them know how well they did 
from the point of view of the audience. 
Whether presentations are made in groups of students or on an individual basis, those 
students who made up the public, can use the card shown in Table 1 in order to provide 
feedback to the presenter. 
 
 
 
 
 
 
 

Working	in	Terms	of	Competences:	Activities	Designed	Using	Active	Methodologies 369

 

 
Fig. 7. Balanced content 
 

 
Fig. 8. Overloaded content 
 
Second: The Environment  
 
The environment refers to the room where the presentation will take place, the available 
resources such as projectors and sound systems, and the audience that will attend the 
presentation. 
When a presentation is designed taking in mind the room and the audience that is actually 
going to see it, there is a higher chance of getting the message across. 
 Walk around the classroom and put yourself in the situation of all the audience that will be 
sitting there. Sometimes the resources are not adequate, for instance the screen might be 
small. In such a case, you will have to adapt the font size. If you are going to give the 
presentation in a room that you do not know, or cannot visit prior to the presentation, do 

 

not hesitate to ask someone who knows about the room and the available resources that you 
need for your presentation, such as loudspeakers. 
 
Third: Doing the presentation 
 
Preparation is paramount. One of the factors to success is to do rehearsals with the 
presentation once it is complete. Not only will rehearsals help us to test what we are going 
to say and help us to polish mistakes, but also they help us to master our presentation skills. 
Perhaps one of the best ways of organising the content is to use an introduction slide that 
provides an index of the slides to come.  
A standard sequence could be the following, which should go along with a verbal 
presentation. 
1. - Introduce yourself and the team your represent. 
2. - What is the presentation about. 
3. - Brief overview of the topics to be addressed and the outcomes. 
4. - Then do the actual presentation. 
5. - Finish with a conclusion. 
6. - Thank the audience and ask if there are any questions. 
Make yourself clear when you speak. Whether you speak with or without a microphone, 
make sure your voice can be heard in all parts of the room. 
 
Stick to the time limit. Usually when giving a presentation, we are subject to a time limit 
that is imposed on us. Whatever the time limit is, try your best and stick to it. 
If we have adequately prepared and rehearsed the presentation, even if anything goes 
wrong at the time of presenting, if we have clear what we want to say and actually say it, 
the audience will still have the chance of receiving our core message. Preparing and then 
rehearsing a presentation is one of the key factors to success, and the skill developed when 
doing this will be very useful for different presentations we will give during the rest of our 
lives. 

 
5.3.2 Evaluation 
It is useful to provide feedback to presenters, in order to let them know how well they did 
from the point of view of the audience. 
Whether presentations are made in groups of students or on an individual basis, those 
students who made up the public, can use the card shown in Table 1 in order to provide 
feedback to the presenter. 
 
 
 
 
 
 
 



New	Achievements	in	Technology,	Education	and	Development370

 

Presentation review card 
Name of Presenter:                                                                           Reviewed by:  

 (Rate 0-10 points) 

I could adequately read the presentation  

I could hear the presentation correctly  

I have understood the core message(s)  

Presentation is well balanced and organised  

Presentation is complete  

Presentation was finalised with a convincing conclusion  

Presentation could be adequately followed in the room  

Presentation and Presenter were professional  

Presenter made the presentation interesting  

Presenter complied with the allocated time  

Total points (max. 100):   

Comments 
 
 
 

Table 1. Presentation review card 
 
Once you have rated all students or groups you will be able to compare, from the point of 
view of the audience, how well you did. 

 
5.3.3 Analysis 
This activity was intended to help students to develop their competence when presenting to 
an audience, a skill that will help them to train for real life situations. Emphasis was made 
on the importance of putting across the core messages arising from their work, in a manner 
than can be understood by the audience in each specific environment. 
Presenting in public in real life situations, require the same skills when presenting to peer 
students, but with the increased aggravator that the members of the audience will not be 
known, fact that will increase our nervousness. 

 

Over the years, we have witnessed how those students, who made the effort to prepare 
adequate presentations for different audiences, actually achieved mastery when 
undertaking presentations in public, ensuring that the audience has the opportunity to 
understand the core message. 
It is habitual that at the time of giving the public presentation, things do not always happen 
as we expected, therefore all accumulated experience will help to keep things under control. 
Preparation is paramount. 
In the classroom, all students are the in same situation: they are there to learn and keep 
learning. Therefore, we have an opportunity if we consciously use the years it takes to 
complete a university degree to train ourselves for real life situations, doing as many 
presentations as possible, which will definitely contribute to our personal success. 

 
6. Conclusion 
 

Having used these activities within a global program of continuous evaluation during the 
past three years (Vilaplana et al., 2007; Vilaplana & Gomis, 2008), our overall assessment is 
positive. We have observed a number of advantageous results. For instance, students´ 
motivation increases as their duties are spread out during the duration of the subject; 
therefore they do not find themselves with accumulated workload prior to exams. This 
means that students can follow the subjects of Physics easier. Another advantage is the 
combined development of specific and generic competences. Each degree compiles the 
specific competences to be developed, as demanded by society. Their developments greatly 
depend on the active methodologies used in activities. In other words, the nature of these 
activities leads to an active student attitude. In brief, it is clear that it is possible to achieve a 
much more meaningful and integrated learning when continuous evaluation is used. 
Acknowledgment is also given to the design of activities based on active methodologies. 
Moreover, we have tested that development through one’s own experience is much more 
helpful than learning through passive attendance. 
On the other hand, we have encountered some short backs when trying to reach our 
purposes. One of these is related to number of students that are enrolled in a subject. Large 
groups difficult the successful completion of these activities due to the excessive time 
needed. We have concluded that an adequate number of students would be around forty or 
fifty. Another challenging concern is the time needed by students to undertake each activity. 
Learning within the ECTS framework implies that we should take this aspect into account, 
and not overload students with excessive hours of work. Beside this, it is part of role of 
lecturers to change student habits of study. Therefore, institutions should make an effort in 
providing lecturers with adequate training, so that they can improve the required skills for 
their new role as facilitators and can gradually encourage their students to participate 
actively during lectures. 
Having mentioned the advantages and disadvantages we have reached to the conclusion 
that the use of continuous evaluation and active methodologies, as well as the change in 
lecturer role and the active participation of the students in the class, altogether make it 
possible to work in terms of competences. Continuous evaluation and active methodologies 
facilitate the generation of an adequate atmosphere for working in this way. To accomplish 
this, it is imperative that lecturers are trained for their new role as facilitators. These 
ingredients, when combined, will naturally drive students towards the accomplishment of 
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Presentation review card 
Name of Presenter:                                                                           Reviewed by:  

 (Rate 0-10 points) 

I could adequately read the presentation  

I could hear the presentation correctly  

I have understood the core message(s)  

Presentation is well balanced and organised  

Presentation is complete  

Presentation was finalised with a convincing conclusion  

Presentation could be adequately followed in the room  

Presentation and Presenter were professional  

Presenter made the presentation interesting  

Presenter complied with the allocated time  

Total points (max. 100):   

Comments 
 
 
 

Table 1. Presentation review card 
 
Once you have rated all students or groups you will be able to compare, from the point of 
view of the audience, how well you did. 

 
5.3.3 Analysis 
This activity was intended to help students to develop their competence when presenting to 
an audience, a skill that will help them to train for real life situations. Emphasis was made 
on the importance of putting across the core messages arising from their work, in a manner 
than can be understood by the audience in each specific environment. 
Presenting in public in real life situations, require the same skills when presenting to peer 
students, but with the increased aggravator that the members of the audience will not be 
known, fact that will increase our nervousness. 

 

Over the years, we have witnessed how those students, who made the effort to prepare 
adequate presentations for different audiences, actually achieved mastery when 
undertaking presentations in public, ensuring that the audience has the opportunity to 
understand the core message. 
It is habitual that at the time of giving the public presentation, things do not always happen 
as we expected, therefore all accumulated experience will help to keep things under control. 
Preparation is paramount. 
In the classroom, all students are the in same situation: they are there to learn and keep 
learning. Therefore, we have an opportunity if we consciously use the years it takes to 
complete a university degree to train ourselves for real life situations, doing as many 
presentations as possible, which will definitely contribute to our personal success. 
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active participation. Finally, we have observed that the use of continuous evaluation and the 
use of active learning methodologies make possible that student not only study to pass their 
exams, but to learn. 
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1. Introduction 
 

This chapter focuses on several attempts taken to bridge the digital divide in South Africa 
and the impact of information and communication technologies (ICT) on development in 
the country. It is important to note that the advent of information and communication 
technologies (ICTs) has indeed led to technological revolution across the globe and it 
continues to change the global social and economic milieus of countries making use of these 
technologies. It is a fact that most developed countries have become knowledge societies 
because of this technological revolution while most developing countries are also putting 
strategies in place to bridge the digital divide by encouraging the use of ICTs. Interestingly, 
most people in these developing and most especially under-developed countries still do not 
have access to ICTs. This is probably due to the fact that ICT facilities are not available in the 
area where they reside or because they cannot afford the use of such ICTs. This Chapter will 
therefore attempt to look at various steps that have been taken towards bridging the digital 
divide in South Africa and the impact of new technologies on development in the country. 
The focus of this Chapter will be narrowed down to e-government, e-commerce, e-learning 
and the impact of telecentres among other with the aim of looking at ICTs as an 
indispensable tool for enabling governments to deliver public services and information to 
the populace. This Chapter will also look at attempts towards bridging the digital divide 
among some selected South African higher institutions and also evaluate the level of their 
ICT usage and its impact on e-learning in these selected institutions. 

 
2. Theoretical Underpinning 
 

The theoretical underpinning that best underpins this Chapter is the Knowledge Gap 
Hypothesis as postulated by Tichenor, Donohue and Olien in 1970 and the “Access Rainbow 
Model”. The knowledge gap hypothesis emphasises the knowledge or information gap that 

23



New	Achievements	in	Technology,	Education	and	Development372

 

active participation. Finally, we have observed that the use of continuous evaluation and the 
use of active learning methodologies make possible that student not only study to pass their 
exams, but to learn. 

 
7. References 
 

Bloom, B.; Hastings, T.; Madaus, G. (1975). Evaluación del aprendizaje. Ed. Troquel. Buenos 
Aires. 

Casanova, M. A. (1999). Manual de evaluación educativa. Ed. La Muralla. Madrid. 
García-Ramos, J. M. (1989). Bases prácticas de la evaluación. Ed. Síntesis: Madrid. 
Gomis, O.; Blanes, G.; Manjón, F. J.; Millán, C.; Domingo, M. (2001). Test de conocimientos: 

Una herramienta para mejorar la docencia. Proceedings de la XXVIII Reunión Bienal 
de la Sociedad Española de Física, Vol. 2, pp. 313-314, ISBN: 84-932150-0-7, Sevilla, 
Septiembre 2001, Spain. 

Gomis, O.; Luna, R.; Blanes, G. (2007). Towards and active and autonomous student 
learning: design of interactive multiple-choice exercises by using Hot PotatoesTM. 
Proceedings of the  INTED 2007. ISBN: 978-84-611-4517-1. Valencia, 2007, IATED, 
Valencia. 

Gonzalez, J. Y.; Wagenar, R. (2003). Tuning Educational Structures in Europe.  Informe Final. 
Fase I.  Universidad de Deusto. 

Gonzalez, M. L. et al. (2006). Aplicación de metodologías docentes activas en ingeniería: 
experiencia del grupo Greidi. CUIEET, Gijon. Spain. 

Half-Baked Software, Inc. (2005). Hot Potatoes. URL: http://hotpot.uvic.ca/index.htm. 
Instituto de Ciencias de la Educación (ICE). (2006). Plan de acción para la Convergencia 

Europea (PACE). Guía docente de la UPV: criterios para su elaboración. 
Universidad Politécnica de Valencia. 

Lafourcade, P. (1973). Evaluación de los aprendizajes. Ed. Kapelusz. Buenos Aires. 
Lasnier, F. (2000). Réussir la formation par competencies. Ed. Guérin. Montreal. 
Martinez, M. C. et al. (2006). Experiencias de innovación en la planificación de asignaturas 

de ingeniería técnica y su aplicación en grupos grandes. CIDUI ,Barcelona. Spain. 
Rosales, C. (1981). Criterios para una evaluación formativa. Ed. Narcea. Madrid. 
Stecher, B. M.; Davis, W. A. (1990). How to focus on evaluation. Ed. Sage. Newbury Park, 

California. EE.UU. 
Vilaplana, R.; Satorre, M. A.; Canto, J. (2007). The continuous evaluation: An activity in the 

ECTS framewok. Proceedings of the INTED 2007. ISBN: 978-84-611-4517-1. Valencia, 
2007, IATED, Valencia. 

Vilaplana, R.; Gomis, O. (2008). Working in terms of competences: An activity designed 
using active methodologies. Proceedings of the INTED 2008. ISBN: 978-84-612-0190-7. 
Valencia, 2008, IATED, Valencia. 

Zabalza, M.A. (1991) Diseño y desarrollo curricular. Ed. Narcea. Madrid. 

Bridging	the	digital	divide	and	the	impact	of	new		
media	technologies	on	development	in	South	Africa 373

Bridging	the	digital	divide	and	the	impact	of	new	media	technologies	on	
development	in	South	Africa

Osunkunle,	Oluyinka	Oludolapo

X 
 

"Bridging the digital divide and the impact of 
new media technologies on development in 

South Africa". 
 
 

Osunkunle, Oluyinka Oludolapo 
Department of Communication, Faculty of Social Sciences and Humanities 

University of Fort Hare 
South Africa 

 
1. Introduction 
 

This chapter focuses on several attempts taken to bridge the digital divide in South Africa 
and the impact of information and communication technologies (ICT) on development in 
the country. It is important to note that the advent of information and communication 
technologies (ICTs) has indeed led to technological revolution across the globe and it 
continues to change the global social and economic milieus of countries making use of these 
technologies. It is a fact that most developed countries have become knowledge societies 
because of this technological revolution while most developing countries are also putting 
strategies in place to bridge the digital divide by encouraging the use of ICTs. Interestingly, 
most people in these developing and most especially under-developed countries still do not 
have access to ICTs. This is probably due to the fact that ICT facilities are not available in the 
area where they reside or because they cannot afford the use of such ICTs. This Chapter will 
therefore attempt to look at various steps that have been taken towards bridging the digital 
divide in South Africa and the impact of new technologies on development in the country. 
The focus of this Chapter will be narrowed down to e-government, e-commerce, e-learning 
and the impact of telecentres among other with the aim of looking at ICTs as an 
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The theoretical underpinning that best underpins this Chapter is the Knowledge Gap 
Hypothesis as postulated by Tichenor, Donohue and Olien in 1970 and the “Access Rainbow 
Model”. The knowledge gap hypothesis emphasises the knowledge or information gap that 
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exists in the society and it also stresses the importance of bridging the information gap that 
exists between the ‘haves’ and ‘have nots’. It states that: 
 
“as the infusion of mass media information into social system increases,  
 segments of the population with higher socio-economic status tend to  
 acquire this information at a faster rate than the lower status segments,  
 so that the gap in knowledge between these segments tends to increase  
 rather than decrease” (Severin and Tankard, 1988: 287). 
 
Media scholars, De Fleur & Ball-Rokeach (1996) argued that communication technology is 
changing so rapidly that many people speak of a “communication revolution” or an 
“information explosion”. Some of the new technologies are videotape recorders, video 
cassettes, cable television, home delivery of newspapers printed via satellite, access to 
computer information services from home computers and communication between home 
computers via modems. In addition, Tettey (2001) concurs that many of these technologies 
have the dramatic effect of giving the user much control over the communication process 
and the information received. Severin & Tankard (1988) further argued that theoretically, 
these new technologies can be used to the benefit of people throughout the society. 
However, many of these technologies are expensive and because of the cost, these 
technologies may be available to those who can afford them than to those who cannot. For 
this reason and others, an unfortunate effect of the technological revolution in 
communication could be a further widening of the knowledge gap and the digital divide. 
For example, continuous ownership of computers provides evidence to who will have 
access to new technologies and information and who will not? 
 
Severin & Tankard (1988), believed that the tendency is for the well placed, the rich and for 
example, the financially viable individuals and institutions to continue to have greater 
access to the new technologies. On the other hand, the poor and financially handicapped 
individuals and institutions will continue to lack behind in terms of access to the new 
technologies. It is therefore important that strategies are put in place to close the information 
gap and bridge the digital divide.  
 
In addition, this study also relies on the “Access Rainbow Model” developed by Clement & 
Shade (1996) as stated by Gurstein (2000). This model is a 7-layer conceptual model of access 
to the information / communication infrastructure as shown below:  
 

 
According to Clement & Shade (1996), in Gurstein (2000), the model aims to provide basis 
for universal access to the new technologies and point to concrete steps that need to be 
considered for achieving this objective and aiming to bridge the digital divide. The main 
element is the content / services layer in the middle. However, it is important to point out 
that all the other layers in this model are also necessary in order to enjoy content / service 
access. It is also necessary to note that in this model of information infrastructure, what is 
vital to achieving success is the careful articulation of the relationships between the seven (7) 
layers. Starting with the lower layer, the following layers build upon each other and should 
be carefully considered towards bridging the digital divide and to ensure access to 
information and technologies (David, 1997; Gurstein, 2000). 
 
The “access rainbow model” is analysed below: 
 
Carriage facilities: These refer to the facilities that store, serve or carry information. Efforts 
must be made to ensure that carriage media like telephone networks, radio and television 
networks, the Internet and other networks are widely available and affordable for use by 
people. This will no doubt help to narrow the information gap that may exist in the society 
and thus bridge the digital divide 
 
Devices: These refer to the actual physical devices that people operate like telephone 
terminal equipment, television, and radio receivers, printers and scanners. These facilities 
should also be affordable, not rapidly obsolete and easy to use by intended users. 
 
Software Tools: These refer to the programme that operate the devices and make 
connections to services. They need to be affordable, multilingual, privacy enhancing, and 
easy for everyone to use. 
 
Content / Services: These refer to the actual information and communications services 
people find useful. The aim is to facilitate access to a wide range of information and 
communication services that people find valuable in their daily activities. People need to be 
able to interact meaningfully with others, obtain information easily and contribute creatively 
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computer information services from home computers and communication between home 
computers via modems. In addition, Tettey (2001) concurs that many of these technologies 
have the dramatic effect of giving the user much control over the communication process 
and the information received. Severin & Tankard (1988) further argued that theoretically, 
these new technologies can be used to the benefit of people throughout the society. 
However, many of these technologies are expensive and because of the cost, these 
technologies may be available to those who can afford them than to those who cannot. For 
this reason and others, an unfortunate effect of the technological revolution in 
communication could be a further widening of the knowledge gap and the digital divide. 
For example, continuous ownership of computers provides evidence to who will have 
access to new technologies and information and who will not? 
 
Severin & Tankard (1988), believed that the tendency is for the well placed, the rich and for 
example, the financially viable individuals and institutions to continue to have greater 
access to the new technologies. On the other hand, the poor and financially handicapped 
individuals and institutions will continue to lack behind in terms of access to the new 
technologies. It is therefore important that strategies are put in place to close the information 
gap and bridge the digital divide.  
 
In addition, this study also relies on the “Access Rainbow Model” developed by Clement & 
Shade (1996) as stated by Gurstein (2000). This model is a 7-layer conceptual model of access 
to the information / communication infrastructure as shown below:  
 

 
According to Clement & Shade (1996), in Gurstein (2000), the model aims to provide basis 
for universal access to the new technologies and point to concrete steps that need to be 
considered for achieving this objective and aiming to bridge the digital divide. The main 
element is the content / services layer in the middle. However, it is important to point out 
that all the other layers in this model are also necessary in order to enjoy content / service 
access. It is also necessary to note that in this model of information infrastructure, what is 
vital to achieving success is the careful articulation of the relationships between the seven (7) 
layers. Starting with the lower layer, the following layers build upon each other and should 
be carefully considered towards bridging the digital divide and to ensure access to 
information and technologies (David, 1997; Gurstein, 2000). 
 
The “access rainbow model” is analysed below: 
 
Carriage facilities: These refer to the facilities that store, serve or carry information. Efforts 
must be made to ensure that carriage media like telephone networks, radio and television 
networks, the Internet and other networks are widely available and affordable for use by 
people. This will no doubt help to narrow the information gap that may exist in the society 
and thus bridge the digital divide 
 
Devices: These refer to the actual physical devices that people operate like telephone 
terminal equipment, television, and radio receivers, printers and scanners. These facilities 
should also be affordable, not rapidly obsolete and easy to use by intended users. 
 
Software Tools: These refer to the programme that operate the devices and make 
connections to services. They need to be affordable, multilingual, privacy enhancing, and 
easy for everyone to use. 
 
Content / Services: These refer to the actual information and communications services 
people find useful. The aim is to facilitate access to a wide range of information and 
communication services that people find valuable in their daily activities. People need to be 
able to interact meaningfully with others, obtain information easily and contribute creatively 
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Software Tools: These refer to the programme that operate the devices and make 
connections to services. They need to be affordable, multilingual, privacy enhancing, and 
easy for everyone to use. 
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people find useful. The aim is to facilitate access to a wide range of information and 
communication services that people find valuable in their daily activities. People need to be 
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to the store of available information. It is therefore essential that content and services should 
be affordable, reliable and usable.  
 
Service / Access Provision: The organisations that provide network services and access to 
users must be easily accessible and affordable too. These include the Internet service 
providers, telephone companies, community nets (networks), libraries, schools, community 
organisations, workplaces and other publicly accessible facilities. Even, individual 
subscribers must be well served. 
 
Literacy / Social facilitation: ICTs are complex technologies requiring a range of skills to 
manipulate and use effectively. Acquiring these skills is largely a social process involving a 
combination of formal and informal methods within the context of supportive learning 
environments. The means of acquiring networking skills need to be affordable, readily 
available, suitable to learners varied life situations and sensitive to language, cultural and 
gender differences. 
 
Government / Policy: The central challenge of governance is to foster a democratic process 
that allows all the stakeholders to have access to basic information and participate in public 
policy making with ICTs playing a vital role in information processing and dissemination. 
 
It must be noted that various communication services, including the information highway, 
are becoming very vital on a daily basis if citizens are to have access to social, economic, 
educational, and government information. Also, many institutions and agencies in the 
private and public sectors have put policies in place to avoid continuous publication of 
hard-copy materials and replace them with online access. The aim is to move or motivate 
people to rely on electronic information and having prompt access to this information when 
required. However, with this move to digital media, many rural, socially marginalised, and 
economically disadvantaged citizens and universities are being denied the opportunity to 
benefit from and contribute to the developing information society (Clement & Shade, 1996; 
David, 1997; Gurstein, 2000).  
As noted by David (1997) and Gurstein (2000), many people, individuals, institutions, and 
organisations are unable to afford the necessary devices such as hardware and software for 
them to get online in the first place. Apart from not having these devices, another major 
problem is not having received the required training to use the devices. Interestingly, the 
converging nature of these new technologies, and the high costs of acquiring the necessary 
hardware and software threaten to continuously widen the gap even further between the 
information "haves" and "have nots". This is what the “access rainbow model” aims to 
explain. Addressing the various issues hindering access and ensuring affordability of the 
necessary devices will no doubt help to bridge the digital divide that exists today in the 
society at large.  

 
3. Defining Information and Communications Technology (ICT) 
 

Over the years, various scholars and researchers have given acceptable and similar 
definitions of information and communications technologies (ICTs). However, for the 
purpose of this Chapter, the definition of Kouakou (2003), Nwuke (2003) and Osunkunle 

(2008) will be used. They all noted that ICT encompasses various technologies that enhance 
the creation, storage, processing, communication and dissemination of information. They 
also stated that ICTs refer to the different infrastructures used in the above processes, their 
applications and the numerous services these infrastructures render. Research has also 
shown that the following technologies form the elements of ICTs: 
(1) Media of communication (e.g. Radio and Television) 
(2) Information machine (e.g. Computers) 
(3) Telecommunications technologies and equipments (Satellites, fibre optic cables, phones, 
facsimile machines). Telecommunications infrastructures in particular have become the 
driving forces of ICTs as they have the capability to link all various ICT elements together 
(Macro Environment & Telecommunications, 2003). 
Also, in a joint project aimed at investigating the role of ICTs in education in South Africa, 
the country’s Departments of Communication and Education note that ICTs include various 
forms of electronic communication in both analogue and digital form with digital electronic 
devices including computers, compact disks (Cds) among others and analogue devices 
consisting of conventional radio broadcast technology such as tape recorders etc. In 
addition, Richard Heeks (1999: 3) defines ICTs as “electronic means of capturing, 
processing, storing and communicating information”.  

 
4. Global overview of the digital divide 
 

The advent of information and communication technologies (ICTs) has indeed led to 
technological revolution across the globe and it continues to change the global social and 
economic milieus of countries making use of these technologies. It is interesting to note that 
developed countries have become knowledge societies because of this technological 
revolution and most developing countries are also putting strategies in place to bridge the 
digital divide by encouraging the use of ICTs (Stevenson, 1988; Osunkunle, 2008). It must 
however be pointed out that digital divide exits in these developing and most especially 
under-developed countries as most people still do not have access to ICTs. This is probably 
due to the fact that ICT facilities are not available in the area where they reside or because 
they cannot afford the use of such ICTs. The International Telecommunication Union (ITU) 
also attests to the fact that the availability, use and deployment of ICTs vary from country to 
country and also from rural to urban areas (ITU, 2003).  
According to Lesame (2005: 3), the term “digital divide” refers to ‘the gap between the 
access of individuals, households, organisations, countries and regions at different socio-
economic levels of ICTs and Internet usage’. Also, media scholars like Beebe, Kouakou, 
Oyeyinka & Rao (2003) defined “digital divide” as the gap that exists between those who 
have access to and can also effectively use new information and communication tools, such 
as the internet, and those who cannot and do not have access. This shows that digital divide 
not only refers to the gap that exists between the impoverished, poor, rural “have-nots” and 
the affluent, rich, urban “haves”, but it also points to the divide that exits between the 
underdeveloped and developed nations of the world (Osunkunle, 2008).  
Globally, digital divide exists and this is evident in the fact that developed nations like 
U.S.A and Switzerland have significant access to ICT while under-developed nations in 
Africa like Mali, Ethiopia and Congo do not enjoy considerable access. For example in the 
U.S.A, 66 out of every 100 people have access to personal computers (PCs) while 71 out of 
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to the store of available information. It is therefore essential that content and services should 
be affordable, reliable and usable.  
 
Service / Access Provision: The organisations that provide network services and access to 
users must be easily accessible and affordable too. These include the Internet service 
providers, telephone companies, community nets (networks), libraries, schools, community 
organisations, workplaces and other publicly accessible facilities. Even, individual 
subscribers must be well served. 
 
Literacy / Social facilitation: ICTs are complex technologies requiring a range of skills to 
manipulate and use effectively. Acquiring these skills is largely a social process involving a 
combination of formal and informal methods within the context of supportive learning 
environments. The means of acquiring networking skills need to be affordable, readily 
available, suitable to learners varied life situations and sensitive to language, cultural and 
gender differences. 
 
Government / Policy: The central challenge of governance is to foster a democratic process 
that allows all the stakeholders to have access to basic information and participate in public 
policy making with ICTs playing a vital role in information processing and dissemination. 
 
It must be noted that various communication services, including the information highway, 
are becoming very vital on a daily basis if citizens are to have access to social, economic, 
educational, and government information. Also, many institutions and agencies in the 
private and public sectors have put policies in place to avoid continuous publication of 
hard-copy materials and replace them with online access. The aim is to move or motivate 
people to rely on electronic information and having prompt access to this information when 
required. However, with this move to digital media, many rural, socially marginalised, and 
economically disadvantaged citizens and universities are being denied the opportunity to 
benefit from and contribute to the developing information society (Clement & Shade, 1996; 
David, 1997; Gurstein, 2000).  
As noted by David (1997) and Gurstein (2000), many people, individuals, institutions, and 
organisations are unable to afford the necessary devices such as hardware and software for 
them to get online in the first place. Apart from not having these devices, another major 
problem is not having received the required training to use the devices. Interestingly, the 
converging nature of these new technologies, and the high costs of acquiring the necessary 
hardware and software threaten to continuously widen the gap even further between the 
information "haves" and "have nots". This is what the “access rainbow model” aims to 
explain. Addressing the various issues hindering access and ensuring affordability of the 
necessary devices will no doubt help to bridge the digital divide that exists today in the 
society at large.  

 
3. Defining Information and Communications Technology (ICT) 
 

Over the years, various scholars and researchers have given acceptable and similar 
definitions of information and communications technologies (ICTs). However, for the 
purpose of this Chapter, the definition of Kouakou (2003), Nwuke (2003) and Osunkunle 

(2008) will be used. They all noted that ICT encompasses various technologies that enhance 
the creation, storage, processing, communication and dissemination of information. They 
also stated that ICTs refer to the different infrastructures used in the above processes, their 
applications and the numerous services these infrastructures render. Research has also 
shown that the following technologies form the elements of ICTs: 
(1) Media of communication (e.g. Radio and Television) 
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(3) Telecommunications technologies and equipments (Satellites, fibre optic cables, phones, 
facsimile machines). Telecommunications infrastructures in particular have become the 
driving forces of ICTs as they have the capability to link all various ICT elements together 
(Macro Environment & Telecommunications, 2003). 
Also, in a joint project aimed at investigating the role of ICTs in education in South Africa, 
the country’s Departments of Communication and Education note that ICTs include various 
forms of electronic communication in both analogue and digital form with digital electronic 
devices including computers, compact disks (Cds) among others and analogue devices 
consisting of conventional radio broadcast technology such as tape recorders etc. In 
addition, Richard Heeks (1999: 3) defines ICTs as “electronic means of capturing, 
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The advent of information and communication technologies (ICTs) has indeed led to 
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developed countries have become knowledge societies because of this technological 
revolution and most developing countries are also putting strategies in place to bridge the 
digital divide by encouraging the use of ICTs (Stevenson, 1988; Osunkunle, 2008). It must 
however be pointed out that digital divide exits in these developing and most especially 
under-developed countries as most people still do not have access to ICTs. This is probably 
due to the fact that ICT facilities are not available in the area where they reside or because 
they cannot afford the use of such ICTs. The International Telecommunication Union (ITU) 
also attests to the fact that the availability, use and deployment of ICTs vary from country to 
country and also from rural to urban areas (ITU, 2003).  
According to Lesame (2005: 3), the term “digital divide” refers to ‘the gap between the 
access of individuals, households, organisations, countries and regions at different socio-
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Oyeyinka & Rao (2003) defined “digital divide” as the gap that exists between those who 
have access to and can also effectively use new information and communication tools, such 
as the internet, and those who cannot and do not have access. This shows that digital divide 
not only refers to the gap that exists between the impoverished, poor, rural “have-nots” and 
the affluent, rich, urban “haves”, but it also points to the divide that exits between the 
underdeveloped and developed nations of the world (Osunkunle, 2008).  
Globally, digital divide exists and this is evident in the fact that developed nations like 
U.S.A and Switzerland have significant access to ICT while under-developed nations in 
Africa like Mali, Ethiopia and Congo do not enjoy considerable access. For example in the 
U.S.A, 66 out of every 100 people have access to personal computers (PCs) while 71 out of 
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to the store of available information. It is therefore essential that content and services should 
be affordable, reliable and usable.  
 
Service / Access Provision: The organisations that provide network services and access to 
users must be easily accessible and affordable too. These include the Internet service 
providers, telephone companies, community nets (networks), libraries, schools, community 
organisations, workplaces and other publicly accessible facilities. Even, individual 
subscribers must be well served. 
 
Literacy / Social facilitation: ICTs are complex technologies requiring a range of skills to 
manipulate and use effectively. Acquiring these skills is largely a social process involving a 
combination of formal and informal methods within the context of supportive learning 
environments. The means of acquiring networking skills need to be affordable, readily 
available, suitable to learners varied life situations and sensitive to language, cultural and 
gender differences. 
 
Government / Policy: The central challenge of governance is to foster a democratic process 
that allows all the stakeholders to have access to basic information and participate in public 
policy making with ICTs playing a vital role in information processing and dissemination. 
 
It must be noted that various communication services, including the information highway, 
are becoming very vital on a daily basis if citizens are to have access to social, economic, 
educational, and government information. Also, many institutions and agencies in the 
private and public sectors have put policies in place to avoid continuous publication of 
hard-copy materials and replace them with online access. The aim is to move or motivate 
people to rely on electronic information and having prompt access to this information when 
required. However, with this move to digital media, many rural, socially marginalised, and 
economically disadvantaged citizens and universities are being denied the opportunity to 
benefit from and contribute to the developing information society (Clement & Shade, 1996; 
David, 1997; Gurstein, 2000).  
As noted by David (1997) and Gurstein (2000), many people, individuals, institutions, and 
organisations are unable to afford the necessary devices such as hardware and software for 
them to get online in the first place. Apart from not having these devices, another major 
problem is not having received the required training to use the devices. Interestingly, the 
converging nature of these new technologies, and the high costs of acquiring the necessary 
hardware and software threaten to continuously widen the gap even further between the 
information "haves" and "have nots". This is what the “access rainbow model” aims to 
explain. Addressing the various issues hindering access and ensuring affordability of the 
necessary devices will no doubt help to bridge the digital divide that exists today in the 
society at large.  
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driving forces of ICTs as they have the capability to link all various ICT elements together 
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under-developed countries as most people still do not have access to ICTs. This is probably 
due to the fact that ICT facilities are not available in the area where they reside or because 
they cannot afford the use of such ICTs. The International Telecommunication Union (ITU) 
also attests to the fact that the availability, use and deployment of ICTs vary from country to 
country and also from rural to urban areas (ITU, 2003).  
According to Lesame (2005: 3), the term “digital divide” refers to ‘the gap between the 
access of individuals, households, organisations, countries and regions at different socio-
economic levels of ICTs and Internet usage’. Also, media scholars like Beebe, Kouakou, 
Oyeyinka & Rao (2003) defined “digital divide” as the gap that exists between those who 
have access to and can also effectively use new information and communication tools, such 
as the internet, and those who cannot and do not have access. This shows that digital divide 
not only refers to the gap that exists between the impoverished, poor, rural “have-nots” and 
the affluent, rich, urban “haves”, but it also points to the divide that exits between the 
underdeveloped and developed nations of the world (Osunkunle, 2008).  
Globally, digital divide exists and this is evident in the fact that developed nations like 
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to the store of available information. It is therefore essential that content and services should 
be affordable, reliable and usable.  
 
Service / Access Provision: The organisations that provide network services and access to 
users must be easily accessible and affordable too. These include the Internet service 
providers, telephone companies, community nets (networks), libraries, schools, community 
organisations, workplaces and other publicly accessible facilities. Even, individual 
subscribers must be well served. 
 
Literacy / Social facilitation: ICTs are complex technologies requiring a range of skills to 
manipulate and use effectively. Acquiring these skills is largely a social process involving a 
combination of formal and informal methods within the context of supportive learning 
environments. The means of acquiring networking skills need to be affordable, readily 
available, suitable to learners varied life situations and sensitive to language, cultural and 
gender differences. 
 
Government / Policy: The central challenge of governance is to foster a democratic process 
that allows all the stakeholders to have access to basic information and participate in public 
policy making with ICTs playing a vital role in information processing and dissemination. 
 
It must be noted that various communication services, including the information highway, 
are becoming very vital on a daily basis if citizens are to have access to social, economic, 
educational, and government information. Also, many institutions and agencies in the 
private and public sectors have put policies in place to avoid continuous publication of 
hard-copy materials and replace them with online access. The aim is to move or motivate 
people to rely on electronic information and having prompt access to this information when 
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problem is not having received the required training to use the devices. Interestingly, the 
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explain. Addressing the various issues hindering access and ensuring affordability of the 
necessary devices will no doubt help to bridge the digital divide that exists today in the 
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3. Defining Information and Communications Technology (ICT) 
 

Over the years, various scholars and researchers have given acceptable and similar 
definitions of information and communications technologies (ICTs). However, for the 
purpose of this Chapter, the definition of Kouakou (2003), Nwuke (2003) and Osunkunle 

(2008) will be used. They all noted that ICT encompasses various technologies that enhance 
the creation, storage, processing, communication and dissemination of information. They 
also stated that ICTs refer to the different infrastructures used in the above processes, their 
applications and the numerous services these infrastructures render. Research has also 
shown that the following technologies form the elements of ICTs: 
(1) Media of communication (e.g. Radio and Television) 
(2) Information machine (e.g. Computers) 
(3) Telecommunications technologies and equipments (Satellites, fibre optic cables, phones, 
facsimile machines). Telecommunications infrastructures in particular have become the 
driving forces of ICTs as they have the capability to link all various ICT elements together 
(Macro Environment & Telecommunications, 2003). 
Also, in a joint project aimed at investigating the role of ICTs in education in South Africa, 
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devices including computers, compact disks (Cds) among others and analogue devices 
consisting of conventional radio broadcast technology such as tape recorders etc. In 
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4. Global overview of the digital divide 
 

The advent of information and communication technologies (ICTs) has indeed led to 
technological revolution across the globe and it continues to change the global social and 
economic milieus of countries making use of these technologies. It is interesting to note that 
developed countries have become knowledge societies because of this technological 
revolution and most developing countries are also putting strategies in place to bridge the 
digital divide by encouraging the use of ICTs (Stevenson, 1988; Osunkunle, 2008). It must 
however be pointed out that digital divide exits in these developing and most especially 
under-developed countries as most people still do not have access to ICTs. This is probably 
due to the fact that ICT facilities are not available in the area where they reside or because 
they cannot afford the use of such ICTs. The International Telecommunication Union (ITU) 
also attests to the fact that the availability, use and deployment of ICTs vary from country to 
country and also from rural to urban areas (ITU, 2003).  
According to Lesame (2005: 3), the term “digital divide” refers to ‘the gap between the 
access of individuals, households, organisations, countries and regions at different socio-
economic levels of ICTs and Internet usage’. Also, media scholars like Beebe, Kouakou, 
Oyeyinka & Rao (2003) defined “digital divide” as the gap that exists between those who 
have access to and can also effectively use new information and communication tools, such 
as the internet, and those who cannot and do not have access. This shows that digital divide 
not only refers to the gap that exists between the impoverished, poor, rural “have-nots” and 
the affluent, rich, urban “haves”, but it also points to the divide that exits between the 
underdeveloped and developed nations of the world (Osunkunle, 2008).  
Globally, digital divide exists and this is evident in the fact that developed nations like 
U.S.A and Switzerland have significant access to ICT while under-developed nations in 
Africa like Mali, Ethiopia and Congo do not enjoy considerable access. For example in the 
U.S.A, 66 out of every 100 people have access to personal computers (PCs) while 71 out of 
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every 100 people have access to PCs in Switzerland. However, the rate of access to PCs in 
some African countries like Nigeria, Ethiopia, Congo is less than 1 out of every 100 people 
(Bridging the Digital Divide in Africa, 2003; World Telecommunications ICT Indicators, 
2004). 

 
5. Bridging the Divide in South Africa 
 

The history of South Africa has been greatly affected by intense political conflict and socio-
political divisions of the past, which have in turn affected the various sectors of the 
country’s economy till today. However, like most developing and underdeveloped 
countries of the world, the South African government has also put mechanisms in place to 
address the issue of digital divide. The government, through the 1996 Telecommunication 
Act stressed the need to promote the universal and affordable provision of 
telecommunication services. This act set up the Universal Service Agency (USA) to promote 
access to telephony and other information and communication technologies (ICTs) 
throughout the country, particularly in the townships and rural areas (Literature Review for 
the Telecentres Study, 2000). Other initiatives include the Department of Communication’s 
decision to give the Universal Service Agency the mandate to set up Telecentres that are to 
provide access to these information facilities. The telecentres are to provide telephone 
services to users, and also be equipped with computers, access to the internet, printers, 
copier, fax, scanner, television and video recorders with the aim of exposing people to 
exciting potential use of the various forms of information and communication technologies 
(The Universal Service Agency’s Telecentre Programme, 2003; Current Research on Bridging 
the digital divide, 1999; Bussing past the digital divide, 2003). 
In her extensive research into the impact of ICTs, Wright (2003) states that the telecentres are 
not the only innovative project aimed at addressing the issues of digital divide in South 
Africa but there are other innovative steps being taken by researchers and organisations 
towards bridging the divide. For example, Professor Peer Wentworth of Rhodes University 
worked on a project similar to India’s “Hole in the wall project” in which a computer is 
installed, literally, into a hole in a wall near a derelict playground where street kids play. 
The aim is to install computers in secure locations in townships, such as shops, post offices, 
and community centers, to allow passers-by to access them through buildings’ windows. 
Such access will be available for 24 hours a day since there is no physical or direct access to 
the computer itself. In essence, this project was to provide citizens with simple, cheap and 
secure access to computing facilities in underprivileged areas, thereby bridging the digital 
divide.   
In addition, Martindale (2002) noted that organisations and information technology (IT) 
industry players have also been involved in the drive to bridge the gap. For example, 
Microsoft South Africa has a number of projects aimed at providing real access and training 
to previously disadvantaged and rural communities in South Africa. These initiatives have 
over the years exposed many South Africans to the use of various forms of ICTs (Bridging 
the digital divide in South Africa, 2002). Other IT companies and companies like Dimension 
Data, Vodacom, MTN, just to mention a few have also been at the forefront of bridging the 
digital divide as they donate computers etc to schools, universities and organisations.  

 

6. The Power of the Internet  
 

Research has shown that the Internet is very central to the convergence of the various 
technologies such as broadcasting, audio and video, text and Internet telephony. The 
Internet has provided users with opportunities to conduct research online as researchers 
across the world are able to access huge database of information from around the globe. The 
Internet also offers opportunities for e-shopping and e-marketing as people shop and order 
for goods online, while they are also able to sell their products online. Governments and 
political parties are also able to use the Internet to reach out to citizens and party supporters 
especially for electioneering campaigns. This is made possible as there are a variety of 
political uses and applications of ICTs, ranging from creating political party websites to 
counting votes during national elections and these activities contribute to electronic 
government (e-governance) and electronic democracy (e-democracy). This therefore makes 
it very crucial that people should have access to the Internet and other forms of ICTs 
(Oyedemi, 2003; Lesame, 2005; Osunkunle, 2008). 

 
7. Mobile phones in South Africa: A crucial component of ICTs 
 

It is important to note that mobile phones have also been very helpful in bridging the rural-
urban digital divide in most African countries. Interestingly, this form of technology is 
performing development functions beyond the expectations of cellular phone users across 
the continent. Lesame (2005: 9) notes that in most countries of the world, mobile phones 
usually outnumber fixed line connections and give much needed access to communication 
services and also improve a country’s economy. Statistics has shown that 1.32 billion global 
mobile users and in Africa, 95.61 per cent of African users use global system for mobile 
(GSM). Interestingly, one of the biggest African networks is Vodacom, which is a South 
African cellular network and obviously makes South Africa to boast of the highest number 
of mobile phone users in Africa. It must be noted these cell phones are quite cheap and in 
various forms, which has made it possible for most people, including primary school pupils 
to have one. This has therefore made it possible for people to communicate in both rural and 
urban areas of South Africa and even across the world. Fortunately, one does not need to be 
educated to use a mobile phone as individuals, households and organizations are able to 
communicate (Osunkunle, 2008).  

 
8. Telecentres in South Africa 
 

The advent of telecentres has provided access to ICT facilities to people in the rural areas 
that wouldn’t have thought of having access. Research has shown that in countries around 
the world like Tanzania, Philippines, Uganda, Australia, Mexico and South Africa where 
Telecentres have been introduced, community members have had access to or opportunities 
to use the various ICT facilities like facsimiles, telephones, photocopy facilities, printers and 
Internet. It is interesting to note that in developed nations of the world, these Telecentres are 
well managed and funded by government departments and agencies, which has in turn 
made these projects to be profitable, viable and sustainable. In some other cases, 
international donor agencies like the United Nations Development Programme (UNDP) 
amongst others have successfully established and funded telecentre development in many 
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(Bridging the Digital Divide in Africa, 2003; World Telecommunications ICT Indicators, 
2004). 
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The history of South Africa has been greatly affected by intense political conflict and socio-
political divisions of the past, which have in turn affected the various sectors of the 
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countries of the world, the South African government has also put mechanisms in place to 
address the issue of digital divide. The government, through the 1996 Telecommunication 
Act stressed the need to promote the universal and affordable provision of 
telecommunication services. This act set up the Universal Service Agency (USA) to promote 
access to telephony and other information and communication technologies (ICTs) 
throughout the country, particularly in the townships and rural areas (Literature Review for 
the Telecentres Study, 2000). Other initiatives include the Department of Communication’s 
decision to give the Universal Service Agency the mandate to set up Telecentres that are to 
provide access to these information facilities. The telecentres are to provide telephone 
services to users, and also be equipped with computers, access to the internet, printers, 
copier, fax, scanner, television and video recorders with the aim of exposing people to 
exciting potential use of the various forms of information and communication technologies 
(The Universal Service Agency’s Telecentre Programme, 2003; Current Research on Bridging 
the digital divide, 1999; Bussing past the digital divide, 2003). 
In her extensive research into the impact of ICTs, Wright (2003) states that the telecentres are 
not the only innovative project aimed at addressing the issues of digital divide in South 
Africa but there are other innovative steps being taken by researchers and organisations 
towards bridging the divide. For example, Professor Peer Wentworth of Rhodes University 
worked on a project similar to India’s “Hole in the wall project” in which a computer is 
installed, literally, into a hole in a wall near a derelict playground where street kids play. 
The aim is to install computers in secure locations in townships, such as shops, post offices, 
and community centers, to allow passers-by to access them through buildings’ windows. 
Such access will be available for 24 hours a day since there is no physical or direct access to 
the computer itself. In essence, this project was to provide citizens with simple, cheap and 
secure access to computing facilities in underprivileged areas, thereby bridging the digital 
divide.   
In addition, Martindale (2002) noted that organisations and information technology (IT) 
industry players have also been involved in the drive to bridge the gap. For example, 
Microsoft South Africa has a number of projects aimed at providing real access and training 
to previously disadvantaged and rural communities in South Africa. These initiatives have 
over the years exposed many South Africans to the use of various forms of ICTs (Bridging 
the digital divide in South Africa, 2002). Other IT companies and companies like Dimension 
Data, Vodacom, MTN, just to mention a few have also been at the forefront of bridging the 
digital divide as they donate computers etc to schools, universities and organisations.  

 

6. The Power of the Internet  
 

Research has shown that the Internet is very central to the convergence of the various 
technologies such as broadcasting, audio and video, text and Internet telephony. The 
Internet has provided users with opportunities to conduct research online as researchers 
across the world are able to access huge database of information from around the globe. The 
Internet also offers opportunities for e-shopping and e-marketing as people shop and order 
for goods online, while they are also able to sell their products online. Governments and 
political parties are also able to use the Internet to reach out to citizens and party supporters 
especially for electioneering campaigns. This is made possible as there are a variety of 
political uses and applications of ICTs, ranging from creating political party websites to 
counting votes during national elections and these activities contribute to electronic 
government (e-governance) and electronic democracy (e-democracy). This therefore makes 
it very crucial that people should have access to the Internet and other forms of ICTs 
(Oyedemi, 2003; Lesame, 2005; Osunkunle, 2008). 

 
7. Mobile phones in South Africa: A crucial component of ICTs 
 

It is important to note that mobile phones have also been very helpful in bridging the rural-
urban digital divide in most African countries. Interestingly, this form of technology is 
performing development functions beyond the expectations of cellular phone users across 
the continent. Lesame (2005: 9) notes that in most countries of the world, mobile phones 
usually outnumber fixed line connections and give much needed access to communication 
services and also improve a country’s economy. Statistics has shown that 1.32 billion global 
mobile users and in Africa, 95.61 per cent of African users use global system for mobile 
(GSM). Interestingly, one of the biggest African networks is Vodacom, which is a South 
African cellular network and obviously makes South Africa to boast of the highest number 
of mobile phone users in Africa. It must be noted these cell phones are quite cheap and in 
various forms, which has made it possible for most people, including primary school pupils 
to have one. This has therefore made it possible for people to communicate in both rural and 
urban areas of South Africa and even across the world. Fortunately, one does not need to be 
educated to use a mobile phone as individuals, households and organizations are able to 
communicate (Osunkunle, 2008).  

 
8. Telecentres in South Africa 
 

The advent of telecentres has provided access to ICT facilities to people in the rural areas 
that wouldn’t have thought of having access. Research has shown that in countries around 
the world like Tanzania, Philippines, Uganda, Australia, Mexico and South Africa where 
Telecentres have been introduced, community members have had access to or opportunities 
to use the various ICT facilities like facsimiles, telephones, photocopy facilities, printers and 
Internet. It is interesting to note that in developed nations of the world, these Telecentres are 
well managed and funded by government departments and agencies, which has in turn 
made these projects to be profitable, viable and sustainable. In some other cases, 
international donor agencies like the United Nations Development Programme (UNDP) 
amongst others have successfully established and funded telecentre development in many 
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every 100 people have access to PCs in Switzerland. However, the rate of access to PCs in 
some African countries like Nigeria, Ethiopia, Congo is less than 1 out of every 100 people 
(Bridging the Digital Divide in Africa, 2003; World Telecommunications ICT Indicators, 
2004). 

 
5. Bridging the Divide in South Africa 
 

The history of South Africa has been greatly affected by intense political conflict and socio-
political divisions of the past, which have in turn affected the various sectors of the 
country’s economy till today. However, like most developing and underdeveloped 
countries of the world, the South African government has also put mechanisms in place to 
address the issue of digital divide. The government, through the 1996 Telecommunication 
Act stressed the need to promote the universal and affordable provision of 
telecommunication services. This act set up the Universal Service Agency (USA) to promote 
access to telephony and other information and communication technologies (ICTs) 
throughout the country, particularly in the townships and rural areas (Literature Review for 
the Telecentres Study, 2000). Other initiatives include the Department of Communication’s 
decision to give the Universal Service Agency the mandate to set up Telecentres that are to 
provide access to these information facilities. The telecentres are to provide telephone 
services to users, and also be equipped with computers, access to the internet, printers, 
copier, fax, scanner, television and video recorders with the aim of exposing people to 
exciting potential use of the various forms of information and communication technologies 
(The Universal Service Agency’s Telecentre Programme, 2003; Current Research on Bridging 
the digital divide, 1999; Bussing past the digital divide, 2003). 
In her extensive research into the impact of ICTs, Wright (2003) states that the telecentres are 
not the only innovative project aimed at addressing the issues of digital divide in South 
Africa but there are other innovative steps being taken by researchers and organisations 
towards bridging the divide. For example, Professor Peer Wentworth of Rhodes University 
worked on a project similar to India’s “Hole in the wall project” in which a computer is 
installed, literally, into a hole in a wall near a derelict playground where street kids play. 
The aim is to install computers in secure locations in townships, such as shops, post offices, 
and community centers, to allow passers-by to access them through buildings’ windows. 
Such access will be available for 24 hours a day since there is no physical or direct access to 
the computer itself. In essence, this project was to provide citizens with simple, cheap and 
secure access to computing facilities in underprivileged areas, thereby bridging the digital 
divide.   
In addition, Martindale (2002) noted that organisations and information technology (IT) 
industry players have also been involved in the drive to bridge the gap. For example, 
Microsoft South Africa has a number of projects aimed at providing real access and training 
to previously disadvantaged and rural communities in South Africa. These initiatives have 
over the years exposed many South Africans to the use of various forms of ICTs (Bridging 
the digital divide in South Africa, 2002). Other IT companies and companies like Dimension 
Data, Vodacom, MTN, just to mention a few have also been at the forefront of bridging the 
digital divide as they donate computers etc to schools, universities and organisations.  

 

6. The Power of the Internet  
 

Research has shown that the Internet is very central to the convergence of the various 
technologies such as broadcasting, audio and video, text and Internet telephony. The 
Internet has provided users with opportunities to conduct research online as researchers 
across the world are able to access huge database of information from around the globe. The 
Internet also offers opportunities for e-shopping and e-marketing as people shop and order 
for goods online, while they are also able to sell their products online. Governments and 
political parties are also able to use the Internet to reach out to citizens and party supporters 
especially for electioneering campaigns. This is made possible as there are a variety of 
political uses and applications of ICTs, ranging from creating political party websites to 
counting votes during national elections and these activities contribute to electronic 
government (e-governance) and electronic democracy (e-democracy). This therefore makes 
it very crucial that people should have access to the Internet and other forms of ICTs 
(Oyedemi, 2003; Lesame, 2005; Osunkunle, 2008). 

 
7. Mobile phones in South Africa: A crucial component of ICTs 
 

It is important to note that mobile phones have also been very helpful in bridging the rural-
urban digital divide in most African countries. Interestingly, this form of technology is 
performing development functions beyond the expectations of cellular phone users across 
the continent. Lesame (2005: 9) notes that in most countries of the world, mobile phones 
usually outnumber fixed line connections and give much needed access to communication 
services and also improve a country’s economy. Statistics has shown that 1.32 billion global 
mobile users and in Africa, 95.61 per cent of African users use global system for mobile 
(GSM). Interestingly, one of the biggest African networks is Vodacom, which is a South 
African cellular network and obviously makes South Africa to boast of the highest number 
of mobile phone users in Africa. It must be noted these cell phones are quite cheap and in 
various forms, which has made it possible for most people, including primary school pupils 
to have one. This has therefore made it possible for people to communicate in both rural and 
urban areas of South Africa and even across the world. Fortunately, one does not need to be 
educated to use a mobile phone as individuals, households and organizations are able to 
communicate (Osunkunle, 2008).  

 
8. Telecentres in South Africa 
 

The advent of telecentres has provided access to ICT facilities to people in the rural areas 
that wouldn’t have thought of having access. Research has shown that in countries around 
the world like Tanzania, Philippines, Uganda, Australia, Mexico and South Africa where 
Telecentres have been introduced, community members have had access to or opportunities 
to use the various ICT facilities like facsimiles, telephones, photocopy facilities, printers and 
Internet. It is interesting to note that in developed nations of the world, these Telecentres are 
well managed and funded by government departments and agencies, which has in turn 
made these projects to be profitable, viable and sustainable. In some other cases, 
international donor agencies like the United Nations Development Programme (UNDP) 
amongst others have successfully established and funded telecentre development in many 
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Act stressed the need to promote the universal and affordable provision of 
telecommunication services. This act set up the Universal Service Agency (USA) to promote 
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throughout the country, particularly in the townships and rural areas (Literature Review for 
the Telecentres Study, 2000). Other initiatives include the Department of Communication’s 
decision to give the Universal Service Agency the mandate to set up Telecentres that are to 
provide access to these information facilities. The telecentres are to provide telephone 
services to users, and also be equipped with computers, access to the internet, printers, 
copier, fax, scanner, television and video recorders with the aim of exposing people to 
exciting potential use of the various forms of information and communication technologies 
(The Universal Service Agency’s Telecentre Programme, 2003; Current Research on Bridging 
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In her extensive research into the impact of ICTs, Wright (2003) states that the telecentres are 
not the only innovative project aimed at addressing the issues of digital divide in South 
Africa but there are other innovative steps being taken by researchers and organisations 
towards bridging the divide. For example, Professor Peer Wentworth of Rhodes University 
worked on a project similar to India’s “Hole in the wall project” in which a computer is 
installed, literally, into a hole in a wall near a derelict playground where street kids play. 
The aim is to install computers in secure locations in townships, such as shops, post offices, 
and community centers, to allow passers-by to access them through buildings’ windows. 
Such access will be available for 24 hours a day since there is no physical or direct access to 
the computer itself. In essence, this project was to provide citizens with simple, cheap and 
secure access to computing facilities in underprivileged areas, thereby bridging the digital 
divide.   
In addition, Martindale (2002) noted that organisations and information technology (IT) 
industry players have also been involved in the drive to bridge the gap. For example, 
Microsoft South Africa has a number of projects aimed at providing real access and training 
to previously disadvantaged and rural communities in South Africa. These initiatives have 
over the years exposed many South Africans to the use of various forms of ICTs (Bridging 
the digital divide in South Africa, 2002). Other IT companies and companies like Dimension 
Data, Vodacom, MTN, just to mention a few have also been at the forefront of bridging the 
digital divide as they donate computers etc to schools, universities and organisations.  
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Research has shown that the Internet is very central to the convergence of the various 
technologies such as broadcasting, audio and video, text and Internet telephony. The 
Internet has provided users with opportunities to conduct research online as researchers 
across the world are able to access huge database of information from around the globe. The 
Internet also offers opportunities for e-shopping and e-marketing as people shop and order 
for goods online, while they are also able to sell their products online. Governments and 
political parties are also able to use the Internet to reach out to citizens and party supporters 
especially for electioneering campaigns. This is made possible as there are a variety of 
political uses and applications of ICTs, ranging from creating political party websites to 
counting votes during national elections and these activities contribute to electronic 
government (e-governance) and electronic democracy (e-democracy). This therefore makes 
it very crucial that people should have access to the Internet and other forms of ICTs 
(Oyedemi, 2003; Lesame, 2005; Osunkunle, 2008). 

 
7. Mobile phones in South Africa: A crucial component of ICTs 
 

It is important to note that mobile phones have also been very helpful in bridging the rural-
urban digital divide in most African countries. Interestingly, this form of technology is 
performing development functions beyond the expectations of cellular phone users across 
the continent. Lesame (2005: 9) notes that in most countries of the world, mobile phones 
usually outnumber fixed line connections and give much needed access to communication 
services and also improve a country’s economy. Statistics has shown that 1.32 billion global 
mobile users and in Africa, 95.61 per cent of African users use global system for mobile 
(GSM). Interestingly, one of the biggest African networks is Vodacom, which is a South 
African cellular network and obviously makes South Africa to boast of the highest number 
of mobile phone users in Africa. It must be noted these cell phones are quite cheap and in 
various forms, which has made it possible for most people, including primary school pupils 
to have one. This has therefore made it possible for people to communicate in both rural and 
urban areas of South Africa and even across the world. Fortunately, one does not need to be 
educated to use a mobile phone as individuals, households and organizations are able to 
communicate (Osunkunle, 2008).  

 
8. Telecentres in South Africa 
 

The advent of telecentres has provided access to ICT facilities to people in the rural areas 
that wouldn’t have thought of having access. Research has shown that in countries around 
the world like Tanzania, Philippines, Uganda, Australia, Mexico and South Africa where 
Telecentres have been introduced, community members have had access to or opportunities 
to use the various ICT facilities like facsimiles, telephones, photocopy facilities, printers and 
Internet. It is interesting to note that in developed nations of the world, these Telecentres are 
well managed and funded by government departments and agencies, which has in turn 
made these projects to be profitable, viable and sustainable. In some other cases, 
international donor agencies like the United Nations Development Programme (UNDP) 
amongst others have successfully established and funded telecentre development in many 
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developing countries. It is interesting to note that South Africa has also identified telecentres 
as one of the tools for addressing the problem of access to ICTs in the rural areas (Lesame, 
2005: 24). In most cases, these Telecentres in South Africa like in most countries provide 
users with cheaper access to ICT facilities and are usually housed in containers or low-cost 
buildings. Sadly, most of them do not provide Internet facilities, and this is still a setback to 
the project when one looks at the fact the power of the Internet nowadays (Mmusi, 2005).  

 
9. Digital villages in South Africa 
 

The establishment of digital villages (DVs) is another way that ICTs have contributed to 
development in South Africa. DVs are ICT resource centres that are managed by members of 
the community who have been well trained to manage the project.  The DVs are different 
from Telecentres in that they are sponsored and provided with all the needed ICT facilities 
by the private sector. Another distinguishing feature of DVs is that they have better ICT 
resources, stable electricity and also offer basic ICT skills training. Wessie (2001) and Lesame 
(2005) note that the South African private sector is also contributing to bridging the digital 
divide by empowering citizens and also making a big difference to people’s lives as citizens 
are given access to different forms of technology through projects like DV. Over the years, 
many digital villages (DVs) had been established in different parts of South Africa like The 
Cape Flats, Paarl, Khayelitsha and Mannenberg townships and Rabie Ridge in the Western 
Cape Province.  
As further noted by Lesame (2005), other Provinces also have their share of digital villages 
as highlighted in some examples below: 
North West Province: Hebron College of Education 
Northern Cape Province: Galeshewe township in Kimberley and Kgalagadi rural area 
Free State Province: Manguang in Bloemfontein 
KwaZulu-Natal Province: KwaDukuza in Stanger, Mpuluzi and Springfield in Burban 
Gauteng Province: Chiawelo, Mamelodi, Soweto and Alexandra 
Eastern Cape Province: Tsolo and Engcobo villages in the rural areas of old Transkei 
Mpumalanga: Kwena Moloto in Seshego and Mbombela in Nelspruit  
Since it is not possible for the government shoulder the responsibility of bridging the digital 
divide alone, the private sector and most importantly, IT giants like Microsoft and HP have 
since come on board to support and contribute to the growth and development of South 
Africa by providing ICT resources where necessary (Osunkunle, 2007).  

 
10. Information and communication technology and e-government  
 

Kibuuka (2001: 1) defines e-government as “the use of information and communication 
technology in government and is supposed to bring about an efficient interaction and 
service delivery to the citizens of the country”. E-government is available in most developed 
and developing countries. Interestingly, South Africa has also embraced electronic 
government, having moved from economy government that was organised around 
bureaucracies and agencies to the one that is citizen-centred, with ICT as a key enabler. This 
has in some cases led to a greater level of interactivity as users are able to conduct 
transactions and also obtain services online through interactive government websites.  

Most government Departments and Agencies and both Provincial and Local governments 
have introduced better service delivery model through deployment of ICTs and e-commerce 
with the aim of serving the citizens better. This has in turn enabled government to benefit 
tremendously from the impact of the various forms of ICTs as there is better procurement, 
efficient working relationships, citizen-oriented service delivery and better communication 
with citizens, stakeholders and businesses. This is evident in the fact without technology, 
public services and government working hours would have been confined to physical office 
locations. However, the advent of various forms of technology has now made it possible for 
the government to render services to citizens on a 24-hour basis. E-government also allows 
citizens to participate in decision and policy making. ICTs have therefore become a very 
important tool towards ensuring effective socio-economic development. The e-government 
policy of the South African Department of Public Service and Administration (DPSA) of 
2001also explains the various components of e-government, which includes customers, e-
business and e-commerce (Shilubane & Mokolo, 2005).  

 
11. ICT’s role in education 
 

ICT also play a prominent role in the education sector. In fact, there is general agreement 
from media analysts on the crucial developmental role of ICT. Media scholars, Nulens (2003) 
& Jensen (2003) state that in education, ICTs holds the promise of transforming learning in 
new and powerful ways with the internet playing a very prominent role. Also, Stevenson 
(1988), Braman (1993) and Tettey (2001) noted that ICT is the infrastructure that brings 
people together in different places and time zones, with multimedia tools for data, 
information, communication and knowledge management in order to expand the range of 
human capabilities. Various studies have shown that there is a global trend towards quality 
education for all. The growth of ICTs in education is a global phenomenon. Countries in 
both the developed and developing worlds have expressed visions of participating in and 
shaping the global information society. Education is therefore the primary way for ICTs to 
produce competent learners, suitably qualified and skilled to contribute to economic 
growth. Bonfadelli (2002) & Gordon (2003) also note that the general notion worldwide now 
is that ICTs are a fact, a way of life and societies; countries and individuals need to be 
familiar with and work with ICTs in order to avoid being left out. This means that in 
education, this translates into a call for all learners to be familiar with ICTs. Failure to 
achieve this is understood as leaving learners ill-equipped in a modern world of 
technological advancement. 

 
12. Bridging the digital divide among South African Universities  
 

A lot of studies have been carried out worldwide and in South Africa, in the area of digital 
divide to establish the great disparity that exists between the haves and have-nots. In one of 
her studies, Wright (2003) established that there is a huge disparity in the technical levels of 
the students who flock to the Universities and Technikons in South Africa. She notes that 
many of these students have never seen a computer, let alone use it or connected to the 
internet (South Africa & the Digital Divide, 2002; Bridging the Digital Divide in Africa, 2002; 
Wright, 2003). It is interesting to note that digital divide exists also among South African 
Universities as students in historically white universities (HWUs) like Wits, Rhodes and 
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developing countries. It is interesting to note that South Africa has also identified telecentres 
as one of the tools for addressing the problem of access to ICTs in the rural areas (Lesame, 
2005: 24). In most cases, these Telecentres in South Africa like in most countries provide 
users with cheaper access to ICT facilities and are usually housed in containers or low-cost 
buildings. Sadly, most of them do not provide Internet facilities, and this is still a setback to 
the project when one looks at the fact the power of the Internet nowadays (Mmusi, 2005).  

 
9. Digital villages in South Africa 
 

The establishment of digital villages (DVs) is another way that ICTs have contributed to 
development in South Africa. DVs are ICT resource centres that are managed by members of 
the community who have been well trained to manage the project.  The DVs are different 
from Telecentres in that they are sponsored and provided with all the needed ICT facilities 
by the private sector. Another distinguishing feature of DVs is that they have better ICT 
resources, stable electricity and also offer basic ICT skills training. Wessie (2001) and Lesame 
(2005) note that the South African private sector is also contributing to bridging the digital 
divide by empowering citizens and also making a big difference to people’s lives as citizens 
are given access to different forms of technology through projects like DV. Over the years, 
many digital villages (DVs) had been established in different parts of South Africa like The 
Cape Flats, Paarl, Khayelitsha and Mannenberg townships and Rabie Ridge in the Western 
Cape Province.  
As further noted by Lesame (2005), other Provinces also have their share of digital villages 
as highlighted in some examples below: 
North West Province: Hebron College of Education 
Northern Cape Province: Galeshewe township in Kimberley and Kgalagadi rural area 
Free State Province: Manguang in Bloemfontein 
KwaZulu-Natal Province: KwaDukuza in Stanger, Mpuluzi and Springfield in Burban 
Gauteng Province: Chiawelo, Mamelodi, Soweto and Alexandra 
Eastern Cape Province: Tsolo and Engcobo villages in the rural areas of old Transkei 
Mpumalanga: Kwena Moloto in Seshego and Mbombela in Nelspruit  
Since it is not possible for the government shoulder the responsibility of bridging the digital 
divide alone, the private sector and most importantly, IT giants like Microsoft and HP have 
since come on board to support and contribute to the growth and development of South 
Africa by providing ICT resources where necessary (Osunkunle, 2007).  

 
10. Information and communication technology and e-government  
 

Kibuuka (2001: 1) defines e-government as “the use of information and communication 
technology in government and is supposed to bring about an efficient interaction and 
service delivery to the citizens of the country”. E-government is available in most developed 
and developing countries. Interestingly, South Africa has also embraced electronic 
government, having moved from economy government that was organised around 
bureaucracies and agencies to the one that is citizen-centred, with ICT as a key enabler. This 
has in some cases led to a greater level of interactivity as users are able to conduct 
transactions and also obtain services online through interactive government websites.  

Most government Departments and Agencies and both Provincial and Local governments 
have introduced better service delivery model through deployment of ICTs and e-commerce 
with the aim of serving the citizens better. This has in turn enabled government to benefit 
tremendously from the impact of the various forms of ICTs as there is better procurement, 
efficient working relationships, citizen-oriented service delivery and better communication 
with citizens, stakeholders and businesses. This is evident in the fact without technology, 
public services and government working hours would have been confined to physical office 
locations. However, the advent of various forms of technology has now made it possible for 
the government to render services to citizens on a 24-hour basis. E-government also allows 
citizens to participate in decision and policy making. ICTs have therefore become a very 
important tool towards ensuring effective socio-economic development. The e-government 
policy of the South African Department of Public Service and Administration (DPSA) of 
2001also explains the various components of e-government, which includes customers, e-
business and e-commerce (Shilubane & Mokolo, 2005).  

 
11. ICT’s role in education 
 

ICT also play a prominent role in the education sector. In fact, there is general agreement 
from media analysts on the crucial developmental role of ICT. Media scholars, Nulens (2003) 
& Jensen (2003) state that in education, ICTs holds the promise of transforming learning in 
new and powerful ways with the internet playing a very prominent role. Also, Stevenson 
(1988), Braman (1993) and Tettey (2001) noted that ICT is the infrastructure that brings 
people together in different places and time zones, with multimedia tools for data, 
information, communication and knowledge management in order to expand the range of 
human capabilities. Various studies have shown that there is a global trend towards quality 
education for all. The growth of ICTs in education is a global phenomenon. Countries in 
both the developed and developing worlds have expressed visions of participating in and 
shaping the global information society. Education is therefore the primary way for ICTs to 
produce competent learners, suitably qualified and skilled to contribute to economic 
growth. Bonfadelli (2002) & Gordon (2003) also note that the general notion worldwide now 
is that ICTs are a fact, a way of life and societies; countries and individuals need to be 
familiar with and work with ICTs in order to avoid being left out. This means that in 
education, this translates into a call for all learners to be familiar with ICTs. Failure to 
achieve this is understood as leaving learners ill-equipped in a modern world of 
technological advancement. 

 
12. Bridging the digital divide among South African Universities  
 

A lot of studies have been carried out worldwide and in South Africa, in the area of digital 
divide to establish the great disparity that exists between the haves and have-nots. In one of 
her studies, Wright (2003) established that there is a huge disparity in the technical levels of 
the students who flock to the Universities and Technikons in South Africa. She notes that 
many of these students have never seen a computer, let alone use it or connected to the 
internet (South Africa & the Digital Divide, 2002; Bridging the Digital Divide in Africa, 2002; 
Wright, 2003). It is interesting to note that digital divide exists also among South African 
Universities as students in historically white universities (HWUs) like Wits, Rhodes and 
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developing countries. It is interesting to note that South Africa has also identified telecentres 
as one of the tools for addressing the problem of access to ICTs in the rural areas (Lesame, 
2005: 24). In most cases, these Telecentres in South Africa like in most countries provide 
users with cheaper access to ICT facilities and are usually housed in containers or low-cost 
buildings. Sadly, most of them do not provide Internet facilities, and this is still a setback to 
the project when one looks at the fact the power of the Internet nowadays (Mmusi, 2005).  

 
9. Digital villages in South Africa 
 

The establishment of digital villages (DVs) is another way that ICTs have contributed to 
development in South Africa. DVs are ICT resource centres that are managed by members of 
the community who have been well trained to manage the project.  The DVs are different 
from Telecentres in that they are sponsored and provided with all the needed ICT facilities 
by the private sector. Another distinguishing feature of DVs is that they have better ICT 
resources, stable electricity and also offer basic ICT skills training. Wessie (2001) and Lesame 
(2005) note that the South African private sector is also contributing to bridging the digital 
divide by empowering citizens and also making a big difference to people’s lives as citizens 
are given access to different forms of technology through projects like DV. Over the years, 
many digital villages (DVs) had been established in different parts of South Africa like The 
Cape Flats, Paarl, Khayelitsha and Mannenberg townships and Rabie Ridge in the Western 
Cape Province.  
As further noted by Lesame (2005), other Provinces also have their share of digital villages 
as highlighted in some examples below: 
North West Province: Hebron College of Education 
Northern Cape Province: Galeshewe township in Kimberley and Kgalagadi rural area 
Free State Province: Manguang in Bloemfontein 
KwaZulu-Natal Province: KwaDukuza in Stanger, Mpuluzi and Springfield in Burban 
Gauteng Province: Chiawelo, Mamelodi, Soweto and Alexandra 
Eastern Cape Province: Tsolo and Engcobo villages in the rural areas of old Transkei 
Mpumalanga: Kwena Moloto in Seshego and Mbombela in Nelspruit  
Since it is not possible for the government shoulder the responsibility of bridging the digital 
divide alone, the private sector and most importantly, IT giants like Microsoft and HP have 
since come on board to support and contribute to the growth and development of South 
Africa by providing ICT resources where necessary (Osunkunle, 2007).  

 
10. Information and communication technology and e-government  
 

Kibuuka (2001: 1) defines e-government as “the use of information and communication 
technology in government and is supposed to bring about an efficient interaction and 
service delivery to the citizens of the country”. E-government is available in most developed 
and developing countries. Interestingly, South Africa has also embraced electronic 
government, having moved from economy government that was organised around 
bureaucracies and agencies to the one that is citizen-centred, with ICT as a key enabler. This 
has in some cases led to a greater level of interactivity as users are able to conduct 
transactions and also obtain services online through interactive government websites.  

Most government Departments and Agencies and both Provincial and Local governments 
have introduced better service delivery model through deployment of ICTs and e-commerce 
with the aim of serving the citizens better. This has in turn enabled government to benefit 
tremendously from the impact of the various forms of ICTs as there is better procurement, 
efficient working relationships, citizen-oriented service delivery and better communication 
with citizens, stakeholders and businesses. This is evident in the fact without technology, 
public services and government working hours would have been confined to physical office 
locations. However, the advent of various forms of technology has now made it possible for 
the government to render services to citizens on a 24-hour basis. E-government also allows 
citizens to participate in decision and policy making. ICTs have therefore become a very 
important tool towards ensuring effective socio-economic development. The e-government 
policy of the South African Department of Public Service and Administration (DPSA) of 
2001also explains the various components of e-government, which includes customers, e-
business and e-commerce (Shilubane & Mokolo, 2005).  

 
11. ICT’s role in education 
 

ICT also play a prominent role in the education sector. In fact, there is general agreement 
from media analysts on the crucial developmental role of ICT. Media scholars, Nulens (2003) 
& Jensen (2003) state that in education, ICTs holds the promise of transforming learning in 
new and powerful ways with the internet playing a very prominent role. Also, Stevenson 
(1988), Braman (1993) and Tettey (2001) noted that ICT is the infrastructure that brings 
people together in different places and time zones, with multimedia tools for data, 
information, communication and knowledge management in order to expand the range of 
human capabilities. Various studies have shown that there is a global trend towards quality 
education for all. The growth of ICTs in education is a global phenomenon. Countries in 
both the developed and developing worlds have expressed visions of participating in and 
shaping the global information society. Education is therefore the primary way for ICTs to 
produce competent learners, suitably qualified and skilled to contribute to economic 
growth. Bonfadelli (2002) & Gordon (2003) also note that the general notion worldwide now 
is that ICTs are a fact, a way of life and societies; countries and individuals need to be 
familiar with and work with ICTs in order to avoid being left out. This means that in 
education, this translates into a call for all learners to be familiar with ICTs. Failure to 
achieve this is understood as leaving learners ill-equipped in a modern world of 
technological advancement. 

 
12. Bridging the digital divide among South African Universities  
 

A lot of studies have been carried out worldwide and in South Africa, in the area of digital 
divide to establish the great disparity that exists between the haves and have-nots. In one of 
her studies, Wright (2003) established that there is a huge disparity in the technical levels of 
the students who flock to the Universities and Technikons in South Africa. She notes that 
many of these students have never seen a computer, let alone use it or connected to the 
internet (South Africa & the Digital Divide, 2002; Bridging the Digital Divide in Africa, 2002; 
Wright, 2003). It is interesting to note that digital divide exists also among South African 
Universities as students in historically white universities (HWUs) like Wits, Rhodes and 
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developing countries. It is interesting to note that South Africa has also identified telecentres 
as one of the tools for addressing the problem of access to ICTs in the rural areas (Lesame, 
2005: 24). In most cases, these Telecentres in South Africa like in most countries provide 
users with cheaper access to ICT facilities and are usually housed in containers or low-cost 
buildings. Sadly, most of them do not provide Internet facilities, and this is still a setback to 
the project when one looks at the fact the power of the Internet nowadays (Mmusi, 2005).  

 
9. Digital villages in South Africa 
 

The establishment of digital villages (DVs) is another way that ICTs have contributed to 
development in South Africa. DVs are ICT resource centres that are managed by members of 
the community who have been well trained to manage the project.  The DVs are different 
from Telecentres in that they are sponsored and provided with all the needed ICT facilities 
by the private sector. Another distinguishing feature of DVs is that they have better ICT 
resources, stable electricity and also offer basic ICT skills training. Wessie (2001) and Lesame 
(2005) note that the South African private sector is also contributing to bridging the digital 
divide by empowering citizens and also making a big difference to people’s lives as citizens 
are given access to different forms of technology through projects like DV. Over the years, 
many digital villages (DVs) had been established in different parts of South Africa like The 
Cape Flats, Paarl, Khayelitsha and Mannenberg townships and Rabie Ridge in the Western 
Cape Province.  
As further noted by Lesame (2005), other Provinces also have their share of digital villages 
as highlighted in some examples below: 
North West Province: Hebron College of Education 
Northern Cape Province: Galeshewe township in Kimberley and Kgalagadi rural area 
Free State Province: Manguang in Bloemfontein 
KwaZulu-Natal Province: KwaDukuza in Stanger, Mpuluzi and Springfield in Burban 
Gauteng Province: Chiawelo, Mamelodi, Soweto and Alexandra 
Eastern Cape Province: Tsolo and Engcobo villages in the rural areas of old Transkei 
Mpumalanga: Kwena Moloto in Seshego and Mbombela in Nelspruit  
Since it is not possible for the government shoulder the responsibility of bridging the digital 
divide alone, the private sector and most importantly, IT giants like Microsoft and HP have 
since come on board to support and contribute to the growth and development of South 
Africa by providing ICT resources where necessary (Osunkunle, 2007).  

 
10. Information and communication technology and e-government  
 

Kibuuka (2001: 1) defines e-government as “the use of information and communication 
technology in government and is supposed to bring about an efficient interaction and 
service delivery to the citizens of the country”. E-government is available in most developed 
and developing countries. Interestingly, South Africa has also embraced electronic 
government, having moved from economy government that was organised around 
bureaucracies and agencies to the one that is citizen-centred, with ICT as a key enabler. This 
has in some cases led to a greater level of interactivity as users are able to conduct 
transactions and also obtain services online through interactive government websites.  

Most government Departments and Agencies and both Provincial and Local governments 
have introduced better service delivery model through deployment of ICTs and e-commerce 
with the aim of serving the citizens better. This has in turn enabled government to benefit 
tremendously from the impact of the various forms of ICTs as there is better procurement, 
efficient working relationships, citizen-oriented service delivery and better communication 
with citizens, stakeholders and businesses. This is evident in the fact without technology, 
public services and government working hours would have been confined to physical office 
locations. However, the advent of various forms of technology has now made it possible for 
the government to render services to citizens on a 24-hour basis. E-government also allows 
citizens to participate in decision and policy making. ICTs have therefore become a very 
important tool towards ensuring effective socio-economic development. The e-government 
policy of the South African Department of Public Service and Administration (DPSA) of 
2001also explains the various components of e-government, which includes customers, e-
business and e-commerce (Shilubane & Mokolo, 2005).  

 
11. ICT’s role in education 
 

ICT also play a prominent role in the education sector. In fact, there is general agreement 
from media analysts on the crucial developmental role of ICT. Media scholars, Nulens (2003) 
& Jensen (2003) state that in education, ICTs holds the promise of transforming learning in 
new and powerful ways with the internet playing a very prominent role. Also, Stevenson 
(1988), Braman (1993) and Tettey (2001) noted that ICT is the infrastructure that brings 
people together in different places and time zones, with multimedia tools for data, 
information, communication and knowledge management in order to expand the range of 
human capabilities. Various studies have shown that there is a global trend towards quality 
education for all. The growth of ICTs in education is a global phenomenon. Countries in 
both the developed and developing worlds have expressed visions of participating in and 
shaping the global information society. Education is therefore the primary way for ICTs to 
produce competent learners, suitably qualified and skilled to contribute to economic 
growth. Bonfadelli (2002) & Gordon (2003) also note that the general notion worldwide now 
is that ICTs are a fact, a way of life and societies; countries and individuals need to be 
familiar with and work with ICTs in order to avoid being left out. This means that in 
education, this translates into a call for all learners to be familiar with ICTs. Failure to 
achieve this is understood as leaving learners ill-equipped in a modern world of 
technological advancement. 

 
12. Bridging the digital divide among South African Universities  
 

A lot of studies have been carried out worldwide and in South Africa, in the area of digital 
divide to establish the great disparity that exists between the haves and have-nots. In one of 
her studies, Wright (2003) established that there is a huge disparity in the technical levels of 
the students who flock to the Universities and Technikons in South Africa. She notes that 
many of these students have never seen a computer, let alone use it or connected to the 
internet (South Africa & the Digital Divide, 2002; Bridging the Digital Divide in Africa, 2002; 
Wright, 2003). It is interesting to note that digital divide exists also among South African 
Universities as students in historically white universities (HWUs) like Wits, Rhodes and 
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Stellenbosch Universities enjoy unlimited access to ICT facilities like computers and the 
Internet (Jacot, 2004; Chambers 2005 and Kassa, 2004; Dreijer, 2005: Email from Rhodes & 
Stellenbosch). However, reverse is the case in historically black universities (HBUs) where 
access rate is very limited and personal observation bears this out.  
It must also be noted that the HWUs have been able to achieve breakthroughs in the various 
areas of ICT because of their sound policies and commitment to bridging the digital divide. 
These universities have fully embraced e-learning, which is higher institution learning 
through the use of the internet and other computer facilities and soft wares. However, most 
HBUs like the University of Fort Hare (UFH), the University of Limpopo (UNIL), Turfloop 
Campus, and University of Zululand (UZULU) do not have complete access. It is however 
interesting to note these HBUs like the University of Fort Hare (UFH), University of 
Limpopo and University of Zululand as typical examples of HBUs are doing everything 
possible to attain a high ICT capacity and leapfrog towards bridging the digital divide. For 
example, the University of Fort Hare (UFH) took some steps to leapfrog into a new 
knowledge society as highlighted in the University’s Strategic Plan 2000 (UFH’s SP 2000 
Document). In his views, the UFH’s IT Director, Mickey Moodley, noted that the University 
has enjoyed partnership and sponsorships from the DoE, DBSA and Thintana Group 
towards beefing up its ICT capacity. For example, from year 2001 to 2005, a total of 797 new 
computers have been acquired by the University through various fundings received. From 
these, 527 computers in 8 computer laboratories have been set up for student use on campus 
and 270 computers have been set up for staff members use - all having internet access. Other 
HBUs have taken similar steps towards improving their ICT status 
It must be noted that the problem of access in HBUs is partly due to the past legacies of 
apartheid, which strategically funded and favoured the HWUs while the HBUs suffered 
gross neglect and lack of essential learning facilities.  However, with the advent of 
democracy, the South African government through the Ministry of Education issued the 
Education White Paper 3 (Notice 1196 of 1997) with the aim of correcting inequalities of the 
past. The aim was to lay solid foundations for the development of a learning society, which 
can stimulate, direct, and mobilize the creative and intellectual energies of all people 
especially students towards meeting the challenge of reconstruction and development 
(Government White Paper 3: Notice 1196 of 1997). The focus was on the transformation of 
South African Higher Education with emphasis on the effective use of ICTs.  This is inspired 
by the fact that ICT plays a very significant role in every facet of human endeavour like e-
government, e-learning, ICT-improved healthcare (e-health), e-commerce and other areas 
(Technology- Enhanced Learning in South Africa: A Strategic Plan, 2000). 

 
13. Further analysis of ICT usage among HWUs and HBUs in South Africa 
 

For the purpose of this Chapter and to throw more light on ICT usage among South African 
universities, three HBUs namely the University of Fort Hare in the Eastern Cape Province, 
University of Zululand in the KwaZulu Natal Province and University of Limpopo 
(formerly University of the North) in the Limpopo (Northern) Province were picked for 
investigation and comparison. Also, three HWUs namely Rhodes University in the Eastern 
Cape Province, Stellenbosch University in the Western Cape Province and Wits University 
in the Gauteng Province were picked for investigation and comparison. The student: Pc 
ratio in these Universities over a period of two years, are compared below: 

14. Student / Pc Ratio in HWUs and HWUs (2004 – 2005) 
 

HBUs 2004 2005 

University of Fort Hare 21 : 1  10 : 1 

University of Zululand 18 : 1 23 : 1 

University of Limpopo 15 : 1 17 : 1 

 
HWUs 2004 2005 
Rhodes University 2 : 1 5 : 1 

Stellenbosch University 1 : 1 3 : 1 
Wits University No Available Statistics 

(All Students have full ICT 
Access) 

No Available Statistics 
(All Students have full ICT 
Access) 

 
15. Historically Black Universities (HBU’s)  
 

15.1 University of Zululand 
A similar situation exists at the University of Zululand (UZULU). In 2004, UZULU had an 
access ratio of 18 students to a Pc (18:1) with some of the Pcs not connected to the internet 
and without a 24 hour access (Canhan, 2004).  
In 2005, the UZULU’s student enrollment was 9,000 with 400 pcs available for their use. This 
gives an access ratio of approximately 23:1 with day time access to Pcs and the internet 
(Maphanga, 2005). 

 
15.2 University of Limpopo (Turfloop Campus) 
University of Limpopo (UNIL), Turfloop Campus had 11,000 students in 2004 with access to 
750 Pcs, which gives an access ratio of approximately 15:1 (Rahimi, 2004).  
In 2005, the student population increased to 12,500 with the same 750 Pcs available for 
student use. This gives an access ratio of approximately 17:1 and with a 16 hour daily access 
to Pcs and the internet (Rahimi, 2005). 

 
15.3 University of Fort Hare 
The University of Fort Hare (UFH) for example had 7,818 students in 2004 with just 380 
computers (Pcs) for their use. This gives an approximate access ratio of 21 students to a 
computer (21:1). 
However, in 2005, UFH had a reduced number of 4,777 students (compared to 7,818 in 2004) 
with an improved access to 527 Pcs. This gives an approximate access ratio of 10:1. This was 
largely due to a huge drop in number of registered students and an increase in the number 
of available Pcs.  
Only few of these computers were not connected to the internet and students had a 14 hour 
access (8 am - 10pm) from Monday to Friday (Moodley, 2004, 2005). 
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Stellenbosch Universities enjoy unlimited access to ICT facilities like computers and the 
Internet (Jacot, 2004; Chambers 2005 and Kassa, 2004; Dreijer, 2005: Email from Rhodes & 
Stellenbosch). However, reverse is the case in historically black universities (HBUs) where 
access rate is very limited and personal observation bears this out.  
It must also be noted that the HWUs have been able to achieve breakthroughs in the various 
areas of ICT because of their sound policies and commitment to bridging the digital divide. 
These universities have fully embraced e-learning, which is higher institution learning 
through the use of the internet and other computer facilities and soft wares. However, most 
HBUs like the University of Fort Hare (UFH), the University of Limpopo (UNIL), Turfloop 
Campus, and University of Zululand (UZULU) do not have complete access. It is however 
interesting to note these HBUs like the University of Fort Hare (UFH), University of 
Limpopo and University of Zululand as typical examples of HBUs are doing everything 
possible to attain a high ICT capacity and leapfrog towards bridging the digital divide. For 
example, the University of Fort Hare (UFH) took some steps to leapfrog into a new 
knowledge society as highlighted in the University’s Strategic Plan 2000 (UFH’s SP 2000 
Document). In his views, the UFH’s IT Director, Mickey Moodley, noted that the University 
has enjoyed partnership and sponsorships from the DoE, DBSA and Thintana Group 
towards beefing up its ICT capacity. For example, from year 2001 to 2005, a total of 797 new 
computers have been acquired by the University through various fundings received. From 
these, 527 computers in 8 computer laboratories have been set up for student use on campus 
and 270 computers have been set up for staff members use - all having internet access. Other 
HBUs have taken similar steps towards improving their ICT status 
It must be noted that the problem of access in HBUs is partly due to the past legacies of 
apartheid, which strategically funded and favoured the HWUs while the HBUs suffered 
gross neglect and lack of essential learning facilities.  However, with the advent of 
democracy, the South African government through the Ministry of Education issued the 
Education White Paper 3 (Notice 1196 of 1997) with the aim of correcting inequalities of the 
past. The aim was to lay solid foundations for the development of a learning society, which 
can stimulate, direct, and mobilize the creative and intellectual energies of all people 
especially students towards meeting the challenge of reconstruction and development 
(Government White Paper 3: Notice 1196 of 1997). The focus was on the transformation of 
South African Higher Education with emphasis on the effective use of ICTs.  This is inspired 
by the fact that ICT plays a very significant role in every facet of human endeavour like e-
government, e-learning, ICT-improved healthcare (e-health), e-commerce and other areas 
(Technology- Enhanced Learning in South Africa: A Strategic Plan, 2000). 
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For the purpose of this Chapter and to throw more light on ICT usage among South African 
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University of Zululand in the KwaZulu Natal Province and University of Limpopo 
(formerly University of the North) in the Limpopo (Northern) Province were picked for 
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ratio in these Universities over a period of two years, are compared below: 

14. Student / Pc Ratio in HWUs and HWUs (2004 – 2005) 
 

HBUs 2004 2005 

University of Fort Hare 21 : 1  10 : 1 

University of Zululand 18 : 1 23 : 1 

University of Limpopo 15 : 1 17 : 1 

 
HWUs 2004 2005 
Rhodes University 2 : 1 5 : 1 

Stellenbosch University 1 : 1 3 : 1 
Wits University No Available Statistics 

(All Students have full ICT 
Access) 

No Available Statistics 
(All Students have full ICT 
Access) 

 
15. Historically Black Universities (HBU’s)  
 

15.1 University of Zululand 
A similar situation exists at the University of Zululand (UZULU). In 2004, UZULU had an 
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16. Historically White Universities (HWU’s) 
 

16.1 Stellenbosch University 
Kassa (2004) confirmed that students at Stellenbosch University had full access to Pcs and 
internet with a ratio of a Pc to a student (1:1).  
But with an increased number of students rising to 16,000 in 2005 and with 5,319 computers 
available in computer laboratories and various Departments, the access ratio was 
approximately 3:1 (Dreijer, 2005). 

 
16.2 Wits University (University of Witwatersrand) 
Wits University is the foremost historically white university in South Africa and largely 
funded and well developed than any other South African University.  
The University occupies a huge expanse of land mass with various Departments and 
Schools strategically placed on the campus.  
It was therefore very difficult to get a detailed statistics of ICT usage at Wits. Pillay (2005) 
confirmed that it will be very difficult to get an accurate statistics because there is no real 
central body that controls all IT facilities at Wits.  
He however asserts that all students have a 24 hour access to a Pc and the internet. 

 
16.3 Rhodes University 
According to Jacot (2004), students enjoy a 24 hour access to Pcs and the internet with a 
student / Pc access ratio of 2:1. However with an increased number of students in 2005, 
Chambers (2005) confirmed that the access ratio was 5:1. 

 
17. Concluding Remarks 
 

Over the years, various theorists and communication researchers have written about the 
positive effect and contributions of ICTs to development (Stevenson, R, 1988; Van 
Audenhove, 1999; Nxasana, 2001; Kouakou, 2003; Nwuke, 2003; Lesame, 2005; Osunkunle, 
2008) as highlighted in this Chapter. Interestingly, there is still a continuous discourse 
among technology users and development specialists on the role of ICTs as a tool to 
facilitate socio-economic development in the society. As discussed in this Chapter, the 
advent of information and communication technologies has led to new ways of transacting 
business (e-commerce), new ways of teaching and learning (e-learning), new of providing 
health facilities (e-health) among others. However, the availability of technological 
infrastructure cannot just guarantee development and economic benefits unless these 
facilities are used effectively. In South Africa for example, the government and the 
concerned private sector organizations have continuously put strategies in place to bridge 
the digital divide that exists between the “haves” and the “have-nots” with the aim of 
having an informed society that will be able to contribute effectively to national 
development. This is imperative considering the fact that ICTs are invaluable to the 
development of the communities, the citizens and the various sectors of the country’s 
economy as evident in the contribution of the various forms of ICTs such as telecentres and 
digital villages. Conclusively and as noted by Mansell (1999), the inability of 
underdeveloped and developing countries to acquire the capabilities for using ICT 

applications will make them to be increasingly disadvantaged in many ways and also cut off 
from being part of the global information society.  
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He however asserts that all students have a 24 hour access to a Pc and the internet. 

 
16.3 Rhodes University 
According to Jacot (2004), students enjoy a 24 hour access to Pcs and the internet with a 
student / Pc access ratio of 2:1. However with an increased number of students in 2005, 
Chambers (2005) confirmed that the access ratio was 5:1. 

 
17. Concluding Remarks 
 

Over the years, various theorists and communication researchers have written about the 
positive effect and contributions of ICTs to development (Stevenson, R, 1988; Van 
Audenhove, 1999; Nxasana, 2001; Kouakou, 2003; Nwuke, 2003; Lesame, 2005; Osunkunle, 
2008) as highlighted in this Chapter. Interestingly, there is still a continuous discourse 
among technology users and development specialists on the role of ICTs as a tool to 
facilitate socio-economic development in the society. As discussed in this Chapter, the 
advent of information and communication technologies has led to new ways of transacting 
business (e-commerce), new ways of teaching and learning (e-learning), new of providing 
health facilities (e-health) among others. However, the availability of technological 
infrastructure cannot just guarantee development and economic benefits unless these 
facilities are used effectively. In South Africa for example, the government and the 
concerned private sector organizations have continuously put strategies in place to bridge 
the digital divide that exists between the “haves” and the “have-nots” with the aim of 
having an informed society that will be able to contribute effectively to national 
development. This is imperative considering the fact that ICTs are invaluable to the 
development of the communities, the citizens and the various sectors of the country’s 
economy as evident in the contribution of the various forms of ICTs such as telecentres and 
digital villages. Conclusively and as noted by Mansell (1999), the inability of 
underdeveloped and developing countries to acquire the capabilities for using ICT 

applications will make them to be increasingly disadvantaged in many ways and also cut off 
from being part of the global information society.  
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1. Introduction     
 

The Bologna Declaration acknowledges the crucial role of the higher education community 
for the success of the Bologna process. However, there are some obstacles to convergence in 
Spain, such as the need to achieve a change in teaching methodologies. This new approach 
will require the active participation of the academic staff.   
The Engineering Accreditation Commission mentions the criteria which are intended to 
assure quality and to foster the systematic pursuit of improvement in the quality of 
engineering education that satisfies the needs of constituencies in a dynamic and 
competitive environment. In the third criterion which describes what students are expected 
to know and be able to do by the time of graduation, the following skills, knowledge and 
behaviours should be underlined: an ability to function on multi-disciplinary teams; an 
understanding of professional and ethical responsibility; an ability to communicate 
effectively, the broad education necessary to understand the impact of engineering solutions 
in a global, economic, environmental, and societal context; a recognition of the need for, and 
an ability to engage in life-long learning; a knowledge of contemporary issues; an ability to 
use the techniques, skills and modern engineering tools necessary for engineering practice.  
According to Career after Higher Education, a research project involving 11 countries of the 
European Union, a higher quality training and better professional preparation is a real need 
at many Spanish Universities. Within this context this chapter focus on describing and 
applying the new teaching methodologies based on European Higher Education Area and 
its implementation on engineering subjects, such as, lecturing, laboratory instruction, 
cooperative learning, problem based learning, tutorial strategies, project and learning 
contract and the effective integration of Information and Communication Technologies. 

 
2. European Higher Education Area 
 

The action programme set out in the Bologna Declaration is based on a clearly defined 
common goal: to create a European Area for Higher Education in order to enhance the 
employability and mobility of citizens and to increase the international competitiveness of 
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European higher education; a deadline: the year 2010 and a set of specified objectives: the 
adoption of a common framework of readable and comparable degrees, “also through the 
implementation of the Diploma Supplement”; the introduction of undergraduate and 
postgraduate levels in all countries, with first degrees no shorter than 3 years and relevant 
to the labour market; ECTS-compatible credit systems also covering lifelong learning 
activities; a European dimension in quality assurance, with comparable criteria and methods 
and the elimination of remaining obstacles to the free mobility of students  (as well as 
trainees and graduates) and teachers (as well as researchers and higher education 
administrators). 
Within Higher European Education Area context, Institutions of Higher Learning must 
adapt to changes in their environment. Spanish universities are needed to make 
fundamental changes mainly in two ways: the adoption of comparable degrees and 
students´ instruction. 

 
2.1 The adoption of comparable degrees 
Bologna declaration supposes the adoption of a system essentially based on two main 
cycles, undergraduate and graduate. Access to the second cycle shall require successful 
completion of first cycle studies, lasting a minimum of three years. The degree awarded 
after the first cycle shall also be relevant to the European labour market as an appropriate 
level of qualification. The second cycle should lead to the Master and/or doctorate degree as 
in many European countries, not in Spain in which this master or doctorate degree formed 
part of the third cycle studies (5 years of degree plus 2 years of master or doctorate studies 
and the thesis project, 1 or 2 years more, at least, finally 9 or 10 years were needed to 
complete the PhD). This part has been or is being carried out and will be ready to be 
implemented in 2010.  
 

 
Fig. 1. Traditional Spanish Engineering Degrees  

 

2.2 Students´ instruction 
Currently, Spanish University is focused on the advancement of knowledge through 
research. Faculty is hired to teach, but they are fundamentally evaluated as published 
researchers. The highest status and most rewarded responsibility of the professor become 
conducting basic research and publishing results in reputable journals. Within Higher 
European Education Area context, Institutions of Higher Learning must adapt to changes in 
their environment. Universities need to make fundamental changes in the ways students are 
instructed; these changes are known as the new paradigm of teaching.  
From the old paradigm of teaching based on transferring knowledge in the classroom to 
passive students to the new paradigm focused on students who are active constructors of 
their own knowledge. Faculty effort is aimed at developing students´ competencies (See Fig. 
2). Furthermore, instructors should assume that teaching is complex and requires 
considerable training. As Johnson et al (2006a) mention “becoming a good instructor takes at 
least one lifetime of continuous effort”. 
 

 
Fig. 2. Changing the old paradigm of Teaching  
 
However, to achieve this target, instructors require training and improving skills and 
procedures. It should be underlined that some instructors neither want to drop this old 
paradigm, they continue assuming that the untrained student mind is an empty vessel into 
which instructors pour their wisdom, nor receive any training based on the assumption that 
any expert can teach. 
In spite of the fact that minor modifications in current teaching practices will not solve the 
current problems with instruction, the new approach to instruction should be carried out 
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step by step, and the first step is training and making more effective the old methodologies 
usually employed (lecturing, problem solving classes and laboratory instruction). As 
Ramsden (2000a) mentioned, some teaching methods still used because teachers are 
unaware of alternatives. 

 
2.3 Engineering Competences 
The Engineering Accreditation Commission mentions the criteria which are intended to 
assure quality and to foster the systematic pursuit of improvement in the quality of 
engineering education that satisfies the needs of constituencies in a dynamic and 
competitive environment. In the third criterion, which describes what students are expected 
to know and be able to do by the time of graduation, the following skills, knowledge and 
behaviours should be underlined: an ability to function on multi-disciplinary teams; an 
understanding of professional and ethical responsibility; an ability to communicate 
effectively, the broad education necessary to understand the impact of engineering solutions 
in a global, economic, environmental, and societal context; a recognition of the need for, and 
an ability to engage in life-long learning; a knowledge of contemporary issues; an ability to 
use the techniques, skills and modern engineering tools necessary for engineering practise. 
Some Instrumental competencies, but mainly interpersonal and systemic competencies have 
been traditional deemphasized in engineering studies in Spain According to Career after 
Higher Education, a research project involving 11 countries of the European Union, a higher 
quality training and better professional preparation is a real need at many Spanish 
Universities. As Tien (2003) mentioned “Industry is no longer willing to take on the role of 
being an engineering finishing school”.  
Some Instrumental competencies, but mainly interpersonal and systemic competencies have 
been traditional deemphasized in engineering studies in Spain. 
With respect to engineering competencies (Tunning, 2000), we asked our students about the 
followings competencies: Capacity for analysis and synthesis, Planning and time 
management, Basic general knowledge in the field of study, Grounding in basic knowledge 
of the profession in practice, Oral and written communication in your native language, 
Knowledge of a second language, Elementary computing skills, Information management 
skills (ability to retrieve and analyse information from different sources), Problem solving, 
Decision-making, Critical and self-critical abilities, Teamwork, Interpersonal skills, 
Appreciation of diversity and multiculturality, Ability to work in an international context, 
Ethical commitment, Capacity for applying knowledge in practice, Research skills, Capacity 
to learn, Capacity to adapt to new situations, Capacity for generating new ideas (creativity), 
Leadership, Understanding of cultures and customs of other countries, Ability to work 
autonomously, Project design and management, Initiative and entrepreneurial spirit, 
Concern for quality, Will to succeed. Finally, they emphasized their capacity for 
organization and planning, elementary computer skills, decision making, information 
management skills. Moreover, students pointed out other competencies, such as capacity to 
learn, ability to work autonomously and teamwork. 
The competencies independently developed in an engineering degree have changed. Our 
students are “Digital Natives”, that is people “accustomed to twitch-speed, multitasking, 
random-access, graphics-first, active, connected,  the fun, fantasy, quick-payoff world of 
their video games, MTV, and Internet, and are bored by most of today’s education, well 
meaning as it may be. But even worse, the many skills that new technologies have actually 

 

enhanced (e.g., parallel processing, graphics awareness, and random access)—which have 
profound implications on their learning—are almost totally ignored by educators.” (Pensky, 
2001, 2007) 

 
3. Teaching Methodologies 
 

While there are no best teaching methods, some methods and combinations of methods are 
indisputably better than others. The next subsections focus on describing and applying the 
new teaching methodologies based on European Higher Education Area and its 
implementation on engineering subjects, such as, lecturing, laboratory instruction, 
cooperative learning, problem based learning and tutorial strategies. Figure 3, shows the 
reference framework to follow when designing teaching and learning strategies.  
 

 
Fig. 3. The reference framework to choose the teaching and learning strategies 

 
3.1 How to make lectures more effective? 
The lecture is probably the oldest teaching method, the most criticized and still the method 
most widely used in universities throughout the world. There are several reasons why 
lecturing is so commonly used: its implementation is simple and cheap, it can be used to 
disseminate information in almost any field of work and a great deal of material can be 
presented in a short period of time. 
Brown and Atkins (1990) mention the three targets to reach using lectures: 
- to present elaborated material (how we do it has a capital importance, for example, the 

organization and presentation of lectures many times are deemphasized) 
- it should provide learning, integrating information into existing conceptual networks, 
- arouse students´ interest in the subject. In relation with this last target, McKeachie and 

Svinicki (2006a) mentioned that the role of the lecturer in Higher Education is to 
communicate the teacher’s enthusiasm about the subject. 

However, a major problem with the lecture is that students assume a passive, non-thinking, 
information receiving role. To achieve higher-level cognitive and attitudinal objectives 
alternative teaching strategies have to be interwoven. Thus, the first question to answer is: 
How to make lectures more effective? In 1986, McKeachie tried to answer this question: “if 
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step by step, and the first step is training and making more effective the old methodologies 
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Ramsden (2000a) mentioned, some teaching methods still used because teachers are 
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we want students to become more effective in meaningful learning and thinking, they need 
to spend more time in active, meaningful learning and thinking- not just sitting and 
passively receiving” and so Jerry Evensky (1996) also mentioned “You should not think of 
the lecture as the passive period to be relieved by ´Now we’re going to do active learning´”. 
One of the most valuable strategies is cooperative learning, and especially informal 
cooperative learning ones as Johnson et al (2006a) proposed to interweave with lecturing.  

 
3.2 Laboratory instruction 
In Engineering laboratory instruction has an important role in developing students´ 
competencies especially within engineering practice. 
In 1999, Domin published a review of laboratory instruction styles. The most popular, most 
criticized and usually most commonly used style is the expository instruction. In this kind of 
instruction everything is prefixed, the results to be obtained and the steps to follow for 
achieving the objectives of the practical session.  
“The chief problem with practicals is similar to the problem with lectures… It is taken for 
granted that students will learn if they are presented with information, so in practicals 
students will learn if they do things… But doing things does not imply understanding 
processes of enquiry or relating practice to theoretical knowledge. (...) The key to the 
problem is to appreciate that the traditional practical, like the lecture, is a teacher-dominated 
form of instruction. It leaves too little room for students to engage with the content in a way 
that will help them to understand it.” (Ramsden, 2000b)   
Beard and Hartley (1984) summarize several studies which are critical of the tendency of 
practical work in science to emphasise low-grade skills, to reduce student responsibility and 
to foster a superficial and mechanistic approach to the relations between theory and 
practice. 
Coppola (2006) and Hofstein, & Lunetta (1982) also mentioned that this simple, cheap and 
comfortable method for the instructor is so poor at promote engaged and deeper learning, 
that nearly any strategy which promotes more active learning and decision making by 
students is observed to produce learning gains. 
Within this context, the use of inquiry, discovery and problem-based activities are a better 
way than exposition to accomplish instructional goals because they are more engaging. 
A very interesting non-traditional style is studio instruction. In a studio, learning and 
practice are intimately integrated and take place in the same space, thus transitions between 
theory and practice are unhindered. In the sciences, a studio implies an environment where 
students have access to concepts, problem solving, and experiments in the same space and 
practice and theory are inseparable; interactive, hands-on experiences deliver fast results. 
The studio teaching method is especially appealing because it does not limit itself to a single 
type of best practice (Coppola, 2006). Many colleges and Universities have implemented this 
style, such as: the University of Michigan, the University of North Carolina, California 
Polytechnic Institute, St. Edwards University or the State University of Georgia. 

 
3.3 Cooperative learning 
As Johnson et al (2006b) mentioned: “the new paradigm of teaching may only be 
operationalized and implemented through the use of cooperative learning procedures”. 
Furthermore, from the three types of social interdependence, cooperation tends to promote 

 

the highest achievement, most positive relationships, and greatest psychological health. 
They pointed out the essential components: positive interdependence, individual 
accountability, promote interaction, social skills and group processing. From structuring 
these five elements into lessons, instructors can create formal cooperative learning lessons, 
informal cooperative learning lessons, and cooperative base groups. 
Adams and Hamm (1996) pointed out some benefits of cooperative learning that can be 
summarized in the following items: 
- Motivate students.  
- Increase academic performance and retention. 
- Help with the creative generation of new ideas. 
- Increase respect for diversity. 
- Promote literacy and language skills. 
- Help develop skills required in the community and the world of work. 
- Improve teacher effectiveness. 
Within this framework, Theodore Newcomb (1966) identified the peer group as the single 
most powerful influence in undergraduate education. 
Falchicov (2001) based on similar classifications devised by Bohlmeyer & Burke (1987) and 
Kagan (1985) describes the following peer-tutoring techniques: 
- Guided Reciprocal Peer Questioning (RPQ).  
- Structured Academic Controversy (SAC). 
- The Jigsaw Classroom. 
- Syndicate Method. 
- Team Learning. 
Peer teaching is a very powerful method of learning that is greatly under-utilized, although 
it is highly effective for a wide range of goals, content and students of different levels and 
personalities and is easily adapted for large-class teaching. Researches on peer teaching such 
as the one by Annis (1983) demonstrated that teaching resulted in better learning than being 
taught. The tutor is also likely to have increased social skills and attitudes to study and self. 
Preparing to teach and teaching involve active thought about the material, analysis and 
selection of main ideas, and processing the concepts into one’s own thoughts and words. 
(Topping, 1996) 
As a conclusion, although the advantage of cooperative learning is that “can be used with 
some confidence at any grade level, in every subject area, and with any task” (Johnson et al, 
2006). “The benefits of cooperative learning are not automatic, however, and if imperfectly 
implemented, the method can create considerable difficulties for instructors, most notably 
dysfunctional teams and student resistance or hostility to group work. Instructors who have 
never used the approach are advised to move into it gradually rather than attempting a full-
scale implementation on their first try, and to increase the level of implementation in 
subsequent course offerings. To an increasing extent, they should see the learning benefits 
promised by the research, and as their expertise and confidence in implementing the 
method continue to grow, student evaluations of the team experience should improve 
concurrently. Most importantly, instructors who are successful in using cooperative learning 
in their classes will have the satisfaction of knowing that they have significantly helped 
prepare their students for their professional careers”(Felder & Brent, 2001). 
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3.4 Problem Based Learning (PBL) 
McKeachie and Svincki (2006b) affirm that “Problem-based learning is (along with active 
learning, cooperative-collaborative learning and technology) one of the most important 
developments in contemporary higher education”. And also mentioned that: “Cognitive 
theory provides good support for the idea that knowledge learned and used in a realistic, 
problem-solving context is more likely to be remembered and used appropriately when 
needed later” (2006c). 
PBL approaches agree that “the starting point for learning should be a problem, query or a 
puzzle that the learner wishes to solve”(Felder & Brent, 2001).  
As Biggs (2000a) underlined, PBL is not an ordinary curriculum with problems added, the 
problems are the curriculum. The traditional disciplines do not define what is to be learned, 
the problems do. However, the aim is not only to solve those particular problems, but in the 
course of doing so, the learner will acquire knowledge, content-related skills, self 
management skills, attitudes know-how: in a word: professional wisdom.  
PBL in effect simulates everyday learning and problem solving. The problems are however, 
carefully selected, so that by the end of the programme, the learner is expected to cover 
perhaps less content than is covered in a traditional programme, but the nature of the 
knowledge so gained is different. Coverage, so dominant in discipline-centred teaching, is 
considered less important.   
Cawley (1989) relates how the benefits of problem-based learning can be derived from a 
course introduced into an existing programme. Diagnostic and problem-solving skills 
essential to engineering practice are not being properly understood using traditional 
methodologies which are mainly focused on technical content, this method sought to 
develop students´ understanding at the same time as enhancing their analytical and critical 
skills and their ability to communicate solutions. Cawley (1989) reports that the course is not 
only more effective in terms of the quality of students learning, but that it costs little more to 
run than a conventional engineering course. It is also more enjoyable for both staff and 
students. 

 
3.5 The tutorial 
Currently, at Spanish University the classic tutorial situation is one-to-one tutoring, 
however, this is only used to explain misconceptions or to complete the contents from a 
previous lecture of an specific subject. 
In this article three types of tutorials will be described (See Figure 4). First of all, the tutorial 
which correspond to an specific subject (subject’s tutorial), secondly, the tutorial of the 
degree (degree’s tutorial) and last but not least the tutorial of personal advising (adviser’s 
tutorial).  
In the EHEA the tutorial becomes a teaching strategy and will be accounted when defining 
the ECTS. Different authors such as Anderson (1997) and Biggs (2000b) mentioned that 
subject tutorials must be understood as a complement of a large lecture, not like a 
supplement. In this kind of tutorials, the students should do much of the work, the tutor’s 
role is to see that they do. Instructors should set rich tasks, ask probing questions, challenge 
misconceptions, manage the proceedings appropriate to the students´ levels of 
understanding and chair the proceedings. Students see ‘good’ tutorials as those that 
promote active learning, where tutors are able to set up a good theory and atmosphere, to 

 

facilitate good debate, to open out the quieter students, to quieten the already to open and to 
provide a focus for discussion and interaction that requires students to prepare in advance.  
Tutorials in the sciences often deal with public problem-solving, which calls for specific 
skills. This kind of tutorials is not implemented in most of the Spanish Higher Education 
system. 
 

 
Fig. 4. Tutorial Classification  
 
In relation with degree’s tutorial, this kind of tutorial has been implemented in the last 
years, in our personal experience, students were active.  The meeting sessions provide 
constant challenges and opportunities for both instructors and students to learn and also 
allow a personal transaction among students and between faculty and students.  
Several sessions were conducted to deal about students´ major concerns regarding four 
different aspects:  the system and the university as a whole, their instructors, the subjects 
and their role as students. The Ramsden´s questionnaire was used to help them with the 
different topics addressed.  
In relation with the subject topics, as a general conclusion, the students mentioned that in 
many occasions they do not really now either the utility of the subjects they study or the 
real-live applications. They also mentioned that the syllabus is huge and the contents are too 
theoretical and not practical. 
In terms of their role as students, they confess that they feel completely missed, when 
starting new subjects, due to the fact they do not have a clear idea about what is expected 
from them. Furthermore, they consider that the amount of work is enormous, they feel 
themselves under pressure and they criticize instructors´ attitude, basically in the way 
instructors behave when having tutorials. 
Concerning the system, they consider a priority to drop the old paradigm of teaching and 
want to discover, construct, transform and extend their Knowledge. They want to have an 
active role within their educational process and also they want to thank the possibility 
offered by these sessions in which they express their opinions. They textually mentioned: 
“The students will learn more and better if they have a prominent role building their 
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knowledge”. They mentioned that we all should work hard to improve the Impersonal 
relationships among students and between faculty and students. 
At present and based on the aforementioned sessions, we are trying to reinforce subject’s 
tutorial and degree’s tutorial, facilitating the interrelation between faculty and students and 
among students. 
The adviser’s tutorial is thought to deal with specific personal aspects to help the student. 
Thus, it is not just centered on achieving academic goals, such as improving a result in an 
specific subject or improving an specific skill, this tutorials try to focus on some specific 
personal feelings or matters such as emotional problems and try to respond to the 
individual student as the most important way to improve the institution labour. 

 
4. Technology and Teaching 
 

4.1 Why using ICTs? 
There are different European projects to develop the use of new technologies such as the 
eLearning Initiative (2003- ), which promotes the use of ICT for teaching in formal, non 
formal and informal contexts.  
Also, i2010 A European Information Society for growth and employment which promotes 
the positive contribution that ICT can make to the economy, society and personal quality of 
life. 
This is due to the fact that the use of technology as a tool can serve a number of very useful 
functions in college and university classrooms, E. Zhu and M. Kaplan [30] include the 
following: 
- Providing new opportunities for enhancing student learning that otherwise would be 

impossible or very difficult. 
- Addressing specific learning goals more effectively. Taking advantage of the rich 

information now available online. 
- Preparing students for live in a wired world. 
Chickering and Ehrman in 1996 affirmed that since the Seven Principles of Good Practice 
were created in 1987, new communication and information technologies have become major 
resources for teaching and learning in higher education. If the power of the new 
technologies is to be fully realized, they should be employed in ways consistent with the 
Seven Principles. They added that The Seven Principles cannot be implemented by 
technophiles alone, or even by faculty alone. Students need to become familiar with the 
Principles and be more assertive with respect to their own learning (Chickering & Gamson, 
1987). The aforementioned principles are: 
1. Good Practice Encourages Contacts Between Students and Faculty: Communication 

technologies can strengthen faculty interactions with all students, but especially with 
those students who are reluctant to ask questions or challenge the teacher directly. 

2. Good Practice Develops Reciprocity and Cooperation Among Students: the extent to 
which computer-based tools encourage spontaneous student collaboration was one of 
the earliest surprises about computers.  

3. Good Practice Uses Active Learning Techniques: newer technologies now can enrich 
and expand the opportunities focus on learning by doing. Everything is active with 
ICTs 

 

4. Good Practice Gives Prompt Feedback: the ways in which new technologies can 
provide feedback are many.  

5. Good Practice Emphasizes Time on Task: new technologies can dramatically improve 
time on task for students and faculty members 

6. Good Practice Communicates High Expectations: new technologies can communicate 
high expectations explicitly and efficiently.  

7. Good Practice Respects Diverse Talents and Ways of Learning: technological resources 
can ask for different methods of learning.  

Now, considering learning as a social enterprise in which students need to interact with 
instructors and classmates, and education as a personal transaction among students and 
between the faculty and students as they work together (McKeachie & Svinicki, 2006c), the 
TICs and more specifically the interpersonal communicative and cooperative net tools, such 
as e-mails, chat, video-conferences usually called “social software” are a powerful 
contribution to achieve flexible communication enhancing the learning process. These easy 
common technology tools are implemented or are being implemented at Spanish University  
(See Fig. 5). 

 
Fig. 5. Implementing ICTs at Spanish University 
 
However, the powerful “collaborative tools” which allows to construct shared 
understandings and knowledge, have just broken into the Spanish academic and scientific 
environment. Within all applications we have selected the wikis, the weblogs (or simply 
blogs) and the electronic portfolio, as continuous assessment tool. 
The weblogs can be used by the students as an academia web to develop the subject 
contents, as a communication space in which they can extend discussions beyond the 
classroom and even can be used to promote that students work together to construct 
knowledge. 
Instructors also use blogs just as a diary of class activities or also to promote for example 
critical thinking, posting electronic PBL activities, and questionaries. 
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The wikis are now a mass phenomena in electronic edition, which are based on collaborative 
principles and shared knowledge construction, generally in an horizontal and anonymous 
way, although in educational circles to use them implies the user identification.  
One of the most well known wikis is the “Wikipedia”, there are also free tools to create our 
wiki such as Seedwiki (http://www.seedwiki.com/) or MediaWiki (http://www. 
mediawiki.org/wiki/MediaWiki). 
Last but not least, one of the most used tools in innovative projects is the electronic portfolio, 
which can be a valuable continuous learning assessment tool.  The electronic portfolio can 
be designed by the student using specific tools such as the free software Open Source 
Portfolio (http://www.osportfolio.org). 

 
4.2 Considerations 
When analyzing our students questionnaires about What kind of ICTs do your teachers 
use?, we realized that although it is natural to think first of the technology tool itself as a 
starting point (for example, teaching with technology is not just using Power point in 
lectures 90.2%), the use of instructional technology is more likely to be effective and 
appropriate (that is, facilitate student learning and own productivity) if it is integrated into a 
careful planning process that takes into account the various factors involved in teaching and 
learning.  
Although, it is true that “the use of technology may change teaching methods and 
approaches to learning as well as attitudes, motivation and interest in teaching and learning 
the subject”, however, “the successful integration of technologies entails the careful 
consideration of course content, the capabilities of various technology tools and students 
access to and comfort with technology, and the instructor´s view of his or her role in the 
teaching and learning process” (Zhu & Kaplan, 2006). Furthermore, any reflection on the 
implementation of ICT in Higher Education should take into account the primary 
competencies previously mentioned.  
Within engineering context, it should be underlined that “new technology is not another 
way of extending educational delivery, but is itself a defining cultural and social feature of 
our increasingly unpredictable, changeable and contestable world. Its very application is 
now a necessary part of higher education´s role in preparing students for the culture of the 
future, as it rapidly becomes the present. In this way, innovation, itself, becomes content in 
the higher education curriculum, its very use a model for students to critically and 
creatively reconstruct for themselves in their own learning” (Light & Cox, 2006a) 

 
5. A new assessing approach 
 

Rowntree (1987) starts with an assertion: “If we wish to discover the truth about an 
educational system we must look into its assessment procedure”.  
Within the new teaching paradigm: “Tests and other assessments should be learning 
experiences as well as evaluation devices” (McKeachie & Svinicki, 2006d)  
A great effort must be done in this specific field. Traditionally, assessment was simply and 
end-of–course exercise to determine student grades.  

 

 

5.1 Learning Contracts 
Stephenson and Laycock (2002a)  define learning contracts as “agreements negotiated 
between students and staffs and, where appropriate employers, regarding the type and 
amount of study to be undertaken and the type and amount of assessment or credit 
resulting from this study”. 
They can cover any period of time and can be used with varying degrees of formality or 
academic legitamicy for a variety of institutional and/or off-campus learning and with 
individuals or groups of students. Typically, they involve students in negotiating their 
learning goals, the methods by which those goals will be meet and the means by which the 
achievement of the goals can be assessed and at  a what level. 
Developing learning contracts can encourage students to feel they have a more personal role 
in their education. These can also provide an important platform for personal reflection, 
thus learning contracts can be used as a tool which stress the importance of assessment in 
providing support for personal development.  
As Light and Cox (2006a) mention in social subjects the expression of personal perspectives 
has always been valued but in the sciences this has been difficult. However, even in 
technical projects, asking students to write a section in reports on their personal response to 
the experience can be a useful way of encouraging them to understand and extend their 
own responses and experiences of learning. 
Stephenson and Laycock (2002b) give the following conclusion: “Radical change is coming. 
Given the combined efforts of a number of pioneering academic staff in institutions 
throughout the UK, …, we are certain that the learning contract will play its part in this 
major paradigm shift”.  

 
5.2 The portfolio 
Portfolios are now becoming a widespread way of assessing continuing developing. They 
are another form of assessment that focuses upon enabling students to have a wider range of 
choice than more traditional methods. Students may be asked to provide a portfolio of 
evidence of achievement in terms both of outcomes specified by the course and also a wider 
range of abilities and achievements which are more personal to the individual students and 
their particular interests (Light & Cox, 2006b). 
Research on the personal development and motivation of students often stresses the 
importance of them having a sense of control over their own environment. This is typically 
expressed in terms of how many choices they are able to make in terms of what they learn 
and how they learn (Cox, 1996).  
In engineering a portfolio can partially consist of problems or lab reports representing 
various course topics written up to show the student´s understanding. 
However, as Biggs mentions (2000c) a portfolio is a net way of throwing the responsibility of 
matching the assessment tasks to the objectives on to the students. In this sense, a portfolio 
may be used as an example of PBL. The central problem for each student is to select an item 
of relevant learning, and demonstrate that it manifests the qualities nominated in the 
objectives. Thus, one danger with portfolios is that students may go overboard, creating 
excessive workload both for themselves and for the teacher, the limits must be set. (2000d) 
From the classical portfolio a new and very interesting technology tool is the electronic 
portfolio. It presents an important advantage in comparison with the traditional portfolio, 
students can evaluate one another’s work, perhaps a rubric for evaluation improve these 
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process, of course, students should be encouraged in order to get helpful and constructive 
comments. Gibbs (1998) emphasises the importance of peer-assesment as a teaching-
learning device. 
The electronic portfolio can be designed by the student using specific tools such as the free 
software Open Source Portfolio (http://www.osportfolio.org). 

 
5.3 Rubrics 
A rubric is a set of scoring guidelines for evaluating student work. The advantage of using 
good rubrics is that the students have a clear descriptor of each level of performance, this 
important fact enables more reliable an unbiased scoring. Rubrics can help students and 
teachers define "quality". Rubrics can also help students judge and revise their own work 
before handing in their assignments. Also, they can be used for self-assessment, a very 
powerful method that considerably sharpens content learning (Biggs, 2000e) 

 
6. Conclusions 
 

Spanish Universities are carrying out many changes to drop the old paradigm of teaching 
and adopt the new paradigm based on theory and research that have clear applications to 
instruction. Nevertheless, special attention should be pay to emphasize teaching and service, 
as President Donald Kennedy mentioned at Standford University: “It is time for us to 
reaffirm that education- that is, teaching in all its forms- is the primary task of higher 
education”. 
Within this framework, it can be mentioned that: 
1. The new approach to instruction should be carried out step by step. 
2. Instructors should assume that teaching is complex and requires considerable training. 

As Johnson et al (2006d) mention “becoming a good instructor takes at least one lifetime 
of continuous effort”. 

3. Faculty effort has to be aimed at developing student´s competencies.  
4. While there are no best teaching methods, some methods and combinations of methods 

are indisputably better than others at realising the sort of constructive engagement with 
learning activities that leads to change in understanding. Such methods involve 
students in actively finding knowledge, meaningful learning and thinking (often in a 
spirit of cooperation as well as individual effort) as a route to understanding and the 
secure retention of factual knowledge, not just sitting and passively receiving 
information. These methods are in sharp contrast to those which concentrate on placing 
authoritative information before individual students and leaving the rest up to them 
(Ramsden, 2000c), (Biggs, 2000e). 
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1.	Introduction    
 

Classical or digital representation is not just a simple mean of reproduction or imitation of 
reality, its enormous potential passes through complex mechanisms of interpretation, 
creating new possible worlds: the purpose of representation, therefore, lies in its creative 
potential. If we consider the planning process, at any architectural scale, it is also evident 
that the representation has an important role of virtual mediation, in fact, it communicates 
the spatial, aesthetic, material, functional and metric information: the architecture becomes 
reality only if it is represented. Another important function, which representation may 
successfully cover, is the mapping of the historical architectural heritage, which today is 
losing the link with its culture, in fact, even in the best preserved city centre there are a lot of 
appearances which have altered or destroyed the original space and the system of signs; we 
always see all around new changed landscapes not only from a naturalistic point of view 
but also considering infrastructural and architectural aspects. It is not Semantics (the system 
of signs), which are changing, but how to read them: Media have influenced our experience 
of the visual world with fluid images. For all these reasons and to coordinate the vast 
amount of existing data, we can broaden the definition of the usual hypertext, which is seen 
as a combination, which changing values run free from all kind of references, the 
information is switched outside the constraints of specific locations (Dematteis, 1993). 
Sailing within a hypertext can be read as a metaphor for the dynamic and discontinuous 
perception of current space (architecture, city and landscape), because hypertext allows 
reading reality through many codes, all valid at the same time and all bringing legitimate 
messages – we can consider the vision of a spatial configuration not like the result of a single 
author, but as the sum of the individualism of each reader-authors – .  
Another example of connected reading is the Augmented Reality, it combines the images of 
the world with computer data, creating a virtual reality in which computer graphic objects 
are blended into concrete footage in real time: in other words, AR uses live video imagery 
'augmented' by the addition of computer graphics. If we refer to hypertext as an 
extraordinary coexistence of text, tells, documents, biographies, repertories (Pavia, 1996) or 
if we refer to the Augmented Reality in order to show the analysis of the characteristics of an 
actual reality, adding computer qualities; then it would be better to use an Hyper-
representation to study architecture and landscape, because they are not only exterior 
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1.	Introduction    
 

Classical or digital representation is not just a simple mean of reproduction or imitation of 
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successfully cover, is the mapping of the historical architectural heritage, which today is 
losing the link with its culture, in fact, even in the best preserved city centre there are a lot of 
appearances which have altered or destroyed the original space and the system of signs; we 
always see all around new changed landscapes not only from a naturalistic point of view 
but also considering infrastructural and architectural aspects. It is not Semantics (the system 
of signs), which are changing, but how to read them: Media have influenced our experience 
of the visual world with fluid images. For all these reasons and to coordinate the vast 
amount of existing data, we can broaden the definition of the usual hypertext, which is seen 
as a combination, which changing values run free from all kind of references, the 
information is switched outside the constraints of specific locations (Dematteis, 1993). 
Sailing within a hypertext can be read as a metaphor for the dynamic and discontinuous 
perception of current space (architecture, city and landscape), because hypertext allows 
reading reality through many codes, all valid at the same time and all bringing legitimate 
messages – we can consider the vision of a spatial configuration not like the result of a single 
author, but as the sum of the individualism of each reader-authors – .  
Another example of connected reading is the Augmented Reality, it combines the images of 
the world with computer data, creating a virtual reality in which computer graphic objects 
are blended into concrete footage in real time: in other words, AR uses live video imagery 
'augmented' by the addition of computer graphics. If we refer to hypertext as an 
extraordinary coexistence of text, tells, documents, biographies, repertories (Pavia, 1996) or 
if we refer to the Augmented Reality in order to show the analysis of the characteristics of an 
actual reality, adding computer qualities; then it would be better to use an Hyper-
representation to study architecture and landscape, because they are not only exterior 
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entities. In fact, as the hypertext – the textual information arrives usually to the reader in a 
linear and sequential manner – is an associative and interactive link between information 
placed in different points of the same document, and as the Augmented Reality is an 
overlap of virtual and real images, then Hyper-representation of architecture, city and 
landscape, can be seen as a new tool not only for visualization, but also for knowledge and 
communication of a rapid and accurate analysis of complex data and variables. Only the 
Paper is inadequate for representation of all aspects of architecture and urban 
configurations, to which we add the dynamic space, so it is necessary to turn our attention 
to a 'digital organization', an Hyper-representation of a 3D model, in which one can find 
connections between measurements, iconographical images, historical maps, movies, 
synthetic reconstructions of CAD; this management allows to provide the highest level of 
completeness through the analysis of the available resources.  
In this context, we suggest the following procedural steps: 
 planning the GIS – Geographic Information System – of the space, where the studied 

architectural object is, verifying the real functionality; 
 testing the GIS and its standards, identified by the digital formats for architecture, city and 

landscape; 
 testing Hyper-representation as a tool to show, know and communicate data; 
 defining the possible procedures to validate a digital architectural model in its landscape.  

 
2. The Hyper-representation of Palladio's villa Almerico-Capra 
 

The renewed interest in representation can be found not only in educational and academic 
fields, but also in every kind of planning project, at any architectural scale; so representation 
constitutes the main instrument to study all things, that we identify with the terms 
architecture, city and landscape: it is sufficient to read any text about history of 
representation to realize that, all the steps of innovation of this discipline usually are 
connected to the development of history in architecture, engineering and technology. As 
examples for this liaison we remember the influence of axonometry in planning mechanical 
pieces during the XIX century or the link between digital programs and contemporary 
planning.  
Of course the act of planning does not depend on the techniques of drawing, but they are 
the preferred solution to explain, manage and describe all the data in a project. Knowledge 
and communication of architecture, cities and landscape have to rely on representation, this 
is an important subject not only for our specific studies, but also in many other disciplines, 
from architecture to town planning.  
On one hand, hypertext has renewed the textual organization, passing from the simple text 
to additional text, critical contributions, stories, documents, biographies and pictures (see 
the extensive bibliography on hypertext, formed by operational, practical and philosophical 
contributions, in which it stands out that it is not possible to organize a connected study like 
an hypertext, and for this reason, we propose the Hyper-representation as solution, as a new 
tool for viewing, understanding, communicating and providing a rapid and accurate 
analysis of a large quantity of complex data. If the term Hyper-representation is today used 
in cinema, legal or psychoanalytical fields, it is in the history of ideas and philosophy that 
we can find the most original and interesting remarks: Hyper-representation is seen as an 
immense system of representation, a way to demonstrate and show the idea of a complex 

 

object through its appearance here and now (Nancy, 2002). Also the scholar Baudrillard 
expressed in 1978 a same concept in an interview for the magazine «TRA», talking about 
hyper-reality as a reality of a world that is free from any last reference to all things.  
In scientific field the proposal of the research team (S. Foresti, J. Bermudez, D. Westenskow, 
J. Agutter) of the Centre for High Performance Computing (CHPC-University of Utah, USA) 
is interesting: it develops a visual program (IntuInfo+) involving multidisciplinary 
contributions (architecture, mathematics, science, etc..) with the aim of creating a 
coordinated and interactive Hyper-representation, which helps to understand medical and 
physiological data for diagnostic purposes in a simple and immediate way. 
In art the work by Michael Naimark is remarkable. Working in the field of cinematography, 
interactive systems and virtual reality (his works are shown in the American Museum of the 
Moving Image in New York and in the Exploratorium in San Francisco), he produces what 
he calls Hyper-representation, repeating a simultaneous representation of the same object 
from different points of view. 
Finally, even in landscape, with photography, cinema, television and other media there have 
been some changes: technical tools are increasing and the experience of nature has shifted 
dramatically, what was a simple portion of nature now is a Hyper-representation of the 
same (Tramontano, 2006-07). 
Not considering the Augmented Reality, where the perceived reality is augmented by 
virtual objects on real space, examples of Hyper-representation in architecture, cities and 
landscape are actually non-existent. However, we have already begun to build and test this 
tool, studying Almerico-Capra villa named the Rotonda, one of the most famous Palladio's 
villas in Veneto, trying to show how useful Hyper-representation is for knowledge and 
communication in landscape and architectural analysis. 
Therefore our Hyper-representation organizes this kind of information: 
 metric-type (architectural and urban survey); 
 analytical-type (study of the sources and documents); 
 synthetic-type (creation of 3D interactive model). 
All this information must be referred to the 3D model. Landscape and changes over time, as 
well as aesthetic and geometric attributes are further information for its complete definition. 
The effort to realize and to display this type of 3D model does not have to deal only with the 
shape, location, colour or texture (these aspects are now easily detectable with a 3D 
scanner), but it has to provide a process, an organization of a constructive and structural 
system, only in this case representation can contribute for understanding and 
communicating knowledge, with the development of new technological tools. If our 
purpose is to provide means and techniques of representation of villa Almerico-Capra in its 
landscape (as physical location and place of culture), trying to create a centre for 
documentation and research; a useful model to develop a series of scientific studies and 
cultural events, where focusing the documentation and knowledge of architectural and 
urban transformations, it is necessary to proceed as follow: 
 planning the GIS of the place where the building is, contributing to the testing of 

functionality, and mapping the available data produced also by other researches; 
testing the GIS standards for all kind of digital formats to study architecture and landscape, 
mostly related to the problem of the representation scales (indeed today the use of computer as 
a drawing and an information tool has become a vehicle for innovation in the field of 
representation, but anyone, who uses computer design programs, knows 
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entities. In fact, as the hypertext – the textual information arrives usually to the reader in a 
linear and sequential manner – is an associative and interactive link between information 
placed in different points of the same document, and as the Augmented Reality is an 
overlap of virtual and real images, then Hyper-representation of architecture, city and 
landscape, can be seen as a new tool not only for visualization, but also for knowledge and 
communication of a rapid and accurate analysis of complex data and variables. Only the 
Paper is inadequate for representation of all aspects of architecture and urban 
configurations, to which we add the dynamic space, so it is necessary to turn our attention 
to a 'digital organization', an Hyper-representation of a 3D model, in which one can find 
connections between measurements, iconographical images, historical maps, movies, 
synthetic reconstructions of CAD; this management allows to provide the highest level of 
completeness through the analysis of the available resources.  
In this context, we suggest the following procedural steps: 
 planning the GIS – Geographic Information System – of the space, where the studied 

architectural object is, verifying the real functionality; 
 testing the GIS and its standards, identified by the digital formats for architecture, city and 

landscape; 
 testing Hyper-representation as a tool to show, know and communicate data; 
 defining the possible procedures to validate a digital architectural model in its landscape.  

 
2. The Hyper-representation of Palladio's villa Almerico-Capra 
 

The renewed interest in representation can be found not only in educational and academic 
fields, but also in every kind of planning project, at any architectural scale; so representation 
constitutes the main instrument to study all things, that we identify with the terms 
architecture, city and landscape: it is sufficient to read any text about history of 
representation to realize that, all the steps of innovation of this discipline usually are 
connected to the development of history in architecture, engineering and technology. As 
examples for this liaison we remember the influence of axonometry in planning mechanical 
pieces during the XIX century or the link between digital programs and contemporary 
planning.  
Of course the act of planning does not depend on the techniques of drawing, but they are 
the preferred solution to explain, manage and describe all the data in a project. Knowledge 
and communication of architecture, cities and landscape have to rely on representation, this 
is an important subject not only for our specific studies, but also in many other disciplines, 
from architecture to town planning.  
On one hand, hypertext has renewed the textual organization, passing from the simple text 
to additional text, critical contributions, stories, documents, biographies and pictures (see 
the extensive bibliography on hypertext, formed by operational, practical and philosophical 
contributions, in which it stands out that it is not possible to organize a connected study like 
an hypertext, and for this reason, we propose the Hyper-representation as solution, as a new 
tool for viewing, understanding, communicating and providing a rapid and accurate 
analysis of a large quantity of complex data. If the term Hyper-representation is today used 
in cinema, legal or psychoanalytical fields, it is in the history of ideas and philosophy that 
we can find the most original and interesting remarks: Hyper-representation is seen as an 
immense system of representation, a way to demonstrate and show the idea of a complex 

 

object through its appearance here and now (Nancy, 2002). Also the scholar Baudrillard 
expressed in 1978 a same concept in an interview for the magazine «TRA», talking about 
hyper-reality as a reality of a world that is free from any last reference to all things.  
In scientific field the proposal of the research team (S. Foresti, J. Bermudez, D. Westenskow, 
J. Agutter) of the Centre for High Performance Computing (CHPC-University of Utah, USA) 
is interesting: it develops a visual program (IntuInfo+) involving multidisciplinary 
contributions (architecture, mathematics, science, etc..) with the aim of creating a 
coordinated and interactive Hyper-representation, which helps to understand medical and 
physiological data for diagnostic purposes in a simple and immediate way. 
In art the work by Michael Naimark is remarkable. Working in the field of cinematography, 
interactive systems and virtual reality (his works are shown in the American Museum of the 
Moving Image in New York and in the Exploratorium in San Francisco), he produces what 
he calls Hyper-representation, repeating a simultaneous representation of the same object 
from different points of view. 
Finally, even in landscape, with photography, cinema, television and other media there have 
been some changes: technical tools are increasing and the experience of nature has shifted 
dramatically, what was a simple portion of nature now is a Hyper-representation of the 
same (Tramontano, 2006-07). 
Not considering the Augmented Reality, where the perceived reality is augmented by 
virtual objects on real space, examples of Hyper-representation in architecture, cities and 
landscape are actually non-existent. However, we have already begun to build and test this 
tool, studying Almerico-Capra villa named the Rotonda, one of the most famous Palladio's 
villas in Veneto, trying to show how useful Hyper-representation is for knowledge and 
communication in landscape and architectural analysis. 
Therefore our Hyper-representation organizes this kind of information: 
 metric-type (architectural and urban survey); 
 analytical-type (study of the sources and documents); 
 synthetic-type (creation of 3D interactive model). 
All this information must be referred to the 3D model. Landscape and changes over time, as 
well as aesthetic and geometric attributes are further information for its complete definition. 
The effort to realize and to display this type of 3D model does not have to deal only with the 
shape, location, colour or texture (these aspects are now easily detectable with a 3D 
scanner), but it has to provide a process, an organization of a constructive and structural 
system, only in this case representation can contribute for understanding and 
communicating knowledge, with the development of new technological tools. If our 
purpose is to provide means and techniques of representation of villa Almerico-Capra in its 
landscape (as physical location and place of culture), trying to create a centre for 
documentation and research; a useful model to develop a series of scientific studies and 
cultural events, where focusing the documentation and knowledge of architectural and 
urban transformations, it is necessary to proceed as follow: 
 planning the GIS of the place where the building is, contributing to the testing of 

functionality, and mapping the available data produced also by other researches; 
testing the GIS standards for all kind of digital formats to study architecture and landscape, 
mostly related to the problem of the representation scales (indeed today the use of computer as 
a drawing and an information tool has become a vehicle for innovation in the field of 
representation, but anyone, who uses computer design programs, knows 
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entities. In fact, as the hypertext – the textual information arrives usually to the reader in a 
linear and sequential manner – is an associative and interactive link between information 
placed in different points of the same document, and as the Augmented Reality is an 
overlap of virtual and real images, then Hyper-representation of architecture, city and 
landscape, can be seen as a new tool not only for visualization, but also for knowledge and 
communication of a rapid and accurate analysis of complex data and variables. Only the 
Paper is inadequate for representation of all aspects of architecture and urban 
configurations, to which we add the dynamic space, so it is necessary to turn our attention 
to a 'digital organization', an Hyper-representation of a 3D model, in which one can find 
connections between measurements, iconographical images, historical maps, movies, 
synthetic reconstructions of CAD; this management allows to provide the highest level of 
completeness through the analysis of the available resources.  
In this context, we suggest the following procedural steps: 
 planning the GIS – Geographic Information System – of the space, where the studied 

architectural object is, verifying the real functionality; 
 testing the GIS and its standards, identified by the digital formats for architecture, city and 

landscape; 
 testing Hyper-representation as a tool to show, know and communicate data; 
 defining the possible procedures to validate a digital architectural model in its landscape.  
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The renewed interest in representation can be found not only in educational and academic 
fields, but also in every kind of planning project, at any architectural scale; so representation 
constitutes the main instrument to study all things, that we identify with the terms 
architecture, city and landscape: it is sufficient to read any text about history of 
representation to realize that, all the steps of innovation of this discipline usually are 
connected to the development of history in architecture, engineering and technology. As 
examples for this liaison we remember the influence of axonometry in planning mechanical 
pieces during the XIX century or the link between digital programs and contemporary 
planning.  
Of course the act of planning does not depend on the techniques of drawing, but they are 
the preferred solution to explain, manage and describe all the data in a project. Knowledge 
and communication of architecture, cities and landscape have to rely on representation, this 
is an important subject not only for our specific studies, but also in many other disciplines, 
from architecture to town planning.  
On one hand, hypertext has renewed the textual organization, passing from the simple text 
to additional text, critical contributions, stories, documents, biographies and pictures (see 
the extensive bibliography on hypertext, formed by operational, practical and philosophical 
contributions, in which it stands out that it is not possible to organize a connected study like 
an hypertext, and for this reason, we propose the Hyper-representation as solution, as a new 
tool for viewing, understanding, communicating and providing a rapid and accurate 
analysis of a large quantity of complex data. If the term Hyper-representation is today used 
in cinema, legal or psychoanalytical fields, it is in the history of ideas and philosophy that 
we can find the most original and interesting remarks: Hyper-representation is seen as an 
immense system of representation, a way to demonstrate and show the idea of a complex 

 

object through its appearance here and now (Nancy, 2002). Also the scholar Baudrillard 
expressed in 1978 a same concept in an interview for the magazine «TRA», talking about 
hyper-reality as a reality of a world that is free from any last reference to all things.  
In scientific field the proposal of the research team (S. Foresti, J. Bermudez, D. Westenskow, 
J. Agutter) of the Centre for High Performance Computing (CHPC-University of Utah, USA) 
is interesting: it develops a visual program (IntuInfo+) involving multidisciplinary 
contributions (architecture, mathematics, science, etc..) with the aim of creating a 
coordinated and interactive Hyper-representation, which helps to understand medical and 
physiological data for diagnostic purposes in a simple and immediate way. 
In art the work by Michael Naimark is remarkable. Working in the field of cinematography, 
interactive systems and virtual reality (his works are shown in the American Museum of the 
Moving Image in New York and in the Exploratorium in San Francisco), he produces what 
he calls Hyper-representation, repeating a simultaneous representation of the same object 
from different points of view. 
Finally, even in landscape, with photography, cinema, television and other media there have 
been some changes: technical tools are increasing and the experience of nature has shifted 
dramatically, what was a simple portion of nature now is a Hyper-representation of the 
same (Tramontano, 2006-07). 
Not considering the Augmented Reality, where the perceived reality is augmented by 
virtual objects on real space, examples of Hyper-representation in architecture, cities and 
landscape are actually non-existent. However, we have already begun to build and test this 
tool, studying Almerico-Capra villa named the Rotonda, one of the most famous Palladio's 
villas in Veneto, trying to show how useful Hyper-representation is for knowledge and 
communication in landscape and architectural analysis. 
Therefore our Hyper-representation organizes this kind of information: 
 metric-type (architectural and urban survey); 
 analytical-type (study of the sources and documents); 
 synthetic-type (creation of 3D interactive model). 
All this information must be referred to the 3D model. Landscape and changes over time, as 
well as aesthetic and geometric attributes are further information for its complete definition. 
The effort to realize and to display this type of 3D model does not have to deal only with the 
shape, location, colour or texture (these aspects are now easily detectable with a 3D 
scanner), but it has to provide a process, an organization of a constructive and structural 
system, only in this case representation can contribute for understanding and 
communicating knowledge, with the development of new technological tools. If our 
purpose is to provide means and techniques of representation of villa Almerico-Capra in its 
landscape (as physical location and place of culture), trying to create a centre for 
documentation and research; a useful model to develop a series of scientific studies and 
cultural events, where focusing the documentation and knowledge of architectural and 
urban transformations, it is necessary to proceed as follow: 
 planning the GIS of the place where the building is, contributing to the testing of 

functionality, and mapping the available data produced also by other researches; 
testing the GIS standards for all kind of digital formats to study architecture and landscape, 
mostly related to the problem of the representation scales (indeed today the use of computer as 
a drawing and an information tool has become a vehicle for innovation in the field of 
representation, but anyone, who uses computer design programs, knows 
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entities. In fact, as the hypertext – the textual information arrives usually to the reader in a 
linear and sequential manner – is an associative and interactive link between information 
placed in different points of the same document, and as the Augmented Reality is an 
overlap of virtual and real images, then Hyper-representation of architecture, city and 
landscape, can be seen as a new tool not only for visualization, but also for knowledge and 
communication of a rapid and accurate analysis of complex data and variables. Only the 
Paper is inadequate for representation of all aspects of architecture and urban 
configurations, to which we add the dynamic space, so it is necessary to turn our attention 
to a 'digital organization', an Hyper-representation of a 3D model, in which one can find 
connections between measurements, iconographical images, historical maps, movies, 
synthetic reconstructions of CAD; this management allows to provide the highest level of 
completeness through the analysis of the available resources.  
In this context, we suggest the following procedural steps: 
 planning the GIS – Geographic Information System – of the space, where the studied 

architectural object is, verifying the real functionality; 
 testing the GIS and its standards, identified by the digital formats for architecture, city and 

landscape; 
 testing Hyper-representation as a tool to show, know and communicate data; 
 defining the possible procedures to validate a digital architectural model in its landscape.  
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constitutes the main instrument to study all things, that we identify with the terms 
architecture, city and landscape: it is sufficient to read any text about history of 
representation to realize that, all the steps of innovation of this discipline usually are 
connected to the development of history in architecture, engineering and technology. As 
examples for this liaison we remember the influence of axonometry in planning mechanical 
pieces during the XIX century or the link between digital programs and contemporary 
planning.  
Of course the act of planning does not depend on the techniques of drawing, but they are 
the preferred solution to explain, manage and describe all the data in a project. Knowledge 
and communication of architecture, cities and landscape have to rely on representation, this 
is an important subject not only for our specific studies, but also in many other disciplines, 
from architecture to town planning.  
On one hand, hypertext has renewed the textual organization, passing from the simple text 
to additional text, critical contributions, stories, documents, biographies and pictures (see 
the extensive bibliography on hypertext, formed by operational, practical and philosophical 
contributions, in which it stands out that it is not possible to organize a connected study like 
an hypertext, and for this reason, we propose the Hyper-representation as solution, as a new 
tool for viewing, understanding, communicating and providing a rapid and accurate 
analysis of a large quantity of complex data. If the term Hyper-representation is today used 
in cinema, legal or psychoanalytical fields, it is in the history of ideas and philosophy that 
we can find the most original and interesting remarks: Hyper-representation is seen as an 
immense system of representation, a way to demonstrate and show the idea of a complex 

 

object through its appearance here and now (Nancy, 2002). Also the scholar Baudrillard 
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In scientific field the proposal of the research team (S. Foresti, J. Bermudez, D. Westenskow, 
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is interesting: it develops a visual program (IntuInfo+) involving multidisciplinary 
contributions (architecture, mathematics, science, etc..) with the aim of creating a 
coordinated and interactive Hyper-representation, which helps to understand medical and 
physiological data for diagnostic purposes in a simple and immediate way. 
In art the work by Michael Naimark is remarkable. Working in the field of cinematography, 
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the difference between the scales of representation and that its methods can generate 
different level of readings); 

 planning and testing the Hyper-representation, as part of the GIS, considering it as a 
coordinated and interactive system of data, in an easy and immediate format of 
knowledge; in particular: planning 3D models with not only geometric but also semantic 
and descriptive contents; according to the recent OGC standards (Open Geospacial 
Consortium); identification/testing/development of methods for creating these special 3D 
models; testing tools for surfing and querying these models, possibly through the Web; 

 implementation of the metric and formal elements through a classic survey, setting the 
limits of the constructed buildings and checking the space size and their formal definition, 
not ignoring their values and meanings (formal and structural study of surfaces, which 
constitutes the spaces, and their mutual intersections, can be viewed not only in 
orthogonal projections, but also in three-dimensional virtual space freely oriented);  

 projective control and analysis of surface, not only using preferential points of view 
(axonometries and perspectives) but mainly dynamic observation (interactive movies and 
'immersive projection'); 

 testing of topological elements that are essential to guide and to define the system of 
relations and links, because it presides over any process of semantic and geometric 
organization of data.  

The Hyper-representation of Almerico-Capra villa develops this aspect of geometry, no 
longer as a sum of rigid formulas and theorems, but rather as set of laws that regulate the 
formation of any structure and space, therefore, as the geometric configuration of the 
architectural and urban spaces have a specific and important role, not only in representation 
but also in the act of building as well as in the intellectual and graphic design, with Hyper-
representation we want to facilitate a deeper knowledge and correct translation of the real 
data with static drawings and dynamic images, assuring a very rich number of choices and 
alternatives, all connected to the primary structure, communicating also the possible 
intervention acts to modify the same reality. 

 
3. The Hyper-representation of the villa Almerico-Capra landscape 
 

In contemporary culture, landscape consists of two fundamental aspects: a subjective 
dimension, as perceptions derived from the knowledge of a place, and an objective one, 
from which real elements and phenomena emerge in the geographical space. So, on one 
side, landscape is an expanded representation produced at an individual level, a source of 
feelings and emotions, that can be communicated through verbal and figurative language; 
and on the other side, it is considered as a territorial system with environmental and 
morphological qualities (Tosco, 2007). The complexity inherent in the concept of landscape 
arises from a strange ambiguity, because the term denotes at the same time the object and its 
representation. But the analysis is not yet complete, it is necessary to take into consideration 
the human interventions and the resulting changing of the territory over time.  
The Hyper-representation of villa Almerico-Capra, named the Rotonda, in the section 
devoted to landscape, intends to collect and show all the elements of its environmental 
context, because the monument can not be considered as an isolated object: a masterpiece of 
art can be really understood only inside its world, history and territory. The creation of a 
digital platform, a solid and orbiting model, can be consulted and allows a coordinated 
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Fig. 2. Connection in the Hyper-representation between territory and country. 

 

Fig. 3. Connection in the Hyper-representation between territory and road. 
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System-management of the available data (photographs, environmental data, documentary 
sources, maps, filing, etc..), furthermore the translation as "solid" information promotes the 
convergence on landscape of all the interdisciplinary investigations. 
The Hyper-representation keeps information open to updating for future acquisitions(open 
to future acquisitions or updating), derived from direct analysis on the ground or from 
further studies of archival sources. Unlike other computer systems, the effort of Hyper-
representation is to create, through the 3D model, an immediate visual communication of 
the contribution of the different disciplines, to direct the search to a specific strand or to 
promote a sort of consonantia universalis from an immediate comparison of the data. 
Starting from a solid portion of the environment, which lies around the Rotonda, it is 
possible to begin the path of landscape analysis through the four main selectable categories: 
"The territory", the "road system", the "urban development" and the "context" of the villa. 
For each of these paths one can find the contributions of subjective (maps, historical 
documents and iconographic, pictorial representations, photographs, verbal descriptions) 
and objective types (natural or man-made elements such as climate, topography, vegetation, 
urban organization, building types, spatial functions etc.). 
After selecting the territory (fig. 2), the same portion of space is shown with a zenithal 
photograph to display the three-dimensional country, hill, industrial and urban appearances 
of  landscape, whose links lead to a further study: quantitative surveys in the economic, 
demographic, productive sectors and so on, but especially the comparison between the 
transformation of the area over time. 
The hills have the advantage to be immediately discernible compared to the plain, which is 
characterized by a dense agricultural subdivision known as centuriatio, this testifies the 
survival of the Roman technique for the control and development of the territory; usually 
the centuriatio began close to an urban center, to keep the political control on territory, which 
was connected to the administrative center through streets and waterways (Ackerman, 
2003). As for the country, also for the Berici hills, around Vicenza, along which there is the 
Rotonda, it is possible to start from the solid model to obtain information relating to the 
artistic aspect (literary and pictorial evidence) and to the geographical and natural links 
(flora, fauna, business etc.). 
The road system (fig. 3) plays a primary role in the development of an area and for this 
reason a specific path was dedicate to it in the Hyper-representation of the landscape. 
Selecting the lines of communication it is possible to distinguish between waterways, major 
routes, secondary roads and railway connections. Also in this case, the references to data for 
a further study are readily available through the solid model; the relations on the road 
system are not limited to an analysis of the current range but are widened also over time in 
order to compare the changes of routes and their different utilizations. Some economic 
reasons, first of all the location near the main communication routes and waterways, 
essential for irrigation and transport, assume a key role in life and organization of the 
territory. The Bacchiglione River, this specific example, was the main communication route 
between the city of Vicenza and the rest of the region, from hinterland to the lagoon. 
The urban system (fig. 4) and the anthropic development and transformation are themselves 
subject of study and can not be separated from the landscape. Only the knowledge of forms, 
structures and types is able to provide a concrete basis to the economic and social 
intervention. The spatial analysis, in all its aspects, highlights the structure of human 
geography and its potential. The most significant pattern in this case is the clear relationship 

 

between building and territory. The works of man can not be analyzed as a closed 
phenomenon, but they need to be studied in relation to environmental conditions and 
processes, involving the entire area. The analysis of the city involves the geographical space, 
observing the organization on a large scale and taking into account traffic, agricultural 
partitions and infrastructures: the eye of those who see this particular path, through the 
Hyper-representation, skims over ground and turns its interest to the historical maps, 
offering a zenithal view to supply valuable information and to reconstruct the landscapes of 
the past and present. 
The last digital proposal (fig. 5) collects what has been emphasized in the previous paths 
passages, but it synthesizes all the researches in relation to the Rotonda. A group of data 
focuses on the descriptions and evocations of the villa, in particular with regard to the 
pleasures it offers to the owners. These writings deal only marginally with times and 
problems attached to agriculture, and concern rather to the enjoyment of nature and otium; 
the issues related to the "barchesse", their functions and role in the villa are connected to the 
Hyper-representation of other Palladian examples. 
There are as well additional guidance regarding to the choice of the site where to construct 
the villa: spatial data on the safety of the place and its configuration, the ground all around 
the Rotonda is pending; some views that emphasizes the orientation of the building, south-
east facing to benefit from warmth in winter and coolness in summer. The relationship 
between of closeness and connection of the villa to the city of Vicenza has also been 
represented, and for Palladio, this aspect involves considerations of an economic nature. In 
his treatise of 1570, Palladio describes the site of the Rotonda as a theatrical scene, perhaps 
in homage to the anphiteatrum of Plinio: "… il sito è de gli più ameni, e dilettevoli che si 
possano ritrovare: perche è sopra un monticello di ascesa facilissima, et è da una parte 
bagnato dal Bacchiglione fiume navigabile, e dall'altra è circondato da altri amenissimi colli, 
che rendono l'aspetto di un molto grande Theatro". The Primary aim of the rich owner of the 
Rotonda was not comfort or profit enterprise, but the representation, of the message of 
strength, greatness and majesty, public recognition of the power: his villa, located on top of 
a hill was designed to be seen and admired by everyone on each side. The elevations are 
equally impressive and face the main roads and consists of, as in other Palladian villas, a 
pediment over columns. The composition is a mix between the ancient temple and the 
imagination of Palladio, as can be deduced from a series of studies, shown in the Hyper-
representation, relating the landscape of the Rotonda with some hypothetical reconstruction 
of the monumental complex by Palladio. These drawings can not be considered 
archaeological reconstructions, but rather, a fantasy project that considers the landscape as 
the place in which to relate a political symbolism and a drama. The Rotonda is a well known 
and familiar building that it is now considered an integral part of the territory and culture, 
so it belongs to its landscape. This visual addiction drives us to forget how fantastic, witty 
and magnificent the villa appeared to his contemporaries. 
The experiment made on landscape with Hyper-representation can be enriched and 
expanded, depending on the theme to deepen, but one can also go further and move to a 
larger or more restricted scale, from region to single architecture, this last case is the object 
of the analysis of the next Hyper-representation to show all the aspects which concern the 
architecture in its constitutive elements. 
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After selecting the territory (fig. 2), the same portion of space is shown with a zenithal 
photograph to display the three-dimensional country, hill, industrial and urban appearances 
of  landscape, whose links lead to a further study: quantitative surveys in the economic, 
demographic, productive sectors and so on, but especially the comparison between the 
transformation of the area over time. 
The hills have the advantage to be immediately discernible compared to the plain, which is 
characterized by a dense agricultural subdivision known as centuriatio, this testifies the 
survival of the Roman technique for the control and development of the territory; usually 
the centuriatio began close to an urban center, to keep the political control on territory, which 
was connected to the administrative center through streets and waterways (Ackerman, 
2003). As for the country, also for the Berici hills, around Vicenza, along which there is the 
Rotonda, it is possible to start from the solid model to obtain information relating to the 
artistic aspect (literary and pictorial evidence) and to the geographical and natural links 
(flora, fauna, business etc.). 
The road system (fig. 3) plays a primary role in the development of an area and for this 
reason a specific path was dedicate to it in the Hyper-representation of the landscape. 
Selecting the lines of communication it is possible to distinguish between waterways, major 
routes, secondary roads and railway connections. Also in this case, the references to data for 
a further study are readily available through the solid model; the relations on the road 
system are not limited to an analysis of the current range but are widened also over time in 
order to compare the changes of routes and their different utilizations. Some economic 
reasons, first of all the location near the main communication routes and waterways, 
essential for irrigation and transport, assume a key role in life and organization of the 
territory. The Bacchiglione River, this specific example, was the main communication route 
between the city of Vicenza and the rest of the region, from hinterland to the lagoon. 
The urban system (fig. 4) and the anthropic development and transformation are themselves 
subject of study and can not be separated from the landscape. Only the knowledge of forms, 
structures and types is able to provide a concrete basis to the economic and social 
intervention. The spatial analysis, in all its aspects, highlights the structure of human 
geography and its potential. The most significant pattern in this case is the clear relationship 

 

between building and territory. The works of man can not be analyzed as a closed 
phenomenon, but they need to be studied in relation to environmental conditions and 
processes, involving the entire area. The analysis of the city involves the geographical space, 
observing the organization on a large scale and taking into account traffic, agricultural 
partitions and infrastructures: the eye of those who see this particular path, through the 
Hyper-representation, skims over ground and turns its interest to the historical maps, 
offering a zenithal view to supply valuable information and to reconstruct the landscapes of 
the past and present. 
The last digital proposal (fig. 5) collects what has been emphasized in the previous paths 
passages, but it synthesizes all the researches in relation to the Rotonda. A group of data 
focuses on the descriptions and evocations of the villa, in particular with regard to the 
pleasures it offers to the owners. These writings deal only marginally with times and 
problems attached to agriculture, and concern rather to the enjoyment of nature and otium; 
the issues related to the "barchesse", their functions and role in the villa are connected to the 
Hyper-representation of other Palladian examples. 
There are as well additional guidance regarding to the choice of the site where to construct 
the villa: spatial data on the safety of the place and its configuration, the ground all around 
the Rotonda is pending; some views that emphasizes the orientation of the building, south-
east facing to benefit from warmth in winter and coolness in summer. The relationship 
between of closeness and connection of the villa to the city of Vicenza has also been 
represented, and for Palladio, this aspect involves considerations of an economic nature. In 
his treatise of 1570, Palladio describes the site of the Rotonda as a theatrical scene, perhaps 
in homage to the anphiteatrum of Plinio: "… il sito è de gli più ameni, e dilettevoli che si 
possano ritrovare: perche è sopra un monticello di ascesa facilissima, et è da una parte 
bagnato dal Bacchiglione fiume navigabile, e dall'altra è circondato da altri amenissimi colli, 
che rendono l'aspetto di un molto grande Theatro". The Primary aim of the rich owner of the 
Rotonda was not comfort or profit enterprise, but the representation, of the message of 
strength, greatness and majesty, public recognition of the power: his villa, located on top of 
a hill was designed to be seen and admired by everyone on each side. The elevations are 
equally impressive and face the main roads and consists of, as in other Palladian villas, a 
pediment over columns. The composition is a mix between the ancient temple and the 
imagination of Palladio, as can be deduced from a series of studies, shown in the Hyper-
representation, relating the landscape of the Rotonda with some hypothetical reconstruction 
of the monumental complex by Palladio. These drawings can not be considered 
archaeological reconstructions, but rather, a fantasy project that considers the landscape as 
the place in which to relate a political symbolism and a drama. The Rotonda is a well known 
and familiar building that it is now considered an integral part of the territory and culture, 
so it belongs to its landscape. This visual addiction drives us to forget how fantastic, witty 
and magnificent the villa appeared to his contemporaries. 
The experiment made on landscape with Hyper-representation can be enriched and 
expanded, depending on the theme to deepen, but one can also go further and move to a 
larger or more restricted scale, from region to single architecture, this last case is the object 
of the analysis of the next Hyper-representation to show all the aspects which concern the 
architecture in its constitutive elements. 
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Fig. 4. Connection in the Hyper-representation between territory and urban system. 
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4. The Hyper-representation of villa Almerico-Capra architecture 
 

When an architectural masterpiece needs to be represented, the initial problem is to collect 
and integrate all the information suitable for a correct interpretation of the studied case: 
designing an architecture does not mean only to reproduce faithfully the configuration of its 
space, through traditional methods of representation – orthogonal projection, axonometry or 
perspective –, but this act requires a careful and meticulous analysis of the building, 
achieved through the integration of the most relevant sources and aimed at a rational 
interpretation of the geometric surfaces, to create an in-depth and exhaustive work in all his 
aspects. The Hyper-representation of architecture arises from the need to collect a sort of 
interactive database, all documentation relating to the building, consisting not only of 
historical, graphic, and photographic elements, but also of the sum of the bibliographical 
literature on which our research is based. In other words, the purpose of Hyper-
representation of an architectural masterpiece is to create a tool for the dissemination of 
scientific knowledge, useful for an external user: it is possible to start from a wide and 
general aspect and obtain more detailed information of every kind of element that forms the 
architecture. The reported example is referred to the Hyper-representation of one of the 
most celebrated villa of the Paduan architect Andrea Palladio, built near Vicenza: Almerico-
Capra villa, known as the Rotonda, about which there are a lot of historical, photographic 
and literary evidences, focal point of our research, as well as a graphic documentation 
consisting of direct measurements and metric surveys that allowed to construction of a 
three-dimensional digital model. The visualization of this digital clone, that orbits in a 
virtual space, is the main page from which the links of the representative system – similar to 
those that can be found in the structure of a common hyper-text –  depart.  
This villa, presumably erected between 1567 and 1569 for the Canon Paolo Almerico, meets 
all the aspect of an aristocratic Renaissance architecture, i.e. it is a construction that forms 
the landscape (Assunto, 1990). The Rotonda, located on the top of a hill near the city, is a 
sophisticated and suburban residence, able to perform the function of representation; it has 
a central plan, obtained by the intersection of a square with a Greek-cross. The building – 
rotated 45 degrees in relation to the cardinal points, so that the interiors have a similar 
exposure to the sun - is completely symmetrical with respect to the two main axes; the four 
equal façades consist of a porch composed of a pediment supported by six Ionic columns, 
leading to the central room topped by a dome. Plan, elevation and section of this 
architecture are depicted in the famous Treaty written by Andrea Palladio and entitled I 
Quattro Libri dell'Architettura, dating back to 1570, but these drawings are different  from the 
actual realization of the building because they had only a symbolic and theoretical meaning, 
without involving in any way the intentions of the architect. From other studies it is possible 
to deduce that the Rotonda is clearly to consider a civil building of Palladio concluded and 
even exalted by the dome, which was usually a peculiarity of the sacred architecture 
(Semenzato, 1990).  
The structure of Hyper-representation is articulated in such a way that the house is located 
in its landscape (fig. 6) so that the relationship with the nature of the place and the main 
lines of communication are emphasized and analyzed.  
The homepage of the Rotonda, alludes to the structure of a common website so that the 
usability  is more simple and immediate, because it offers the virtual model of the house 
including the large surrounding park and the agricultural annexes, provided in Palladio's 
planning (fig. 7); they can be individually questioned by the user as they orbit into the space. 

 

Fig. 6. Connection in the Hyper-representation from landscape to villa. 
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Fig. 7. Connection in the Hyper-representation between villa and its parts. 

 

A reference system properly oriented on the cardinal points, is able to refer, clearly, the 
whole structure of Palladio not only with its immediate surrounding, but also with the 
landscape related to the entire territory. The main elements, and the secondary ones, can be 
further questioned, selecting them, one by one, with a simple click of the mouse, broken up 
into their individual components, that are so broadened from the whole architecture. A 
multimedia journey leads the user to examine every single aspect of the residence: a sort of 
matryoshka of representation, the representation within the representation, constantly 
evolving and constantly updated; it can be implemented within the architectural structure of 
the Hyper-representation. The following organization chart (fig. 8) identifies the four major 
sections which form the structure of our Hyper-representation, which is the continuous 
reference from a series of links to the available documents. 
 

 
Fig. 8. Structural system of the Hyper-representation in the architecture. 
 
Questioning, for example, the digital model, consulting directly the surfaces of Almerico-
Capra villa, it is possible to go through a clear visualization of the vaulted system overlying 
the rooms, highlighting the geometric genesis of surfaces that compose the building. The 
vault, taken out of context, is linked to the historical references of the territory, from which 
the architect may have taken inspiration during the planning of the masterpiece (figg. 9-10). 
This process, easy to read, applied to all elements of the clone, highlights the formal and 
forming aspects of the represented object. Furthermore, it is an example of the Hyper-
representation, valid and extensible to all the buildings in the territory: the virtual journey 
into the Andrea Palladio's architecture embraces all the concepts that concern both the 
architect and his project, but there are also some intrinsic information relating to other 
subject that go beyond the design of architecture, also if the representation can not fail to 
consider them. 
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sections which form the structure of our Hyper-representation, which is the continuous 
reference from a series of links to the available documents. 
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Questioning, for example, the digital model, consulting directly the surfaces of Almerico-
Capra villa, it is possible to go through a clear visualization of the vaulted system overlying 
the rooms, highlighting the geometric genesis of surfaces that compose the building. The 
vault, taken out of context, is linked to the historical references of the territory, from which 
the architect may have taken inspiration during the planning of the masterpiece (figg. 9-10). 
This process, easy to read, applied to all elements of the clone, highlights the formal and 
forming aspects of the represented object. Furthermore, it is an example of the Hyper-
representation, valid and extensible to all the buildings in the territory: the virtual journey 
into the Andrea Palladio's architecture embraces all the concepts that concern both the 
architect and his project, but there are also some intrinsic information relating to other 
subject that go beyond the design of architecture, also if the representation can not fail to 
consider them. 
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Fig. 9. Connection in the Hyper-representation between villa and vaulted system. 

 

 
Fig. 10. Connection in the Hyper-representation between vaulted system and its geometrical 
genesis. 
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5. Conclusion 
 

This research dealt with the organization of a particular hyper-textual code, the Hyper-
representation, which, according to the rules of representation, allows knowledge, 
understanding and communication of architectural and urban spaces. The aim is, thus, to 
provide a tool for organizing an act as information and transmission system not only of the 
evidential reality, the physical place, but also, a more hidden reality, not easy to read, which 
contributes to the creation of an architecture or a city (the designed place of research, of 
knowledge and testing,  where there are traces of processes, theories, and cultural links). 
Our proposal is to establish a Hyper-representation, through which to develop a "form" of 
innovative display, to facilitate analysis and testing a large amount of complex evolving 
data, in an accurate and rapid way. Hyper-representation considers as one can more easily 
understand a 3D geometric model and wants to map the evolving data and their properties 
on three-dimensional objects, to obtain changing objects related to their dynamic and 
effective changes. In other words, this special view allows the user to understand, also 
intuitively, every kind of change: geometric, positional, dimensional, chromatic properties 
and so forth, contributing to a profound learning, even more intuitive, of the represented 
reality. As mentioned, methodologies and technologies of the Hyper-representation must 
involve interacting, organized inputs and multi-disciplinary efforts, not only expert people 
in representation, but also in history. sociology, architecture, computer science, 
communication, etc. all these figures have to produce their contribution, but representation 
has the main task to transmit in the proper manner knowledge.  
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1. Abstract 
 

SWAP-SIVI is the 3º consecutive project from IDECA group (Research and Development of 
Audiovisual Contents) and belongs to the College of Fine Arts at the University of Castilla-
La Mancha, Cuenca. 
SWAP-SIVI proposes to elaborate new communication systems for our owns needs, as 
university teachers and as artists, in order to get better media at university work spaces and 
to open it to many foreign students from the Erasmus Program. 
The project explores the real possibilities of this application in teaching tasks, as well as 
exploring a more open and flexible concept for students at university centers. SWAP-SIVI 
offers technological tools for needs of contemporary artistic creation. 
SWAP-SIVI project is divided in three essential parts: 
1.1. SWAP is centered on designing software with an interactive interface for complex 
operations in the creation of tools and teaching tasks. SWAP proposes creating a suite in 
order to amplify and make the contents steps better in art teaching. Usuers will be able to 
create a didactical space in a little time and with limited knowledge of technological tools.  
The contents can be defined by the user depending on their specific needs: audiovisual 
information, links, work proposals, forums, spaces for analysis and debate, exchange and 
intercommunications spaces, and so on. SWAP will contribute to one of the more important 
objectives in the European University plans of the Bologna agreement. 
1.2. SIVI is more ambitious and is focused on creating a bidirectional communication system 
in real time for the exchange of information. This proposal comes from professional systems 
like Windows XP Messenger but advance in independent software development. This 
system can be useful in new E-learning processes and can be expanded to interdisciplinary 
communication in artistic creation, especially in audiovisual contents. Conceptually, the 
system is similar to videoconference but it tries to provide an additional step in order to 
adjust it to specifics needs and tasks, with a simple and light kit: a webcam, computer and 
system access. 
1.3. The third part of this project is dedicated to the creation of a digital archive of 
audiovisual contents. This file is consists of audiovisual content for the teaching of art and 
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meeting point for the implementation of SIVI. In the future we hope to expand the frontiers 
of physical space for teaching with the proposed SIVI system in order to advance 
communication systems for operating in real time and give answers to an important 
challenge of our times. 
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Within this context, the IDECA Group, created in 1998 in the College of Fine Arts of Cuenca, 
has been working on distinct research initiatives aimed at establishing a platform or 
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in the virtualization of specific teaching tasks in the area of Spanish higher education. During 
this time, this work space and research has advanced and been consolidated with an 
adequate infrastructure from which the new challenges, like artistic creativity and 
expression, that contemporary art instruction presents are being met. Regional and national 
institutions in the area of science and technology in Spain have granted IDECA Group with 
four consecutive Research and Development projects, which has made the fusion of a 
technological base and line of work within the University of Castilla -La Mancha a reality.  
IDECA Group’s work is centered on the dialogue between the instruction of art, the creation 
and production of digital contents and information and communications technology. The 
last research project undertaken by IDECA Group was titled SWAP-SIVI and was divided 
into two different parts under one focus--new E-learning tasks. This project consists of a 
double-faceted objective: 1) to create a digital archive of contents to be available to 
university students and researchers to assist in documentation and critical analysis and 2) to 
develop tools specific to E-learning in order to facilitate the presence and diffusion of 
contents through the new possibilities that the Internet presents. In order to do this, SWAP-
SIVI has focused on researching advanced communication systems that could be used in the 
achievement of these objectives.  

By definition, E-learning consists of supplying educational programs and learning systems 
through electronic means. E-learning is based on the use of a computer or other electronic 
devices (such as a mobile phone) in order to provide educational material to students and 
educators alike. The term E-learning, or electronic learning, applies to a wide range of 
applications but also processes, like Web-based learning, computer-based training, virtual 
classes and digital collaboration (group work). All of these fields inherited by distance 
education created the basis for the development of E-learning, which have come to solve 
some of the difficulties presented by distance and traditional learning methods like timing, 
schedules, attendance and trips, among others. 

 
2.1 Diverse definitions of E-learning 
In general terms, the concept of E-learning is easily understood by most people. Even still, a 
precise definition of this term is needed. In order to give an idea of the variations that 
currently exist of the concept of electronic learning, the most common definitions are 
presented below.  
An imprecise conception of E-learning would be one that principally defines it as an 
electronic means for distance or virtual learning in which one can interact with professors 
over the Internet and where the user is the person who manages the schedules, making it a 
completely autonomous means.  
E-learning literally means electronic learning. However, technically E-learning is the posting 
of educational material via electronic means, including the Internet, intranets, extranets, 
audio, video, satellite systems, interactive television, CD and DVD, to name a few.  
From the point of view of educators, E-learning is the use of systems and communication 
technology to design, select, administer, deliver and extend education, allowing for more 
fluid and dynamic communication among students and teachers/professors.  
Being more descriptive, electronic learning is the instruction of students using materials 
available through any means of electronic diffusion, which is capable of offering a wide 
range of options not possible with traditional education, like audio and video flow, 
PowerPoint presentations, links to information relevant to a topic on the Web, animation, 
electronic books and applications for image production and editing, among others. 

 
2.2 Advantages of E-learning 
Now that the frame of reference of E-learning is defined, the advantages that said 
educational programs offer over other educational formats must be identified. These 
advantages include the following: 
Greater productivity: The solutions that electronic learning offers, like Web-based training 
(WBT) and computer-based training (CBT), allow students to study from their own desks 
and, in this way, education is delocalized. The direct accessibility of courses can decrease 
dead time that low productivity brings with it as well as help to eliminate travel costs and 
costs associated with the use of physical space. 
Multiple training: While any new program or service is being established, E-learning can 
provide knowledge about the processes and applications of said service or program 
simultaneously to many participants. Unlike with traditional education, the number of 
students is not an important factor for e-Learning programs due to its individualized form 
of instruction that it provides the students. 
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Flexible training: An e-Learning system is generally of a modular design. In some cases, 
participants can choose their own route of learning and help shape the concepts that are 
lacking or need more attention. Additionally, users can mark certain sources of information 
as reference, facilitating the processes of change and increasing the benefits of the program. 
Cost savings per participant: One of the greatest benefits of E-Learning is found in the total 
cost of training per student since it is much lower than in a traditional system guided by an 
instructor. However, e-Learning programs that are specially designed or “made to order” 
can be more costly at first due to the labor involved in the design itself and the development 
of such a system. 

 
2.3 Designing the education of tomorrow 
Despite the existence of firms and public administrations that offer e-Learning solutions, 
which include content developed by experts, administration platforms and infrastructures 
and other services, the acceptance of these technologies is still not what it should be. The 
adoption of e-Learning has been slow in part because of cultural barriers inherited from 
traditional educational systems.  
The mobilization of educational and cultural communities, public as well as private, such as 
economic and social sectors, is crucial in order to accelerate changes in education systems 
and training so that our countries can move toward a society based on knowledge and its 
diffusion.  
One e-Learning initiative could be a way to update our educational system and help adapt it 
to the new educational plans such as the Bologna framework plan. At the same time, 
through electronic education components, the abilities and tool necessary for success in a 
globalized society, based on knowledge and new technology, could be provided to the 
entire community. Those who find themselves more interested in these types of projects are 
educational institutions due to their great cost reduction and educational benefits, for the 
students as well as the institution itself, which is a great incentive. 

 
2.4 Client server benefits 
All the tools developed under the SWAP-SIVI project during the last three years oriented 
around e-Learning services are applications of the client-server, henceforth C/S, type. This 
classification of electronic architecture consist of a client program from which educators and 
students personally use in order to carry out requests to another program—the server—
which is in charge of giving a response, in effect facilitating the information requested. 
Although this idea can be applied to programs that are only executed from one computer, a 
multi-user operating system distributed through a network of computers is more beneficial. 
The processing capacity in this type of architecture is split between clients and servers, 
although the organizational advantages are greater due to the centralization of information 
management and the separation of responsibilities, which facilitates and clarifies the design 
of the system.  
The separation of client and server is logical when the server is not executed from one 
machine necessarily nor is it only one program, as in the case of the SIVI application. The 
specific types of servers include Web servers, archive servers, mail servers, etc. While the 
purposes vary from one service to another, the basic architecture remains the same. 

Client characteristics 
 In C/S architecture, the sender of a request is known as the client. Among its 

characteristics, the following must be highlighted: 
 The client is the one who makes a request. So, the client has an active role in the 

communication process. 
 Once the request has been made, the client waits and receives responses from the 

server.   In general, the client can connect to multiple servers at the same time. 
 The interaction between final users is done through a graphic user interface, 

maintaining the process of communication hidden. 
Server characteristics 
In C/S systems, the receiver of the request sent by the client is known as the server. It has 
the following characteristics: 
Initially, the server waits for requests from the client and then performs a passive role in the 
communication process. 
After receiving a request, the server processes it and sends a response to the client. 
Generally speaking, the server accepts connections from a great number of clients (in certain 
cases, the maximum number of requests is limited). 
It is not usual for the server to interact directly with final users. 

 
3. Digital Archive and IDECA Contents 
 

For internal strategy reasons, the first part of the project was the creation of a large archive 
of digital contents. In order to do this, we obtained professional audiovisual content 
management software, with the funds assigned to the project under inventory material, 
which made for quick and efficient work in terms of the necessary operations of information 
transfer. 
After studying the possibilities that the market offered and the investing capacity of IDECA 
Group, we were inclined to acquire a British platform, FACILIS TERRABLOCK, which was 
the best fit for our objectives and expectations. The necessary infrastructure of fiber optic 
cable was put into place for the installation of the system and was situated in proper 
refrigeration and acoustic isolation conditions. 
During the three years of project development, we proceeded with the digitalization of 
iconic material contents, namely films, documentaries and photographs. This process was 
long and laborious, keeping in mind that it was necessary to digitalize image and sound 
originating from analogue sources. With the help of a specialist technician, hired with use of 
the funding assigned to Research Personnel, this task of information conversion was carried 
out and the number of titles converted surpassed the 500 original entries, which is a 
formidable base, but insufficient for the system’s capacity. For this reason, IDECA Group set 
out to continue in archive conversion in its fourth year of R+D. The idea was to reach double 
that number in approximately the next three years, for a total of 1,000 digital documents 
available for documentation and analysis services. 
Independently of the software itself and the operations it allows, we have designed an 
internal system in order assist in the task of document searches. This system is searched 
either by material or alphabetical order of author or work, which allows for a speedy 
localization of any material in the system’s database. 
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2.4 Client server benefits 
All the tools developed under the SWAP-SIVI project during the last three years oriented 
around e-Learning services are applications of the client-server, henceforth C/S, type. This 
classification of electronic architecture consist of a client program from which educators and 
students personally use in order to carry out requests to another program—the server—
which is in charge of giving a response, in effect facilitating the information requested. 
Although this idea can be applied to programs that are only executed from one computer, a 
multi-user operating system distributed through a network of computers is more beneficial. 
The processing capacity in this type of architecture is split between clients and servers, 
although the organizational advantages are greater due to the centralization of information 
management and the separation of responsibilities, which facilitates and clarifies the design 
of the system.  
The separation of client and server is logical when the server is not executed from one 
machine necessarily nor is it only one program, as in the case of the SIVI application. The 
specific types of servers include Web servers, archive servers, mail servers, etc. While the 
purposes vary from one service to another, the basic architecture remains the same. 

Client characteristics 
 In C/S architecture, the sender of a request is known as the client. Among its 

characteristics, the following must be highlighted: 
 The client is the one who makes a request. So, the client has an active role in the 

communication process. 
 Once the request has been made, the client waits and receives responses from the 

server.   In general, the client can connect to multiple servers at the same time. 
 The interaction between final users is done through a graphic user interface, 

maintaining the process of communication hidden. 
Server characteristics 
In C/S systems, the receiver of the request sent by the client is known as the server. It has 
the following characteristics: 
Initially, the server waits for requests from the client and then performs a passive role in the 
communication process. 
After receiving a request, the server processes it and sends a response to the client. 
Generally speaking, the server accepts connections from a great number of clients (in certain 
cases, the maximum number of requests is limited). 
It is not usual for the server to interact directly with final users. 

 
3. Digital Archive and IDECA Contents 
 

For internal strategy reasons, the first part of the project was the creation of a large archive 
of digital contents. In order to do this, we obtained professional audiovisual content 
management software, with the funds assigned to the project under inventory material, 
which made for quick and efficient work in terms of the necessary operations of information 
transfer. 
After studying the possibilities that the market offered and the investing capacity of IDECA 
Group, we were inclined to acquire a British platform, FACILIS TERRABLOCK, which was 
the best fit for our objectives and expectations. The necessary infrastructure of fiber optic 
cable was put into place for the installation of the system and was situated in proper 
refrigeration and acoustic isolation conditions. 
During the three years of project development, we proceeded with the digitalization of 
iconic material contents, namely films, documentaries and photographs. This process was 
long and laborious, keeping in mind that it was necessary to digitalize image and sound 
originating from analogue sources. With the help of a specialist technician, hired with use of 
the funding assigned to Research Personnel, this task of information conversion was carried 
out and the number of titles converted surpassed the 500 original entries, which is a 
formidable base, but insufficient for the system’s capacity. For this reason, IDECA Group set 
out to continue in archive conversion in its fourth year of R+D. The idea was to reach double 
that number in approximately the next three years, for a total of 1,000 digital documents 
available for documentation and analysis services. 
Independently of the software itself and the operations it allows, we have designed an 
internal system in order assist in the task of document searches. This system is searched 
either by material or alphabetical order of author or work, which allows for a speedy 
localization of any material in the system’s database. 
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Flexible training: An e-Learning system is generally of a modular design. In some cases, 
participants can choose their own route of learning and help shape the concepts that are 
lacking or need more attention. Additionally, users can mark certain sources of information 
as reference, facilitating the processes of change and increasing the benefits of the program. 
Cost savings per participant: One of the greatest benefits of E-Learning is found in the total 
cost of training per student since it is much lower than in a traditional system guided by an 
instructor. However, e-Learning programs that are specially designed or “made to order” 
can be more costly at first due to the labor involved in the design itself and the development 
of such a system. 

 
2.3 Designing the education of tomorrow 
Despite the existence of firms and public administrations that offer e-Learning solutions, 
which include content developed by experts, administration platforms and infrastructures 
and other services, the acceptance of these technologies is still not what it should be. The 
adoption of e-Learning has been slow in part because of cultural barriers inherited from 
traditional educational systems.  
The mobilization of educational and cultural communities, public as well as private, such as 
economic and social sectors, is crucial in order to accelerate changes in education systems 
and training so that our countries can move toward a society based on knowledge and its 
diffusion.  
One e-Learning initiative could be a way to update our educational system and help adapt it 
to the new educational plans such as the Bologna framework plan. At the same time, 
through electronic education components, the abilities and tool necessary for success in a 
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out to continue in archive conversion in its fourth year of R+D. The idea was to reach double 
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Independently of the software itself and the operations it allows, we have designed an 
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multi-user operating system distributed through a network of computers is more beneficial. 
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although the organizational advantages are greater due to the centralization of information 
management and the separation of responsibilities, which facilitates and clarifies the design 
of the system.  
The separation of client and server is logical when the server is not executed from one 
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During the three years of project development, we proceeded with the digitalization of 
iconic material contents, namely films, documentaries and photographs. This process was 
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originating from analogue sources. With the help of a specialist technician, hired with use of 
the funding assigned to Research Personnel, this task of information conversion was carried 
out and the number of titles converted surpassed the 500 original entries, which is a 
formidable base, but insufficient for the system’s capacity. For this reason, IDECA Group set 
out to continue in archive conversion in its fourth year of R+D. The idea was to reach double 
that number in approximately the next three years, for a total of 1,000 digital documents 
available for documentation and analysis services. 
Independently of the software itself and the operations it allows, we have designed an 
internal system in order assist in the task of document searches. This system is searched 
either by material or alphabetical order of author or work, which allows for a speedy 
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Despite the size of the archive and the infrastructure possibilities for posting content to a 
network through a server, the necessary copyrights of the digitalized works makes it so that 
the material can only be used internally and is for the exclusive use of students and 
professors in regional, national or international education fields. In no way is the material 
put on a network. The viewing takes place in a room constructed for this purpose with TFT 
screens and headphones at stations for an individualized and controlled use of the material.  
Copying of the entire material or segments is not allowed under any circumstance; it can 
only be viewed as many times as required and for justified reasons. As a result of this 
research project, the IDECA Digital Archive functions as a small cinema and provides two 
things: 1) a place where useful references can be found to complement the formative task of 
art teaching and 2) a place of references for artistic creation, namely the production of new 
digital contents. The first use would be auxiliary to a theoretical and critical task and the 
second as help and reference for a practical project. 
In this way, the IDECA archive is based in a fiber optic Terrablock server connected to two 
control points in Mac and PC systems. These points are in charge of the archive 
management and maintenance duties and function as the only points of access to the server 
as from them all the internal tasks of the system are carried out. From these control points 
we can also respond to requests and searches made from any of our intranet points, such as 
a material search. These control points are then also connected to two other permanent 
search and viewing posts within the facilities belonging to the IDECA research group. 
The Terrablock system uses a modular storage system through removable hard drives 
between a 250 Gigabyte and 750 Gigabyte capacity in sections of twelve. Currently, due to 
the storage requirements of the project, we have one server with a total capacity of three 
Terabytes divided into twelve removable hard drives. 
The control points used in the maintenance and management of the server are composed of 
a team of four nuclear G5 Macintoshes for editing tasks and to work on the archives, along 
with one being a Windows system for more administrative functions. 
The internal circuit with access to the system is not common in European Art centers and 
institutions where normally physical archives can be found but not digital archives from 
which interactive functions can be performed within a creative, expressive or artistic 
process. Having archives function as a documentation space, and in this case also as a place 
of creation with the use of interactive tools developed during other phases of the general 
SWAP-SIVI project, is a common denominator. This is the real difference between the 
IDECA Digital Contents Archive and other archives: its expanded operational capacity from 
just documentation tasks. For this, a tool such as the FACILIS TERRABLOCK capable of 
activating operations with digital archives through fiber optics at great speeds and with 
optimal resolution performance is necessary. 
In both cases, the archive functions as a work engine in the academic space and as a source 
of information for the crucial tasks of self-education for students in the new European 
scenario of higher education. The results are very satisfactory, as we have seen this service 
in high used often in high demand for viewing the archived content. 
Presently, the IDECA archive is centered on four audiovisual registers dedicated to Art 
History, Cinema History, Animation and work done by students at the College of Fine Arts 
of Cuenca throughout this past decade. Said registers are stored in high-resolution image 
formats and highly compressed video formats which maintain an excellent bit rate, making 
for a good quality/size ratio for archive viewing or reference. 

The IDECA archive contents are a privileged window for the diffusion of teaching contents. 
The possibilities of the archive try to create a presence of these contents in the university 
community, promoting quality contents and searching for an influential projection. In this 
sense, the IDECA digital archive covers the diverse work fields of the College of Fine Arts of 
Cuenca, making it an excellent platform for cultural diffusion. 
Starting from the audiovisual registers of the Cuenca Fine Arts College, it is possible to 
amplify and project the archive to all other colleges and activities of the university 
community. In addition, the visibility of the IDECA Group’s activities are reinforced with 
Internet presence from a portal whose objective is to be converted into a reference point 
regarding the audiovisual contents focused on art. 

 
3.1 IDECA Archive Characteristics: 

 Multiple access to archives greater than one Gigabyte simultaneously and with no 
wait, even for audiovisual archives. 

 The original archives are never accessible through reference points. 
 Unlimited amplification capacity at reference points through the University of 

Castilla-La Mancha’s intranet. 
 Modular amplification capacity from the server’s memory. 
 Access to multiple registers in the fields of Art History, Cinema History, Animation 
 and alumni work. 

Below is a model of the process of the service in use. On one hand, there is the operative 
procedure for the referencing of material; on the other, the system’s structure. 
 

 
Fig. 1. Working diagram of IDECA archive 
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activating operations with digital archives through fiber optics at great speeds and with 
optimal resolution performance is necessary. 
In both cases, the archive functions as a work engine in the academic space and as a source 
of information for the crucial tasks of self-education for students in the new European 
scenario of higher education. The results are very satisfactory, as we have seen this service 
in high used often in high demand for viewing the archived content. 
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of Cuenca throughout this past decade. Said registers are stored in high-resolution image 
formats and highly compressed video formats which maintain an excellent bit rate, making 
for a good quality/size ratio for archive viewing or reference. 
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The possibilities of the archive try to create a presence of these contents in the university 
community, promoting quality contents and searching for an influential projection. In this 
sense, the IDECA digital archive covers the diverse work fields of the College of Fine Arts of 
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Fig. 1. Working diagram of IDECA archive 
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4. SWAP (Software Development 1.0) 
 

The section of the project titled SWAP focuses on the creation of internal software with an 
interactive interface capable of performing complex operations with the objective that the 
user is able to perform tasks related with teaching. 
Generally speaking, we approached the construction with a group of specific tools in mind 
for the improvement of art instruction. The user, who would be the body of professors of the 
University of Castilla-La Mancha, will be prepared to navigate the mentioned SWAP 
software in order to access specific tasks according to the composition and set-up of his 
class. 
The work carried out in the development of the SWAP software required the hiring of a 
specialist technician in software design and graphic tools, such as those related to interactive 
operations. This development lasted one year and the results were satisfactory, with the 
service available to the professors of UCLM in the end. However, this software could be 
extended and projected in other areas of the community. It could have in impact outside the 
university, in other educational territories such as secondary education, where the 
installation of tools that lend themselves to self-education tasks is very important. 
The description of the SWAP software would have the following limits to its operability and 
use for the user. In the first place, once the necessary register is executed in order to access 
the system, a menu appears in which it is possible to select four operations for the 
management of the information: PowerPoint, text, video and PDF. These are the most 
common formats and sources of information management, although the system does allow 
for other elements to be loaded should it be necessary. The selection of an operation from 
the menu makes it possible to load the corresponding archive in the second window of the 
menu, situated together with the first menu. After the selection of a specific content in the 
second navigation window, the document is loaded immediately and a new window 

appears in which the download of the indicated document is reproduced in any standard 
viewing format (QuickTime, PDF, Word, VLC, etc.). 
The system has an internal use in the workspace of the college, such as in the private work 
area of a professor authorized by the system for such use, but also allows online work 
without visualizations or archive download subject to copyright. This is precisely to avoid 
problems with the necessary protection of data that such visualizations have either with 
class content or with copyrights of selected programs or work whether they be image, text, 
fiction, documentary, photograph, etc. 
The function of the SWAP software could be extended to other disciplines outside specific 
academic tasks within society. It would be possible to amplify the management tools of the 
archives and adapt them to other educational and social needs such as in the areas of health 
sciences, social tasks, assistance in the home, etc. 
Upon commencing the development of SWAP, a final user evaluation of the application was 
elaborated and of the various objectives it was meant to meet. As a result of this evaluation, 
we decided on a simple yet functional design that allowed the minimal time possible for 
information access. This meant that the final system would have to include only the 
minimum number of characteristics necessary to completely satisfy the user. 
Structurally speaking, the application is divided into two sections. The first consists of a 
database that integrates the great number of data for the creation and elaboration of 
teaching resources in an organized manner. The second section is the online user interface of 
SWAP. This interface, developed en Adobe® Flash© for its versatility and flexibility, is 
responsible for the management of information requests made by the client from the 
application by means of a system of dynamic menus. Once the desired information has been 
located, it is downloaded locally to the users equipment so that the user can manage the 
material in the way they see fit. 

 
4.1 Characteristics of the application: 

 The application functions completely online and is accessible through Adobe® 
Flash Player©, which is present in over 98% of equipment, whether it be Mac or 
PC. 

 The entire application occupies less than 10Kbs, which in practical terms makes 
access to the application and the information in it immediate. 

 Currently, the application is focused on three fields of knowledge: Art History, 
Cinema History and Animation. However, it is designed to be expanded to an 
unlimited number of fields. 

 The application permits the downloading of audiovisual content in the most 
common formats. 

 SWAP allows for the centralization of content and teaching material download 
from a single platform, which improves work flow when it comes to working with 
interdisciplinary teaching materials. 
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Fig. 3. Work structure of SWAP aplication 
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Fig. 7. SWAP help system detail 

 
5. SIVI 
 

Within this project, this is the more ambitious and complex part of all the proposed tasks. 
Centered on communication technology, we set out to design a bi-directional, interactive 
communication system in real time. With it, it was intended to make information exchange 
in real time possible through means of easy access for the users, with webcams, 
microphones and system access. SIVI is an idea that comes from the generalized 
communication system in real time, MESSENGER, developed for WINDOWS XP 
Professional, although SIVI advances toward a much different operability expectation 
because of the composition of the contents. 
In this way, SIVI is a teaching tool based on student-professor communication. SIVI is a 
videoconference application with text support along with written and visual multiuser 
communication capacities. 
SIVI is intended to advance independent and applied, dealing with problems and concrete 
needs, in this case focused on the development of technological tools to assist in the teaching 
tasks of art instruction. In this sense, SIVI allows for the opening up of class contents so that, 
if so desired, there is a shared virtual space in which students can carry out a common and 
interactive project or task with the professor. 
On the one hand, a following of the contents seen in each class is possible by everyone, in 
real time, with only Internet and system access necessary. This tracking and visualization 
offers greater flexibility when it comes to following class contents. At the same time, SIVI 
offers the option of student participation since it is a bidirectional real time system. So, 

students can ask questions and resolve doubts they may have concerning the concepts seen 
and learnt or express thoughts, opinions or otherwise participate in the class. 
This system, already installed in the College of Fine Arts of Cuenca, is very useful, above all 
to support a great number of students who spend part of the academic year in other 
European centers thanks to the Erasmus exchange program and other similar programs. 
Before, students had no way to follow classes and given the fact that there were 
nontransferable courses, there were great problems in passing exams upon their return to 
Cuenca. Now with SIVI, many students can follow their classes with normalcy during 
scheduled hours during their study abroad and while present in the College of Fine Arts of 
Cuenca. 
One of the biggest challenges to Spanish universities is the creation of digital contents. SIVI, 
as well as being extremely useful to the expansion of e-Learning in general, can be expanded 
and applied to multidisciplinary projects in artistic creation. This part of the software is still 
yet to be developed and that is precisely what we intend to do in the next R+D projects in 
the coming years. This will require the presence of a specialist technician in the area of 
digital design and task programming with the use of software like Flash Media Server 2 ®, 
from ADOBE®. 
Among the elements to bear in mind with this application, we have opted for a final system 
that includes only a minimum number of characteristics necessary for the achievement of 
the proposed objective, this being decided after the final user evaluation of the application 
and considering the main objective of said application. 
From the development point of view, it is a client-server application located in a central 
server at the University of Castilla-La Mancha. SIVI is a multi-layer application comprised 
of a socket server charged with the communication between different client equipment and 
specialized in C/S applications developed with Adobe® Flash©, an online user interface 
developed integrally by the IDECA research group. The objective of SIVI is to create an 
attractive work space accessible to users without previous knowledge of the application as 
well as the creation of a wide range of functions able to handle client-server communication, 
also developed by IDECA. 
The application was elaborated on a Flash platform due to its graphic capacities and its high 
level of installation, being present in the majority of Mac and PC systems since its MX 
version. The program was developed using the programming language ActionScript 2.0 for 
the user interface and ActionScript 3.0 for the development of the SIVI library of functions. 

 
5.1 Characteristics of the application 

 Since it is an online application, the user is capable of accessing it from any 
 computer with an internet connection. 
 Thanks to its multi-layered design, the user must only load a user interface of 2Kbs 
 onto their equipment through an Internet connection before beginning to access 
 and work with the system. 
 The application allows written communication in real time between multiple users. 
 Visual communication can be between professor-student, professor-professor or 
 student-student and always functions in a hierarchical and sequential manner. 
 Visual communication can only happen simultaneously between two users, 
 however the conversation is transmitted to all connected users in real time. 
 The sockets application of the server permits a simultaneous connection of up to 
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In this way, SIVI is a teaching tool based on student-professor communication. SIVI is a 
videoconference application with text support along with written and visual multiuser 
communication capacities. 
SIVI is intended to advance independent and applied, dealing with problems and concrete 
needs, in this case focused on the development of technological tools to assist in the teaching 
tasks of art instruction. In this sense, SIVI allows for the opening up of class contents so that, 
if so desired, there is a shared virtual space in which students can carry out a common and 
interactive project or task with the professor. 
On the one hand, a following of the contents seen in each class is possible by everyone, in 
real time, with only Internet and system access necessary. This tracking and visualization 
offers greater flexibility when it comes to following class contents. At the same time, SIVI 
offers the option of student participation since it is a bidirectional real time system. So, 

students can ask questions and resolve doubts they may have concerning the concepts seen 
and learnt or express thoughts, opinions or otherwise participate in the class. 
This system, already installed in the College of Fine Arts of Cuenca, is very useful, above all 
to support a great number of students who spend part of the academic year in other 
European centers thanks to the Erasmus exchange program and other similar programs. 
Before, students had no way to follow classes and given the fact that there were 
nontransferable courses, there were great problems in passing exams upon their return to 
Cuenca. Now with SIVI, many students can follow their classes with normalcy during 
scheduled hours during their study abroad and while present in the College of Fine Arts of 
Cuenca. 
One of the biggest challenges to Spanish universities is the creation of digital contents. SIVI, 
as well as being extremely useful to the expansion of e-Learning in general, can be expanded 
and applied to multidisciplinary projects in artistic creation. This part of the software is still 
yet to be developed and that is precisely what we intend to do in the next R+D projects in 
the coming years. This will require the presence of a specialist technician in the area of 
digital design and task programming with the use of software like Flash Media Server 2 ®, 
from ADOBE®. 
Among the elements to bear in mind with this application, we have opted for a final system 
that includes only a minimum number of characteristics necessary for the achievement of 
the proposed objective, this being decided after the final user evaluation of the application 
and considering the main objective of said application. 
From the development point of view, it is a client-server application located in a central 
server at the University of Castilla-La Mancha. SIVI is a multi-layer application comprised 
of a socket server charged with the communication between different client equipment and 
specialized in C/S applications developed with Adobe® Flash©, an online user interface 
developed integrally by the IDECA research group. The objective of SIVI is to create an 
attractive work space accessible to users without previous knowledge of the application as 
well as the creation of a wide range of functions able to handle client-server communication, 
also developed by IDECA. 
The application was elaborated on a Flash platform due to its graphic capacities and its high 
level of installation, being present in the majority of Mac and PC systems since its MX 
version. The program was developed using the programming language ActionScript 2.0 for 
the user interface and ActionScript 3.0 for the development of the SIVI library of functions. 

 
5.1 Characteristics of the application 

 Since it is an online application, the user is capable of accessing it from any 
 computer with an internet connection. 
 Thanks to its multi-layered design, the user must only load a user interface of 2Kbs 
 onto their equipment through an Internet connection before beginning to access 
 and work with the system. 
 The application allows written communication in real time between multiple users. 
 Visual communication can be between professor-student, professor-professor or 
 student-student and always functions in a hierarchical and sequential manner. 
 Visual communication can only happen simultaneously between two users, 
 however the conversation is transmitted to all connected users in real time. 
 The sockets application of the server permits a simultaneous connection of up to 
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 2,500 users from the same server, which allows us to work with 50 classrooms per 
 server dedicated to SIVI functions. 

 

 
Fig. 8. SIVI application at work 
 

 
Fig. 9. SIVI application usual structure 

 
Fig. 10. SIVI application in work mode 1 
 

 
Fig. 11. SIVI application in work mode 2 
 

 
Fig. 12. SIVI application in work mode 3 
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6. Conclusions 
 

Nowadays, education, culture and learning are the points of interest in the world and 
especially in the area of artistic instruction. Currently, there is a great opportunity for the 
development of new projects and initiatives, most of which presently focus on the use of the 
computer as a teaching tool for the emission, diffusion and maximum use of contents 
through different platforms, such as digital television, portable devices (mobile phones, 
pda’s, etc.), which complement the present reach of the Internet. 
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1. Introduction 
 

A Collaborative Virtual Environment (CVE) is a computer-based virtual space that supports 
collaborative work and social interplay. In a 3D CVE, a ‘hosting’ 3D world is the necessary 
ingredient: within it users provided with graphical embodiments called avatars that convey 
their identity (presence, location, movement etc.), can meet and interact with other users, 
with agents or with virtual objects.  
Even if graphics hardware and 3D technologies are rapidly evolving and the increased 
Internet connection speed allows the sharing of amounts of data and information among 
geographically distributed users, the development of networked three-dimensional 
applications is still complicated and requires expert knowledge. Although some 
collaborative 3D Web technologies and applications have already been developed, most of 
them are particularly concerned with offering a high level realistic representation of the 
virtual world since increasing the level of detail increases the sense of ‘virtual presence’ in 
the 3D world. However, these developments have not, at the same time supported a high 
level, non-expert authoring process and the concepts of programming flexibility and 
component re-use have rarely been taken into account. 
In this introduction, we discuss our research experience in the field of Collaborative Virtual 
Environments. We will outline our approach which has been based on both multi-channel 
integration and on high performances issues. 
Moreover, we advocate the need for a drastic simplification of authoring and 
personalisation phases. We propose this should be enacted through formal description of 
the sets of interactions, as well as of their behavioural features and rules, that we together 
call ‘collaborative metaphors’. This should be done in a component oriented fashion to drive 
collaboration among users according to the designer’s specifications. As result of previous 
considerations, we present OpenWebTalk (OWT), a declarative 3D component framework 
based on XML documents describing not only the formal structure of the environment of the 
virtual world, where the action takes place, but also the complex set of interaction rules that 
govern interactions between users and world objects used to stimulate certain kinds of 
collaboration. Such a framework would thus effectively help fast prototyping and an easy 
building up of collaborative applications. The OWT framework also provides a high 
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performance runtime 3D rendering engine, fully configurable through XML, in order to 
easily configure virtual world settings as well as collaborative interaction rules, thus 
allowing geometries, behaviours and content to be independently controlled, assigning 
different tasks to different developers (i.e. software dev. , content dev. , graphics dev. , 
session designers). 
The main innovative features of the proposed framework are: 

 Decoupling of all phases of the authoring process. 
 Easy definition and composition of virtual sessions in a component-oriented 

fashion. 
 Drive and control interaction among users to stimulate specific kinds of 

collaboration. 
 High quality and performance rendering with support for post-processing effects. 
 Easy configuration of specific 3D effects (such us 3d audio, camera effects, etc). 

Moreover, even thought Collaborative Virtual Environments are one of the most successful 
applications in the field of Computer Supported Collaborative Work (CSCW), their support 
and working environment has often been relegated to desktop systems without regard for 
the recent spread of smart mobile devices and wireless networks.  
In this work the OpenWebTalk framework is also presented as a means to generate 3D 
learning experiences. We explore the framework’s capabilities of configuring itself on the 
basis of an XML meta-model declaration language representing not only the workspace, but 
also interaction rules shared among the 3D users during the collaborative experience. 
OpenWebTalk’s photo-realistic rendering capabilities will allow us to use this architecture 
across a large range of applications that span from e-learning to architectural virtual 
reconstructions. 
First of all, we explain our motivation for this definition of a 3D collaborative and 
configurable engine (Section 2). Then we describe the state of the art from both the scientific 
and the commercial point of view (Section 3). In section 4 we describe the history of OWT 
and our previous approaches (Section 4) and in section 5 we describe the OWT framework 
and its features and functionalities. 

 
2. Motivations 
 

In our previous research work we have collaborated in the design and development of CVE 
engines to be used in e-learning. In these earlier pieces of research the maintenance of lower 
system requisites to enable all kind of users to take advantage of collaborative experiences 
was crucial. Moreover, after scouting all applications and systems on the market, we 
identified two main problems: 

 A number of the proposed solutions were applications rather than flexible 
frameworks. They therefore required major reprogramming work in order to be 
used either in different fields or new situations. 

 A lot of systems strengthened the graphic quality (aiming at a kind of photo-
realism) or the reproduction of physical laws rather than improving collaborative 
features and/or interaction possibilities in order to open up more opportunities for 
users to engage with the development process. 

It was therefore that we decided to design and develop a new framework based on the 
client/server paradigm in order to match the rendering of high performance with the 

 

possibility of creating totally configurable collaborative sessions. The configuration of the 
sessions is to be intended to be both from a ‘geometrical’ point of view (i.e. which objects are 
in the world, where the light sources are, which properties the different objects possess, 
where the cameras are and what configurations of them the scene is based on) and from a 
collaborative point of view (i.e. what are the interaction rules between users and objects 
defined for the virtual environment in a specific period of time?). We realised that at present 
collaborative frameworks marrying the state of the art rendering techniques with the 
possibility of configuring each aspect of collaborative experiences are lacking. 

 
3. State of the art 
 

We carried out an in depth investigation focussing on two specific aspects in order to 
analyse the state of the art :  

 One related to articles produced by the scientific community (we analysed the 
ACM and IEEE online archives); 

 One related to commercial systems. 
Distributed Virtual Environments are the bridge between virtual worlds and collaborative 
virtual environments. One of the first 3D distributed environments was DIVE (Distributed 
Virtual Interactive Environment) (Frécon and Stenius, 1998), created in Sweden by SICS 
(Swedish Institute of Computer Science) in 1991. It provided representation by avatars, 
different browsing and interaction types and audio and video communication. 
The DIVE environment consisted of a group of distributed processes that represented 
avatars or objects, which could modify the database that contained the representation of the 
world. The communication among these processes was based on multicast protocols and 
thus did not rely on a central server architecture. In fact, each user possessed a copy of the 
world in which they collaborated. 
After DIVE, other environments like SPLINE (http://www.merl.com/projects/spline/), 
NPSNET (Oliveira et al., 2000) or MASSIVE (Greenhalgh et al., 2000) appeared. Many of 
them have successfully solved problems such as the structuring of the world and the zone 
partitioning, the state propagation, the coordination and the consistency and the realism. 
They also introduced concepts such as that of portals between worlds, to be able to move 
between them. Those collaborative environments offered richer user interactions by means 
of flexible collaboration tools. Nevertheless, the complexity of the domain has led to huge 
and intricate software systems that are difficult to extend and re-use, thereby precluding 
system interoperability and flexibility. To cope with these problems, the trend is to augment 
modularisation in the design of such infrastructures. Many systems are following a 
framework-based approach to augment modularisation and provide extension points to 
develop new applications on top of them.  
In the domain that we are studying, we highlight two examples of framework-oriented 
platforms enabling the development of collaborative virtual applications. One example is 
Ants CSCW (García and Skarmeta, 2003); a generic multi-user collaborative framework. The 
ANTS system is a component-based application framework that simplifies the development 
of distributed collaborative components in Java language. It provides a client-side container 
for JavaBean components that hides the complexity of the middleware layers by providing a 
remote persistent property mechanism and a distributed event service. The key architectural 
decision to create the distributed event service on top of a publish/subscribe notification 
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and working environment has often been relegated to desktop systems without regard for 
the recent spread of smart mobile devices and wireless networks.  
In this work the OpenWebTalk framework is also presented as a means to generate 3D 
learning experiences. We explore the framework’s capabilities of configuring itself on the 
basis of an XML meta-model declaration language representing not only the workspace, but 
also interaction rules shared among the 3D users during the collaborative experience. 
OpenWebTalk’s photo-realistic rendering capabilities will allow us to use this architecture 
across a large range of applications that span from e-learning to architectural virtual 
reconstructions. 
First of all, we explain our motivation for this definition of a 3D collaborative and 
configurable engine (Section 2). Then we describe the state of the art from both the scientific 
and the commercial point of view (Section 3). In section 4 we describe the history of OWT 
and our previous approaches (Section 4) and in section 5 we describe the OWT framework 
and its features and functionalities. 

 
2. Motivations 
 

In our previous research work we have collaborated in the design and development of CVE 
engines to be used in e-learning. In these earlier pieces of research the maintenance of lower 
system requisites to enable all kind of users to take advantage of collaborative experiences 
was crucial. Moreover, after scouting all applications and systems on the market, we 
identified two main problems: 

 A number of the proposed solutions were applications rather than flexible 
frameworks. They therefore required major reprogramming work in order to be 
used either in different fields or new situations. 

 A lot of systems strengthened the graphic quality (aiming at a kind of photo-
realism) or the reproduction of physical laws rather than improving collaborative 
features and/or interaction possibilities in order to open up more opportunities for 
users to engage with the development process. 

It was therefore that we decided to design and develop a new framework based on the 
client/server paradigm in order to match the rendering of high performance with the 

 

possibility of creating totally configurable collaborative sessions. The configuration of the 
sessions is to be intended to be both from a ‘geometrical’ point of view (i.e. which objects are 
in the world, where the light sources are, which properties the different objects possess, 
where the cameras are and what configurations of them the scene is based on) and from a 
collaborative point of view (i.e. what are the interaction rules between users and objects 
defined for the virtual environment in a specific period of time?). We realised that at present 
collaborative frameworks marrying the state of the art rendering techniques with the 
possibility of configuring each aspect of collaborative experiences are lacking. 

 
3. State of the art 
 

We carried out an in depth investigation focussing on two specific aspects in order to 
analyse the state of the art :  

 One related to articles produced by the scientific community (we analysed the 
ACM and IEEE online archives); 

 One related to commercial systems. 
Distributed Virtual Environments are the bridge between virtual worlds and collaborative 
virtual environments. One of the first 3D distributed environments was DIVE (Distributed 
Virtual Interactive Environment) (Frécon and Stenius, 1998), created in Sweden by SICS 
(Swedish Institute of Computer Science) in 1991. It provided representation by avatars, 
different browsing and interaction types and audio and video communication. 
The DIVE environment consisted of a group of distributed processes that represented 
avatars or objects, which could modify the database that contained the representation of the 
world. The communication among these processes was based on multicast protocols and 
thus did not rely on a central server architecture. In fact, each user possessed a copy of the 
world in which they collaborated. 
After DIVE, other environments like SPLINE (http://www.merl.com/projects/spline/), 
NPSNET (Oliveira et al., 2000) or MASSIVE (Greenhalgh et al., 2000) appeared. Many of 
them have successfully solved problems such as the structuring of the world and the zone 
partitioning, the state propagation, the coordination and the consistency and the realism. 
They also introduced concepts such as that of portals between worlds, to be able to move 
between them. Those collaborative environments offered richer user interactions by means 
of flexible collaboration tools. Nevertheless, the complexity of the domain has led to huge 
and intricate software systems that are difficult to extend and re-use, thereby precluding 
system interoperability and flexibility. To cope with these problems, the trend is to augment 
modularisation in the design of such infrastructures. Many systems are following a 
framework-based approach to augment modularisation and provide extension points to 
develop new applications on top of them.  
In the domain that we are studying, we highlight two examples of framework-oriented 
platforms enabling the development of collaborative virtual applications. One example is 
Ants CSCW (García and Skarmeta, 2003); a generic multi-user collaborative framework. The 
ANTS system is a component-based application framework that simplifies the development 
of distributed collaborative components in Java language. It provides a client-side container 
for JavaBean components that hides the complexity of the middleware layers by providing a 
remote persistent property mechanism and a distributed event service. The key architectural 
decision to create the distributed event service on top of a publish/subscribe notification 
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system permits a very powerful and flexible approach. State propagation is efficiently 
accomplished by the decoupled notification system. 
From the commercial point of view, IRRLICHT (http://irrlicht.sourceforge.net/) is an open 
source graphic engine optimised for rendering quality and graphic effects. It is able to 
render high resolution images using the most recent techniques (per-pixel and per-vertex 
shaders, culling, bump-mapping, etc.). There is no support for collaborative features or for 
external configuration to make collaborative experiences.  
Ultima Online (http://www.ultimaonline.com) (often shortened UO) is a fantasy MMORG 
(Massive(ly) Multiplayer Online Role-Playing Game) developed by Origin Systems, a 
software house recently bought by EA games. UO client offers the player the possibility of 
playing either in 2D isometric graphics or in 3D isometric graphics with the optimised use of 
shaders. The game used servers who were the owners of Origin in Europe and America. The 
UO server systems are hardcoded; everything is specified in the source files of the emulators 
(managing of the behaviour of objects, skill definitions, NPC advanced artificial intelligence) 
with only a minor possibility of personalising via an external configuration file.  
World of Warcraft (www.worldofwarcraft.com) is an MMORG fantasy videogame which is 
only playable through the Internet by paying a fee. It was developed by Blizzard 
Entertainment and was published in 2004. The game has three dimensional graphics which 
enable the player to enter its virtual environments. World of Warcraft is the most played 
MMORG in the world with over 9 million active enrolments. The system is able to provide 
rendering which takes advantage of the most recent accelerated graphics cards 
(optimisations such as ‘per-pixel shading’ and ‘per-vertex shading’ are used). It is 
impossible to configure the game session externally.  
Second Life (www.secondlife.com) is probably the best known product. Developed by 
Linden Labs, it allows the users who are connected to interact and perfectly imitate the 
interactions which would happen between users in the real world. The system uses a 
renderer based on OpenGL but which is hardcoded inside the client. It is possible to 
configure a rather small number of environmental parameters through external 
configuration files but the operations are very difficult and slow. Moreover is not possible to 
configure interaction rules inside environments.  

 
4. History of OpenWebtalk and previous approaches 
 

Shared virtual environments as collaboration tools (CVEs) are mainly intended as a way to 
support collaboration among several users working on a common (virtual) scene (data 
model). Communication between instructors and trainees (simulation and training 
applications), sharing data (for visually supported discussions between scientists or 
decision-makers) (CSCW), support for innovative teaching-learning and support for 
collaborative e-learning (CSCL) are all examples of uses for shared virtual environments. 
These applications (re)create a multi-user virtual world (Damer, 1997), as  two or three-
dimensional graphical environments inhabited by users (represented as digital actors called 
‘avatars’) that share time, space and actions with other users, cooperating together for a 
common goal.  
Several different software systems today, both commercial and research prototypes, support 
Collaborative Virtual Environments. Our work started in 1998 with the development of 

 

WebTalk, which has evolved, over the years, into the current OpenWebTalk, described in 
the next section.  

 
4.1 WebTalk04 
After several experimentations (http://www.seequmran.net/) with 3D educational 
applications, we have developed the WT04 framework (Barchetti et al., 2005). This 
development sprang from the need to create 3D collaborative learning experiences with 
significant differences (in terms of world geometries, interactive objects, textures, 
collaboration features, etc). For each different application different versions were needed 
(e.g. selecting different content and different quizzes for different groups of schools) to 
prepare specific experiences. Flexibility and configurability were revealed, therefore, to be a 
crucial requirement. Moreover, in order to expand the number of users, we needed to 
improve both performance and reliability whilst decreasing, if possible, requirements on the 
connection bandwidth. A number of key decisions were therefore taken for future 
development: 

 The choice of a new supporting platform to be Macromedia Studio 2004 MX: the 
widespread availability of the Macromedia Shockwave player (counting over 200 
million installations all over the world) and its ‘industry reliability’ were crucial 
elements. Some technical features were also relevant: e.g. the capability of 
importing 3D studio file format, the support for the Havok physics engine 
(http://www.havok.com/) (able to control and assign physics to both unanimated 
and animated objects and control their kinematics), the presence of a set of built in 
behaviours to control, for example, avatar movements. 

 Use of XML as a configuration language: the possibility of ‘describing’ static 
features (e.g. representing position, colour, dimension etc. of the objects at start-up) 
and a dynamic features (e.g. defining whether objects can be moved, clicked etc.), 
instead of ‘hard coding’ them, was essential for gaining configurability and 
flexibility. 

 Creation of a specialised parser to ‘read’ the configuration file: commands, written 
in an Xpath like syntax, are used in order to find attributes and metadata stored in 
the (XML) configuration file. 

Moreover an XML representation is well suited to describing the 3D scene as structured data 
that can be processed without paying attention to how the data should be presented. The 
conversion style sheets in fact allow the switch from one format to another. Through 
different XSL files the content of a WT04 XML scene graph file can be easily converted to 
VRML or X3D, to pretty-printed HTML or to any number of other formats. 
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numerous benefits for extensibility and componentisation, as well as the ability to develop 
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 WT04 authoring environment where the designer defines and fine tunes the world 
structure and the specific behaviours attached to each user or interactive object. 

 WT04 runtime environment, in which this XML file works as a declarative 
description of how the virtual world has to be rendered as well as of the ways in 
which the action can take place and evolve. 
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The development of CVE systems is now a well-established reality. A CVE (Collaborative 
Virtual Environment) is a virtual 3D place representation, in which users, being represented 
through graphical embodiments called avatars, share the same experience, working and 
interacting with the same set of virtual objects. In this case users see the same representation 
of shared workspace (i.e. a 3D world) and the effects on the users’ or objects’ actions are also 
the same for all. This paradigm is known as WYSIWIS (‘what you see is what I see’).  
The availability of mobile location aware technologies on consumer devices has encouraged 
researchers to consider how to join the classic desktop CVE paradigm with a newer one 
based on mobile devices, in a mixed reality oriented fashion. In this case the paradigm is no 
longer ‘WYSIWIS’ as in a classic Collaborative Virtual Environment, but WYSINWIS (‘what 
you see is NOT what I see’):  users see different representations of the same workspace (both 
environment and objects). Such systems are called CMVRs (Collaborative Mobile Virtual 
Reality systems) in which avatars in the virtual world and mobile players in the real world 
share the same experience, aiming towards a common goal even if it is provided through 

 

different devices, with different capabilities and therefore with different views of the same 
workspace.  
MoWeT (Mobile WebTalk) (Bucciero et al., 2007) takes its form from these considerations, 
trying to extend the scope of a ‘pure’ CVE such as OpenWebtalk, towards a Mixed Reality 
System developed as a mobile, exible and congurable framework. Even though MoWeT 
represents a part of a greater framework, in this sub-section we focus on the mobile 
subsystem, as WebTalk04 itself has already been the object of some papers (Barchetti et al., 
2005) (Barchetti et al., 2006). Furthermore MoWeT can also be congured as standalone 
system, becoming, in this way, independent from any other part of the WebTalk04 
framework. MoWeT is particularly oriented to the cultural and tourist context, for uses such 
as mobile interactive guidance for tourist experience, with extensive multimedia content 
support (video, sound, hypertext, etc). 
The MoWeT framework is designed to provide a exible and congurable solution that 
implements integration between RFID (Radio Frequency Identification) and GPS localisation 
technologies, allowing users to share the same experience in a collaborative environment. 
This collaboration is achieved through a client/server architecture. The client application is 
specifically conceived in a modular way in order to separate the specic tasks into different 
classes; it manages maps visualisation, connections (GPS, RFID, Internet) and event/action 
interactions. The server, by contrast, keeps track of user’s movements and sends this 
information to other users.  

 
5. OpenWebTalk  
 

As already mentioned, in the last few years hardware technology, high bandwidth networks 
and 3D graphics systems have brought Virtual Reality (VR) technology into a new field: 
Collaborative Virtual Environments (CVE). The goal of the applications and systems in this 
domain is to use computers as tools for communication and information sharing through 3D 
environments working as shared workspaces that provide collaboration facilities for several 
branches of applications (simulation and training, e-learning, collaborative working, etc.). 
Historically, such systems have mostly focussed on the ‘quality’ of graphics (often intended 
as a kind of photo-realism), and ‘real-world behaviour’ (i.e. systematic replication of physics 
laws) rather than collaborative features and/or features that engage the user. As an 
improvement on these previous approaches, we advocate the need for a framework that 
combines high performance in real-time rendering with a huge grade of configurability. 
This would allow the fast prototyping of a large number of 3D collaborative environments 
in an easy way, without spending so much time reprogramming the system. Moreover the 
use of photo-realistic graphics should enhance the level of engagement during the 
collaborative experiences bestowing these virtual environments with a high sense of virtual 
presence. In this chapter we present OpenWebTalk (Barchetti et al., 2008), a framework to 
support high performance and high resolution 3D collaborative experiences that is based on 
the experiences we have already had with WebTalk04 and MobileWebTalk, to support, in a 
flexible way, high performance real-time collaboration.  

 
5.1 Experience in the applied research projects 
Nowadays the research and the development of technological solutions are continuously 
evolving. People from any part of the world are able to collaborate in order to reach 
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common objectives. Typical examples of this are evolved systems of teleconferencing and 
distance learning. Most of such systems, called Computer Supported Collaborative 
Workgroups (CSCW), use computers as a means for sharing notions of space and time 
across very great distances. Each of them exploits a workspace that is a shared place where 
users can collaborate, acting locally and then spreading their actions towards the other users 
of the group via the defined informative infrastructure. Collaborative Virtual Environments 
(CVE) represent a particular type of CSCW system and use a workspace which exploits a 
three dimensional representation to increase the sensation of mutual awareness. In fact, 
CVEs emphasise the awareness of the workspace and of the reciprocal interactions with the 
other users who are present, as though they were in a virtual environment. 
CVE systems are used in the simulation of environments in industrial or military fields, and 
also in collaborative games and collaborative e-learning. Recent research on CVE has shown 
that creating an ‘appealing’ virtual environment from a rendering point of view is not 
enough. It is also absolutely necessary to integrate it with interaction rules between users 
and the environment. In this way the engagement, seen as the users’ satisfaction rate with 
their interaction with others in the virtual environment, can be improved. CVE engines need 
high computing resources therefore, in past years, the scientific community has chosen to 
properly tune the graphics rendering quality and the number of possible interactions in 
order to grant the execution also for less skilled clients. Another widespread peculiarity of 
CVE engines is that the interaction rules, the geometry and all the necessary settings on the 
client during the execution are hardcoded inside the client application; this is to be 
downloaded by users before taking part in the collaborative session. We will show the 
importance of matching high quality rendering with the possibility of configuring in a 
simple manner not only the structure of virtual worlds, their objects, the textures that cover 
them, the light effects, the position and orientation of cameras, but also the interaction rules 
in environments. This is the way to speed up and make economically profitable the creation 
of streams of collaborative sessions starting from a template or a prototype without 
lowering the high quality of rendering. In the last years, we have proposed and developed a 
framework called WebTalk04 (WT04) able to generate and allow the fruition of educational 
collaborative sessions. This was obtained by giving the users the possibility of connecting to 
the 3D environments through the web browser using a low-resolution renderer (using the 
Adobe Shockwave player plug-in) and using poor quality graphic performance. Thanks to 
this framework throughout the years, hundreds of sessions in projects such as 
Learning@Europe (www.learningateurope.net), Storia@Lombardia (www.storiadella 
lombardia.it) and Learning@SocialSports (www.learningatsocialsport.it) have been given to 
thousands of users worldwide. These projects have shown the necessity of generating 
streams of sessions in a simple and fast way, so that they start from a common template and 
will only differ in the specific content of each single session while still maintaining high 
graphic performance measured in terms of rendering speed and overall quality of generated 
images. 

 
5.2 OpenWebTalk Framework Architecture 
The OpenWebTalk architecture is based upon a client/server paradigm and exploits an 
application server hosting a Web Server for static and dynamic contents and a server-side 
Daemon (the OpenWebTalk server communication manager) for sharing data in cooperative 
and distributed applications. While the server is listening to client connections and 

 

distributing events between the participants, maintaining a centralised state repository, the 
client-side is composed of an application which runs both the rendering and the 
collaboration modules. The collaboration logic, via the event and behaviour manager, 
detects every event generated in the 3D interface and forwards them, through the 
OpenWebTalk Communication Protocol, to the server. Likewise, any other events generated 
at the same moment by other clients connected to the same environment, are distributed by 
the Server Communication Manager to the Client’s Communication Manager on client-side, 
which manages them by running the right action. Users can thus see each other's avatars 
and objects moving and operating in response to the events and to the 3D world solicitation, 
collaborating with each other during the online sessions. All the system architecture has 
been developed using C++.NET 2005, built up around the MVC (Model View Controller) 
design pattern in which the model represents the shared world state, the view represents 
each client application, and the controller is the programming logic that creates and 
regulates each end-user GUI (Graphical User Interface) as well as the shared environment. 
The architecture of OpenWebTalk is shown in Figure 2. Let us now describe all its main 
components (a description of each module will be given later): 
 
Client-side 
The ‘world engine’ is the client-side of the application. Through a number of modules, it 
manages the connection with the server and controls the rendering on the client machine. 
The ‘renderer‘ and ‘collection’ modules, based on the G3D (http://g3d-cpp.source 
forge.net/) rendering framework, render in real-time the scene according to the shared state 
of all the objects and avatars. G3D is a commercial-grade 3D Engine available as Open 
Source (BSD License). It makes low-level libraries like OpenGL and sockets easier to use 
without limiting functionality or performance (G3D is entirely written in C++). Due to 
performance issues we implemented our framework using the low-level libraries of G3D 
calling directly the API functions and just re-writing some classes to improve the overall 
performance.  
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which manages them by running the right action. Users can thus see each other's avatars 
and objects moving and operating in response to the events and to the 3D world solicitation, 
collaborating with each other during the online sessions. All the system architecture has 
been developed using C++.NET 2005, built up around the MVC (Model View Controller) 
design pattern in which the model represents the shared world state, the view represents 
each client application, and the controller is the programming logic that creates and 
regulates each end-user GUI (Graphical User Interface) as well as the shared environment. 
The architecture of OpenWebTalk is shown in Figure 2. Let us now describe all its main 
components (a description of each module will be given later): 
 
Client-side 
The ‘world engine’ is the client-side of the application. Through a number of modules, it 
manages the connection with the server and controls the rendering on the client machine. 
The ‘renderer‘ and ‘collection’ modules, based on the G3D (http://g3d-cpp.source 
forge.net/) rendering framework, render in real-time the scene according to the shared state 
of all the objects and avatars. G3D is a commercial-grade 3D Engine available as Open 
Source (BSD License). It makes low-level libraries like OpenGL and sockets easier to use 
without limiting functionality or performance (G3D is entirely written in C++). Due to 
performance issues we implemented our framework using the low-level libraries of G3D 
calling directly the API functions and just re-writing some classes to improve the overall 
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collaborative sessions. This was obtained by giving the users the possibility of connecting to 
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The ‘collision module’ computes in real-time the collisions between the entities in the virtual 
world introducing physics into the virtual environment. The proxy module manages the 
object downloading and caching features, using a smart optimised algorithm, it creates the 
right download list after verifying that there is not a local copy of the object in the local 
cache system. The ‘interaction engine’ is composed of event and behaviour managers that 
control the collaboration features. We show in detail what this is and the way in which it 
works in the section called ‘OpenWebTalk Configuration and Collaboration Model’. 
 
Server Side 
The Contents Repository: stores all the geometries and the textures, created at the design 
stage. 
XML file repository: this stores all the different configuration (XML) files. When a client starts 
a session, the system selects the right XML file and loads it.  
Communication Server: this traces the actual shared state, keeping track of, for example, 
positions, rotations, and ‘state’ in general of all the avatars and objects. Any shared state 
change is sent to all the clients who update the environment state. In order to deploy the 
OpenWebTalk framework architecture, we can build it both for Microsoft Windows based 
systems and for UNIX like ones. 
Figure 2 is a detailed schema of the main modules that compose the OWT architecture.  

 

5.3 OpenWebtalk Features and Functionalities 
In this section we describe the features and functionalities that characterise our framework. 
We also describe our implementing choices to generate collaborative experiences based on 
well-defined set of rules.  
 
Rendering 
As said before, rendering performance and optimisation are very important for a real-time 
3D collaborative framework. We decided to customise the G3D rendering module to adapt 
it to our framework. Thanks to the G3D performance and capabilities, we can now render 
full-screen virtual environments in real-time, using optimisations like shaders (Regenbrecht 
et al., 2006), shadow map and shadow volume (Pettifer and Marsh, 2001) programming. 
Moreover we can control the hardware acceleration performances at run time so as to 
optimise the frame quality. In the render module we introduced optimisation that can be 
grouped into two different classes: 

 Image quality optimisations 
 Performances optimisations 

In the image quality optimisation class, we grouped all the optimisations that concern the 
rendered-frame quality from a qualitative point of view: the render module dynamically 
selects the right mix of optimisations to dynamically balance quality with performance. Our 
renderer module uses bump mapping, per-pixel and per-vertex rendering optimisation. 
Level of detail and Frustum culling optimisation are used during the performance 
optimisations to improve the rendering speed (measured in Frames per Second [FPS]). Our 
render module (based on the G3D render module) selects the right level of detail based not 
only on the standard parameters such as distance and visibility, but also on the overall 
performance of the system. 
G3D (http://g3d-cpp.sourceforge.net/) is also a commercial-grade C++ 3D engine available 
as Open Source (BSD License). It is used in commercial games, research papers, military 
simulators, and university courses. G3D supports real-time rendering, off-line rendering 
such as ray tracing, and general purpose computation on GPUs and is the rendering engine 
we used in our research work. G3D provides a set of routines and structures so common 
that they are needed in almost every graphics program. It makes low-level libraries like 
OpenGL and sockets easier to use without limiting functionality or performance. G3D is a 
rock solid, highly optimised base on which to build a 3D application. 
 
The Physics engine 
The physics engine is very important in applications in which ‘virtual presence’ is a key 
feature. In fact it is crucial to have a physics engine that can reproduce all the physics 
interactions between users and objects in the virtual environment. The OWT physics engine 
is based on an open source module that calculates Mechanics and collision inside the 
environments. This module is Newton Dynamics (www.newtondynamics.com). Newton 
Game Dynamics is an integrated solution for real-time simulation of physics environments. 
It offers API that provides scene management, collision detection and dynamic behaviour. 
Our engine implements a deterministic solver which is not based on traditional LCP or 
iterative methods but possesses the stability and speed of both respectively. This feature 
makes our solution a tool not only for games, but also for any real-time physics simulation. 
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Newton Game Dynamics can be integrated into our project with ease. With this technology 
the user only needs to know basic physics principles to produce realistic physics behaviour.  
 
Configuration and Collaboration Model 
To bestow our virtual environment with a high sense of virtual presence, in addition to the 
full graphic driven paradigm, the overall application takes into account and provides a set 
of interaction features to drive the collaboration among users in the specific way the 
designer intends it to do so. OpenWebTalk proposes a declarative format to reduce the need 
for programming for non-expert designers of collaborative experiences. For this reason we 
examined the major issues concerned in the formal description of a collaborative virtual 
environment both from a static point of view; regarding how the virtual world is when it is 
generated, and from a dynamic point of view regarding how it can evolve during the 
collaborative sessions through a declarative description of the Event Conditioned Actions 
(ECA) that can be performed in it. We also manage ‘collaborative metaphors’ that we can 
define as a set of basic rules which describe different modalities of interaction between users 
and between the users and the environment (Barbieri and Paolini, 2001). These rules 
encompass various aspects, such as the way users can gather in groups, the possible ways of 
chatting to each other, the way to navigate in the virtual space, how to visualise the world 
and objects, etc.. Taking decisions on all these aspects shapes a collaborative situation. 
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In our model, interaction is achieved and controlled through a mechanism based on three 
main concepts using the paradigm of Event Conditioned Actions (Figure 5): 

 Entity: a general resource within the system. An entity may be a shared object with 
a graphical representation, or an abstract concept with no visible representation 
such as, for example, a server side remote shared object mapping a certain property 
of the system. Such entities provide a set of properties representing in some way 
the inner state of the entity and an amount of listeners to which the entity is 
registered, that allow events to react and perform one or more actions. In this view 
users and their own avatars can be considered a particular kind of entity 

 Event: is a trigger that can be raised by some user interaction or by the system 
itself, notifying that something has happened in the shared environment. 

 Action: actions are ‘atomic instructions’ that are invoked in a particular time 
instant by someone (typically an avatar) or something (typically an object). So 
actions are modules that we can configure in order to obtain the dynamic reaction 
we want.  

According to the classical view, the Event Conditioned Actions’ rules are based on the 
following form: 

on event 
if conditions 

do actions 

 
(1) 

Moreover, in our declarative model the central concepts around which the whole scene 
graph is described are the objects and users or, in more general worlds, entities.  
Then we derived the following entity-oriented interaction control model. 

 
Fig. 5. Entity-Event-Action paradigm 
 
In this model (detailed in figure 5) the main component is entity that can be thought of as an 
abstraction of both users as active actors of the system who are allowed to raise events, and 
objects which are passive components of the system which listen to events propagated 
within the virtual environment and react to them by performing one or more actions. The 

 

target of the action can equally well be the same entity which caused in some way the event, 
or another, different, one. 
The group made up of event and action takes the name ‘behaviour’ as it states the manner in 
which some entities evolve the system state when perturbed. 
 
3D Positional Audio 
In this subsection we will speak about the 3D positional audio feature. This feature manages 
the audio rendering into the 3D collaborative environments. The 3D audio is very important 
for improving the ‘virtual presence’ during the sessions. Every sound source is rendered in 
its ‘real’ position inside the virtual word, reproducing the sound that a real user would have 
heard in the real world. Our objective was to reproduce  ‘real’ audio feelings in the virtual 
worlds. More in depth, we want to generate: 

 Environmental Audio: this kind of audio source will increase the ‘virtual presence’ 
inside the 3D world, it will be loaded and executed when the framework is loading 
the virtual world. 

 Avatar Audio: this reproduces all audio produced by the avatar’s movements 
inside the virtual worlds. 

 Audio Sources into the 3D parts: different and independent sources are included; 
they have the physical attributes and they can be listened within the virtual world. 
Each source will be customised and independently and individually managed by 
the user through different modes of control. 

All the audio sources are ‘positional’, so they are closely dependent on the position, the 
direction and speed of movement of the character. 
 A great many techniques for reproducing sound in different ways have been developed 
over the last two decades but only three of these have been named: mono, stereo and 
quadraphonic, positional audio. 

 Mono: The first audio rendering technique developed was mono, the simplest 
technique for reproduction of sound development and one that also offers fewer 
benefits. The mono is a single information flow noise to be emitted from a single 
loudspeaker positioned facing the listener. For special requirements, such as the 
need to serve a wide area, that information flow can also be played through several 
speakers, but the information reproduced by the different speakers will always be 
the same. 

 Stereo: Then, in order to give more space to the sound than that permitted by 
mono and thereby make it more realistic (sound in nature almost always originates 
from multiple spatial points), stereo is a technique for reproducing sound in a more 
complex manner. In the stereo there are two acoustic information flows, each of 
which is intended to be spread by a different loudspeaker positioned facing the 
listener, one on the left and one on the right, under fixed rules. The sound that 
implements the stereo sound is called ‘stereo’ or, more briefly, ‘stereo audio’. In 
stereo audio there are two information streams representing the two electronic 
information flows. 

 Quadraphonic (multi-channel): The stereo audio can be also multi-channel audio; 
here the audio shows more electronic information flows each of which represent a 
different information flow. These flows are called electronic channels of audio, and 
stereo audio presents two. The multi-channel audio will be used later to implement 
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represents an information channel. 

 Positional Audio : 3D simulation is the most advanced group of audio3D effects. 
Using the ‘head-related transfer functions’ and reverberation, the sound changes 
along the path from the source (including the reflection on walls and doors) to the 
ears can be completely simulated in a more than realistic way. These effects include 
the location of sound behind, above and below the listener. 

As said we tried to fully integrate the management of 3D sound in the framework 
OpenWebTalk. This question could have been resolved in various ways and because of 
these options a careful analysis of already existing 3D collaborative environments was made 
in order to understand how others have tried to resolve this difficulty, to investigate all the 
resources, open-source or not, that current technology makes available to the developer. We 
analysed OpenAL (http://connect.creativelabs.com/openal/default.aspx) (Open Audio 
Library) which is a multi-platform audio API free software. It is designed for efficient 
rendering of the positional audio in three dimensions. Its API style and conventions 
deliberately follow those of OpenGL. Definitely the most comprehensive library of all, and 
perhaps the only comparable one, is irrKlang (http://ambiera.com/irrklang/) which 
unfortunately gives way in the case of the need for high performance. The choice to use 
OpenAL was based on three key items: Buffers, Sources and Listeners (Figure 6). A buffer 
can be filled with audio data, and can be attached to a source. Each source contains a pointer 
to a buffer; the speed, position and direction of a sound and its intensity.  
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The source can be placed and left to play. The way in which that source is heard is 
determined by its location and its orientation relative to the Listener (there is only one 
Listener object) that contains the speed, position and orientation of the listener and the 
overall gain is applied to all sounds . 
The buffer contains the audio data in PCM format, which is 8 to 16 bits, in both mono and 
stereo. The rendering engine performs all the necessary calculations as well as the 
attenuation due to distance, Doppler Effect, etc.  
It is simple to create a number of sources and a single buffer and Listener and update the 
positions and orientations of the sources of the Listener and thereby dynamically manage to 
simulate a world with decidedly convincing 3D audio. 
In order to improve ‘virtual presence’ it is very important to create audio modules capable 
of reproducing the sound flows inside the virtual environments. Let us examine how the 
OWT architecture is changed after the integration of the audio modules. Three key elements 
were incorporated in the GLOBAL COLLECTION and they are SPEAKER, LISTENER and 
AUDIO BUFFER; all three elements are derived from SOUND DEVICE, parent of all 
changes of the audio architecture. An extension called AUDIO ENVIRONMENT was also 
added that is used from the speaker if it is necessary to have some more specific features. 
The following presents a more in-depth description of the single modules: 

 Sound Device: is the ‘father’ of all that was added within OpenWebTalk to do with 
the sound; without it, it would not be possible to listen to any audio source in the 
application.  

 Listener: without this there could be no definition of the 3D positional audio. It is 
placed (mounted) on the avatar and it depends on what the user hears, and 
especially how they ‘listen’ to it. 

 Audio Buffer: these are the elements the speakers are filled with, and allow the 
speaker to play. Each buffer can be shared between multiple speakers. 

 Speaker: undisputed centrepiece and main element in the case of audio 
OpenWebTalk; the speaker is the element with the most functionality of all. 

 Audio Environment: expands the potential of the speaker regarding the most 
crucial and complex aspects of sound positioning such as reverb or Doppler effect. 

All these items added to the architecture meet the basic rule of the OWT framework; they 
are loaded via XML and are shared between all the users of that particular world at that 
particular time.  
We have also implemented a plug-in for the sound management of behaviours as a result of 
some BEHAVIOUR established by xml to specified objects. 

 
6. Conclusion 
 

This chapter shows the evolution of our research that brought us to the development of the 
OpenWebTalk framework. We presented the OWT framework emphasising rendering 
performance features, configurability and flexibility according to our configuration and 
collaboration model. Our framework used G3D as the rendering engine, one of the most 
important rendering engines in the commercial and scientific arena. It uses hardware 
acceleration to grant high performance and high rendering accuracy. We used ‘Newton 
dynamics’ as the external physics module that allowed us to introduce into the framework 
very accurate collision and occlusion calculation without overloading the framework. 
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Moreover, with the audio module we introduced a rendering multi-channel positional audio 
into the 3D environment to emphasise ‘virtual presence’. Then we highlighted the 
configurability and flexibility aspects of the OWT framework using our configuration and 
collaboration model where it is possible to define sets of rules (behaviours and metaphors) 
according to the Entity-Event-Action paradigm. This approach can be useful to generate 3D 
learning experiences and to easily customise previous experiences. This framework has been 
successfully used in Social-Culture project (http://scultureproject.unisalento.it/) that aims 
to emphasise cultural heritage through collaborative virtual navigations (virtual visits) of 
three-dimensional archaeological museums. 
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Moreover, with the audio module we introduced a rendering multi-channel positional audio 
into the 3D environment to emphasise ‘virtual presence’. Then we highlighted the 
configurability and flexibility aspects of the OWT framework using our configuration and 
collaboration model where it is possible to define sets of rules (behaviours and metaphors) 
according to the Entity-Event-Action paradigm. This approach can be useful to generate 3D 
learning experiences and to easily customise previous experiences. This framework has been 
successfully used in Social-Culture project (http://scultureproject.unisalento.it/) that aims 
to emphasise cultural heritage through collaborative virtual navigations (virtual visits) of 
three-dimensional archaeological museums. 
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