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Preface 
 

In the last few years, the presentation of data and knowledge has been affected by 
significant changes, mainly because of several new features introduced in the field of 
Information and Telecommunication Technologies (ICTs), which provide resources to 
what is nowadays known as the Electronic Generation (E-generation). However, in the 
past, few or no resources could be used to support the distributed collaborative 
research and the out-of-classroom learning, making the learning and research 
inflexible and static. 

To contextualize the learning styles before the E-generation, Engineering, for example, 
is a complex science due to the symbiotic nature of this domain of knowledge (using 
concepts from Mathematics and Physics, for instance). Engineering systems have 
synergistic effects and mutual interactions among subsystems of various natures, 
resulting in difficulties for both professors and students. Examining this example in 
more detail, we could approach the education for mechatronic engineering, which 
comprehends concepts to be taught through lectures, complemented by practical 
empiric laboratories – those who are learning are stimulated to face dynamic 
environments and the processes surrounding that are rather difficult to understand 
just through regular lectures with books, so real models, with realistic representation 
of day-to-day environments are essential. In this way, the students can gain practical 
experience in the applied nature of the engineering with just the in-class education. 

Another example to be mentioned concerns medical and biological education: the 20th 
Century has brought several advances in the biological sciences, as well as increasing 
demands from the health services, with promotion of the implementation of evidence-
based practice. For the first time in the history of mankind, electronic repositories of 
medical knowledge became available in the public domain.  

Therefore, some of the methodologies proposed to fit the different students 
requirements refer to adaptive E-learning in different areas, such as engineering, 
mathematics, biology, or health sciences. Adaptive E-learning was proposed to be 
suitable for students with unique profiles, particular interests, and from different 
domains of knowledge, so profiles may consider specific goals of the students, as well 
as different preferences, knowledge level, learning style, rendering psychological 
profile, and more. 



XII Preface

Another approach to be taken into account today is the self-directed learning. Unlike 
the adaptive E-learning, the Self-directed learning is related to independence or 
autonomy in learning; it is a logical link for readiness for E-learning, where students 
pace their classes according to their own needs. 

This book provides information on the On-Job Training and Interactive Teaching for E-
learning and is divided into four sections. The first section covers motivations to be 
considered for E-learning while the second section presents challenges concerning E-
learning in areas like Engineering, Medical education and Biological Studies. New 
approaches to E-learning are introduced in the third section, and the last section 
describes the implementation of E-learning Environments.  
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Courseware Adaptation to Learning 
Styles and Knowledge Level 

Boyan Bontchev and Dessislava Vassileva 
Department of Software Engineering, Sofia University, Sofia  

Bulgaria 

1. Introduction 
According to initial design of adaptive e-learning, content of an adaptive course should be 
suitable for students with different profiles (Brusilovsky, 1996). These profiles may contain 
information about goals, preferences, knowledge level, learning style, rendering psychological 
profile, and more. Typically, the learning content is developed for some groups of students 
that have similar values of one or several parameters of the student’s profile. For more groups 
of students an adaptive course is designed, the more personalized it is. 

Adaptive Hypermedia Systems (AHS) use models and techniques for adaptive content 
delivery. They are widely used for technology enhanced learning together with applications 
for adaptive e-learning, intelligent tutoring, adaptable multimedia delivery and adaptive 
computer games. AHS are entirely oriented to individual learner profiles. In the context of e-
learning area, AHS deliver hypertext and hypermedia content which is in line with 
particular set of parameters of individual learner profile or group of learners (Dagger et al, 
2005). Adaptive content delivery must be executed in accordance with a pedagogical 
strategy. Thus, in order to assure high quality of an adaptive course it has to embody 
sufficient number of teaching strategies. Such strategies are supposed to be appropriate for 
different types of students diversified according learning style, level of knowledge, shown 
performance, preferences and specific goals, learning history or learners needs, etc. 
(Bontchev, Vassileva, 2009). Strategies are realized by techniques for achieving adaptation 
such as adaptive navigation, adaptive content selection and link annotations (Conlan, 2003). 
Another less frequently used method for the realization of adaptive content delivery is by 
using automatically generated curriculums for each student according to his/her profile or 
through definition of education storyboards, applying appropriate instruction strategies and 
methods. Except adaptation techniques, AHS must choose parameters of the student profile 
which are to be used for controlling adaptation process and to be consistent with the applied 
teaching strategies. Some researchers emphasize the content adaptation to current learner 
skills and level of knowledge (Karagiannidis and Sampson, 2002), while others include as 
well other parameters such as learning history, learners’ needs, learning styles of given style 
family, goals and preferences (Velsen, 2008). 

The present chapter is focused on courseware adaptation to both learning styles and 
learner’s performance as two very important metrics of the learner model. Within the scope 
of ADOPTA (ADaptive technOlogy-enhanced Platform for eduTAinment) project, there was 
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developed a software platform for adaptive content delivery based on a conceptual model 
supporting adaptivity to learning styles and learners performance, i.e. shown knowledge 
level (Bontchev and Vassileva, 2011). After presenting an overview of the conceptual model 
and platform architecture, the chapter discusses approaches for construction of course 
storyboards adaptive to learning styles and knowledge level of individual learners. It 
provides a description of a methodology for adaptive course storyboard design and 
management and, next, shows how this methodology may be used for practical 
development of an adaptive course in XML technologies. Finally, the chapter considers 
some practical results collected during pilot experiments with the platform using the 
adaptive course within a field trial with bachelor students in Software Engineering at Sofia 
University, Bulgaria. The results concern assessment of efficiency of adaptivity and are 
summarized from survey conducted after finishing the adaptive course. 

2. Background 
The main issues treated by modern research in the field of traditional and adaptive e-
learning, may be summarized as follows: 

 creation and reuse of learning objects (Collis and Strijker, 2004) thanks to metadata that 
provides information about a learning resource (Friesen, 2005); 

 support of content adaptation  to different learning styles (Vassileva and Bontchev, 
2011); 

 development of adaptive learning courses, which use various pedagogical approaches 
to different students with different learning style, level of knowledge and preferences 
(Vassileva, 2010). 

2.1 Learning objects and metadata 

Learning objects (LOs) represent a popular paradigm for creating teaching materials. 
Instead organizing teaching into lessons and courses that meet predetermined objectives, 
LOs paradigm provides educational content divided into smaller independent units that can 
be used both separately and combined statically or dynamically with others. 

Generally, the term LO may be used in different meanings, shapes and with different 
granularity. IEEE Learning Technology Standards Committee (LTSC) defines learning object 
as any object, digital or not, which can be used for education or training (IEEE LTSC, 2004). 
LOs have several main properties as follows: 

 modularity - LOs may be used both separately and together with other aggregate; 
 interoperability - in order LOs to be portable between different environments and 

platforms, they are packaged according to the Sharable Content Object Reference Model 
(SCORM) standard (Rey-López et al, 2002); 

 reusability - facilitates authors of content, who can use learning objects in different 
contexts and for different purposes; 

 accessibility - LO should be accessed anywhere, anytime and can be used in different 
networks. For this purpose, each LO should be annotated with appropriate metadata. 

Metadata provide specific information about a resource such as description of its context, 
characteristics, common usage and features. Metadata can describe an object regardless of its 
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level of aggregation such as a collection of resources, a resource or component of a larger 
object. The purpose of using of metadata is to improve and facilitate retrieval of information. 
Furthermore, they can support interoperability, integration of an object and its identification. 

There are three main types of metadata (NISO, 2004): 

 narrative or descriptive metadata that describe resources in such a way that they can be 
more easily detection and identification. They include items such as title, creator or 
author, publishers, language; 

 structural metadata that define in what way and how complex objects are placed 
together, such as how learning objects are included in a page; 

 administrative metadata that provide information for assisting resource management. For 
example, where, when,  in what format and size a file is created. 

The most popular and used metadata standards practically used in the field of e-learning are 
two - Dublin Core (DCMI, 2009) and IEEE Learning Object Metadata (LOM) (IEEE LTSC, 2004). 

2.2 Approaches for creating adaptive courses 

While developing adaptive course, there are two main points which must be taken into 
account. The first of them is the choice of appropriate teaching strategies that will be 
realized within in the course. The second one is the selection of a method for constructing an 
adaptive course. The choice of pedagogical strategies is based on the objectives set out in the 
course such as to make it suitable for learners with different levels of knowledge of students, 
different way of adoption of information, different ways of understanding, different goals, 
preferences, etc. (Paramythis and Loidl-Reisinger, 2003). Approaches to construct adaptive 
courses can be basically divided into three groups (Vassileva, 2010), which are based on: 

 a network of concepts – concepts are linked to connections reflecting the rules under 
which the learner can move from one concept to another. In the simplest case this is the 
sequence in which they should be visited by students (Weber et al, 2001). There are two 
chief disadvantages of this approach: first at all, it is difficult to add more than one rule 
to a relationship. The second drawback is that a representation in the form of network 
of the learning process hampers its monitoring; 

 creation of several traditional courses - learning content in each is different from others and 
it is appropriate for a group of learners. The disadvantage of this method is that if you 
add a new group or condition for adaptation you will need to create a new course or 
revise the contents of all courses; 

 other way to create adaptive course is by setting rules for transition from one concept or page 
to another one (Grimón, 2009). These rules can be implemented in two main ways – 
either they can be programmed in the course itself or, otherwise, to be described in a 
particular format that is understandable to the system delivering adaptive content. The 
first approach requires programming skills by the author and intensive labour. The 
second one allows more freedom of the author and the ability to add transition rules 
and criteria for selecting the most appropriate content. 

2.3 Impact of learning styles 

Learning styles are determined by emotional, psychological, physical and sociologically 
dependant characteristics of an individual. They define ways of extracting, learning and 
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generalization of knowledge and competences by learner and, thus, are very important 
when trying to improving the performance of given learner (Lindsay, 1999). 

Various families of learning styles have been developed during last decades. There may be 
encountered four basic types of approaches for identifying different learning styles (Sadler-
Smith, 1997): 

 learning styles presenting personal cognitive characteristics about dependence or 
independence in given area; 

 styles dealing with specific learning preferences; 
 approaches combining elements of cognitive and personal learning preferences; 
 styles determined by ways of processing information - based on the cyclical model of 

(Kolb, 1984) for converger, diverger, accommodator, and assimilator styles and, as well, 
on the Honey and Mumford model (Honey and Mumford, 1992). 

The Honey and Mumford’s model is based on the theory of Kolb according to which 
learning process has two bipolar dimensions - perception (y axis in fig. 1) and processing of 
information (x axis). Thus, four styles can be formed by this two-dimensional coordinate 
system, where one of them is often dominant to the other styles. The model includes the 
following four predefined learning styles: activist (fond of new ideas and experiments and 
looking for challenges of practical tasks rather than listening to lessons), reflector (preferring 
to observe subjects from different perspectives and to reflect about their characters), theorist 
(opposite to activist, looking for formalization, concepts and logical theories) and pragmatist 
(opposite to reflector, prefers to apply theoretical ideas into practice). Fig. 1 represents 
graphically relations between learning styles of Kolb (in internal circle) and Honey and 
Mumford found in (Munoz-Seca and Silva Santiago, 2003). The activist matches Kolb’s 
styles of accommodator and diverger and feeds from concrete experience, while the theorist 
corresponds to converger and assimilator and benefits from abstract conceptualization. The  

 
Fig. 1. Learning styles of Kolb versus styles of Honey and Mumford 
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pragmatist corresponds to accommodator and converger and looks for active experimentation, 
while the reflector is stacked to diverger and assimilators and prefers reflective observation. 

The learning styles of Honey and Mumford are widely used within pedagogical strategies 
for adaptive learning. Therefore, the learning stylistic character is polymorphic as far as it is 
represented by levels of affiliation to several learning styles. These levels are determined by 
a specific style test performed before starting adaptive learning.  

2.4 Existing adaptive e-learning platforms 

In recent years, the field of adaptive e-learning systems marks significant progress with the 
emergence of many new applications, realizing and reflecting new trends in this area, and 
improvement of old ones. Some adaptive e-learning platforms enabling to define different 
teaching strategies in one course are as follows:  

 InterBook (Brusilovsky et al, 1996) – its aim is to deliver to learners educational content 
in form of adaptive electronic textbooks. This electronic textbooks consist of specially 
annotated HTML pages and the InterBook provides tools for their creation and 
presentation. In InterBook learning content is organized into a network of concepts. 
Each HTML page of an electronic textbook is associated with a set of concepts. For each 
concept, InterBook stores individual level of knowledge of the learners and based on it 
dynamically generates links between pages. In this way adaptation is only to 
knowledge of learners; 

 NetCoach (Weber et al, 2001) – similarly to above system knowledge of each course are 
organized in a network of concepts. Links between them are two types. The first type 
shows what additional concepts are needed to acquire a certain term. The  second type  
indicates that a concept is assumed to be acquired by a student if he/she has already 
learned several other. The NetCoach implements adaptation to learner knowledge and 
goals, but it does not support adaptation to learning styles; 

 PERSO (Chorfi and Jemni, 2004) – it is an adaptive e-learning system based on 
processing and natural language recognition. It uses sophisticated techniques to 
understand the information entered by students and their requirements and on this 
bases the system constructs a curriculum. PERSO does not support standards for 
learning content and course packaging and adaptation to learning styles; 

 AHA! (De Bra et al, 2006) - educational content is stored in fragments, pages and 
concepts. Pages are represented as XML files. The pages contain information about 
different concepts and their relationships. Moreover, pages are composed of fragments, 
for each of which are defined conditions. These conditions specify whether a fragment 
will be visible to a learner. In this system, as in InterBook adaptation is implemented 
again only to knowledge of students. 

Main drawbacks of considered systems are basically two - lack of effective support of 
adaptation to learning styles and lack of a convenient graphical interface with which a 
course instructor can monitor how the course will proceed for different learners (most 
systems provide a scheme of relationships between concepts and learning objects, however, 
it makes not clear how to conduct the training process). 

ADOPTA platform covers the shortcomings mentioned above (Bontchev and Vassileva, 
2009). It provides several tools with rich, comfortable and effective interface for creating 
adaptive courses and it supports learning styles of all kinds (the ADOPTA system is not 
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generalization of knowledge and competences by learner and, thus, are very important 
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styles of accommodator and diverger and feeds from concrete experience, while the theorist 
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indicates that a concept is assumed to be acquired by a student if he/she has already 
learned several other. The NetCoach implements adaptation to learner knowledge and 
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concepts. Pages are represented as XML files. The pages contain information about 
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for each of which are defined conditions. These conditions specify whether a fragment 
will be visible to a learner. In this system, as in InterBook adaptation is implemented 
again only to knowledge of students. 

Main drawbacks of considered systems are basically two - lack of effective support of 
adaptation to learning styles and lack of a convenient graphical interface with which a 
course instructor can monitor how the course will proceed for different learners (most 
systems provide a scheme of relationships between concepts and learning objects, however, 
it makes not clear how to conduct the training process). 

ADOPTA platform covers the shortcomings mentioned above (Bontchev and Vassileva, 
2009). It provides several tools with rich, comfortable and effective interface for creating 
adaptive courses and it supports learning styles of all kinds (the ADOPTA system is not 
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oriented to a specific family of learning styles). ADOPTA is consistent with a specific 
conceptual adaptability model of AHS (Vassileva and Bontchev, 2009) called triangular 
model. The next part of the chapter is devoted to description of this model and of software 
architecture of the ADOPTA platform. 

3. Overview of the ADOPTA conceptual model and platform 
The ADOPTA platform supports adaptive e-learning content delivery according to 
contemporary requirements of AHS such as interoperability based on exchange of 
educational materials and activities, reusability of LOs and, most important, construction of 
e-learning courses with adaptation to user learning styles and user knowledge level (Velsen, 
2008). The software architecture of the platform is oriented to the ADOPTA conceptual 
model of adaptive hypermedia, so next sub-sections briefly presents this model. 

3.1 Principal conceptual model 

The ADOPTA platform is compliant to a special triangular conceptual model of AHS 
conceived as an extension of the AHAM reference model (De Bra et al, 1999). The AHS 
triangular model is described in details in (Vassileva et al, 2009) and uses a metadata-driven 
design approach separating narrative course storyboard from educational content and 
adaptation control engine (ACE). Fig. 2 represents a mind map of this triangular model 
which refines the AHAM reference model by dividing in three the separate models 
describing learner, domain, and adaptation. It follows a brief description of both structure 
and semantic of these sub-models. 

 
Fig. 2. Mind map representation of the ADOPTA model (Bontchev et al, 2009) 
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3.1.1 Learner model  

The chief specifics of the learner model conclude in separation of a sub-model of goals and 
preferences from another sub-model of shown knowledge and performance, as the first sub-
model is appropriate to be used for personalization while the second one is suitable for 
adaptive content selection. The model of learning style (such as activist, reflector, pragmatist 
and theorist) is detached as another sub-model as far as it determines the adaptive 
navigation throughout the narrative storyboard. Learning character is polymorphic and 
includes affiliation to several learning styles which is set before starting adaptive e-learning 
by dedicated pre-tests. On other side, learner’s knowledge level may be assessed many 
times during adaptive learning process in order to adapt content through adaptive content 
selection. 

3.1.2 Domain model  

The domain model is composed of domain ontology, multimedia learning content 
granulized in LOs according to the SCORM standard, LO’s metadata as defined by IEEE 
LOM (Learning Object Metadata) and, as well, ontology metadata. The ontology represents 
semantic references such as of type IS_A (i.e., a term is of subtype of another term ) and of 
type HAS_A (a term has a relationship with another term or concept) between terms of 
given knowledge domain and is built during content composition process by content 
author. It is used for browsing, filtering and searching of LOs when the instructor disposes 
appropriate LOs onto course pages of a storyboard graph of the course in order to be 
delivered to the learner adaptively according his/her learning style and knowledge level.  

LOs are annotated by LOM metadata with three main purposes: 

 instructors use LOM annotations in order to dispose LOs onto pages of given path 
within the storyboard appropriate for a learning character with specific polymorphic 
style. As well, they take into account LO’s complexity level and may dispose onto one 
page several LOs about a concepts and having different levels of complexity; 

 the adaptation control engine selects for the page going to be delivered to the learner 
LO with appropriate complexity according his/her result shown at last intermediate 
assessment; 

 export/import facilities assure interoperability with other e-learning systems thanks to 
LOM annotations of LOs been exported/imported. 

3.1.3 Adaptation model  

The adaptation model (AM) is responsible for the design of adaptive e-learning courses. In 
each of these courses is included a set of pedagogical strategies and each of them is suitable 
for students with a learning character. Adaptive courses contain learning objects with 
different complexity and the instructor of the course determines what level of student 
knowledge is appropriate to visit the relevant content. Furthermore, AM defines rules for 
selecting the most appropriate teaching strategy for a student accordance with his/her 
learner model. AM consists of three sub-models - narrative storyboard, storyboard rules and 
narrative metadata. The narrative storyboard sub-model includes a description of a 
storyboard graph for each course. Storyboard graphs are represented in form of directed 
graph, which has two types of nodes - control points (CP) and narrative pages. Narrative 
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pages consist of a list of LOs but CPs include questions assessing students' knowledge. 
Between two CPs the course instructor can define paths named work paths (WP) that consist 
of interconnected narrative pages. Each WP refers to a pedagogical strategy and it has a 
weight which indicates the suitability for a learning character. The storyboard rules sub-
model includes the logic of choice for passing through a narrative graph and for 
determining which LOs are visible to a learner. The narrative metadata sub-model contains 
metadata for storyboard rules such as annotations of links between narrative pages, 
thresholds in CPs, which determine level of assessment performance for continuing to next 
CP or for returning back to the previous CP. 

3.1.4 Adaptation control engine 

The adaptation control engine (ACE) communicates with each of the three main models 
(learner model, domain model, and adaptation model) in order to generate and deliver the 
most appropriate learning content to the learner. The main task of the ACE is to select the 
most suitable WP of the narrative storyboard graph for a learner as taking into consideration 
his/her learning styles and shown by him/her knowledge and performance. For a learner 
the best WP is calculated using the following formula:  
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where – k is number of WPs from the current CP to the next; ci is one of learning styles; 
WWPk(ci) is the weight of the k-th path WPk for ci and WCi (l) is level in which a learner l 
belongs to the learning style ci and this value is determined by test at the beginning of each 
course (Vassileva, 2010). 

Other basic functions of the ACE are following: 

 selecting the appropriate LOs in narrative pages; 
 selecting the appropriate test questions in CPs; 
 calculating test results of answers; 
 updating weights of WPs based on these results.  

The formula for updating the weight of WP, after solving test in CP k+1, is following:  
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where – WWPk(ci) is the new weight of WPk for ci; WPk is k-th WP from CP k to CP k+1; ci is 
one of learning styles; W׳WPk(ci) is initial value of weight for path WPk for ci; W׳׳WPk(ci) is the 
difference from the value of current weight and initially set weight WPk for ci; R is test result 
of a learner l for CP k+1; P is adjustment parameter with default value equal to the threshold 
defined for CP k+1. The goal of P is to restrict the increase of the value of WWPk(ci) in case of 
unsatisfactory test results; WCi (l) is level in which a learner belongs to the learning style ci; N 
is the number of students passed until the moment through the path WPk. Thus, it will avoid 
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the incorrect situation, where weights of the WPs which have passed more students through 
are higher (Vassileva, 2010). 

Thus, for a particular user, the best path is calculated and stored for the learner as current 
work path. When learner asks for the next page, adaptive engine may hide objects with 
specific complexity level that are not important for this user. As many users may pass 
through this path, ACE has to remember user tracks. The learner may abandon the work 
path determined by ACE (by clicking on a link leading to another page outside of the path), 
the ACE continues tracking traversed pages and provides return back to the calculated path 
by adding the link “Return to the WP” to each page. In the end of the path, the learner 
reaches the next control page, where ACE generates a test including some of the questions 
linked within the ontology to LOs delivered to the learner by showing pages of the 
storyboard graph. As far as these delivered LOs are with complexity level suitable for the 
individual learner, the questions related to these LOs will be appropriate to this learner, as 
well. 

As well, ACE stores some statistics of learner feedbacks to determine which pages are useful 
for which kind of users. This gives the adaptation engine ability to learn from their skills 
and perform better estimations for paths for further learners. 

3.2 Platform architecture 

As an adaptive e-learning platform, ADOPTA includes an authoring tool, an instructor tool, 
an adaptation control engine and a set of administration tools, all communicating through a 
common data repository. Fig. 3 represents the principal architecture of the ADOPTA 
platform. The work process of mastering and delivery of adaptive courseware defines five 
working roles: 

 
Fig. 3. Principal architecture of the ADOPTA platform 
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the incorrect situation, where weights of the WPs which have passed more students through 
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 Author – responsible for design of annotated LOs organized within ontology, by means 
of the authoring tool; 

 Instructor – uses the instructor tool to design a course as a narrative storyboard for 
courseware delivery with adaptation to learning styles and knowledge, respectively by 
defining work paths disposing LOs onto pages appropriate for style and knowledge 
level; as well, the instructor should define paths weights, link annotations and 
assessment grade thresholds in control pages, as explained in the next chapter;  

 Supervisor – responsible for tuning and controlling the adaptation engine, e.g. starting 
and stopping adaptation behaviour for a given student group, tracking progress of 
every learner, etc.; 

 Learner – solves test for determining his/her learning character (polymorphic learning 
style) and, next, follows the chosen course by receiving adaptive content from the 
delivery tool and solving assessment tests at control points 

 Administrator (not shown in fig. 3) – controls all the users by means of administrative 
tools. 

As presented in the figure, the tools for authoring learning contents, adaptive instructional 
design and adaptive content delivery are based respectively on the models describing 
domain, adaptation and learner, as explained before. The adaptation control engine uses all 
these three models in order to perform a successful control over the adaptation process. 

4. Field trial 
An adaptive e-learning platform should be evaluated regarding its functional and quality 
properties, within a field trial under practical working conditions. In order to evaluate 
experimentally the ADOPTA platform described in the previous section, the field trial 
involved design of an adaptive course and its delivery to four-year students of the bachelor 
program in Software engineering at Sofia University, Bulgaria. The present section explains 
in detail the methodology used for creation of the field trial and, next, some issues about the 
design and delivery of the adaptive course. 

4.1 Methodology for design and management of adaptive courses in ADOPTA 

ADOPTA uses a special methodology for creating e-learning courseware allowing various 
instructional strategies for adaptive design using non-linear course storyboards. The 
methodology strongly depends on the strict separation and independence between the three 
main sub-models within the conceptual model and on the mechanisms used for course 
delivery with adaptation to learning style and student knowledge level.  

Fig. 4 depicts basic methodology steps to be followed when designing adaptive courses. 
Several key issues should be discussed here: 

 Creation of annotated LOs is supposed to be executed by using the ADOPTA authoring 
tool, however, any other authoring environment compliant to the SCORM (Rey-López, 
2002)  and IEEE LOM (Learning Object Metadata) standards (IEEE LTSC, 2004). 
ADOPTA authoring tool allows interoperability with other systems by means of 
facilities for export and import of LOs. Organization and annotation of LOs is of key 
importance because it facilitates their usage while designing and maintaining the 
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storyboard graph of an adaptive course. For example, LOs annotations about their 
appropriateness for specific polymorphic learning character (comprising of a 
combination of learning styles) and given complexity level are to be used for creating a 
storyboard graph providing adaptivity toward learning styles and knowledge level. 
While IEEE LOM is used for annotating LOs by setting and inheriting appropriate 
metadata from types to sub-types within the ontology, the ontology itself is to be 
annotating using OMV (Ontology Metadata Vocabulary) (Hartmann et al, 2005); 

 
Fig. 4. Methodology for adaptive course design 

 Construction of storyboard graph has to imply development of sufficient working 
(learning) paths covering different polymorphic learning characters, i.e. different 
combinations of style levels for reflector, theorist, activist and pragmatist. It is not 
realistic to cover all the possible combinations of such style levels, however, even after 
developing paths for the four quadrants of fig. 1 the adaptation control engine will be 
able to select the path mostly suitable for predominant styles of given individual learner 
character. During the next step, the instructor should define a set of weights for each of 
these paths, where the set comprises four values showing appropriateness of the path 
for each learning style; 

 Disposal of LOs appropriate for given learning character (combination of learning 
styles) should be performed after following a pedagogical strategy. The methodology 
does not fix or restrict such a strategy, thus, instructors are free to select upon their 
preference; 

 Setting appropriate annotations of inter-page links makes possible the adaptation 
control engine to display them in order to inform the learner about all other possible 
opportunities for navigation from given course page, different from the next page for 
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storyboard graph of an adaptive course. For example, LOs annotations about their 
appropriateness for specific polymorphic learning character (comprising of a 
combination of learning styles) and given complexity level are to be used for creating a 
storyboard graph providing adaptivity toward learning styles and knowledge level. 
While IEEE LOM is used for annotating LOs by setting and inheriting appropriate 
metadata from types to sub-types within the ontology, the ontology itself is to be 
annotating using OMV (Ontology Metadata Vocabulary) (Hartmann et al, 2005); 

 
Fig. 4. Methodology for adaptive course design 

 Construction of storyboard graph has to imply development of sufficient working 
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able to select the path mostly suitable for predominant styles of given individual learner 
character. During the next step, the instructor should define a set of weights for each of 
these paths, where the set comprises four values showing appropriateness of the path 
for each learning style; 

 Disposal of LOs appropriate for given learning character (combination of learning 
styles) should be performed after following a pedagogical strategy. The methodology 
does not fix or restrict such a strategy, thus, instructors are free to select upon their 
preference; 

 Setting appropriate annotations of inter-page links makes possible the adaptation 
control engine to display them in order to inform the learner about all other possible 
opportunities for navigation from given course page, different from the next page for 
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the path determined for delivery by the engine. Thus, the engine does not restrict the 
learner to follow exactly the path selected as best path for the learner; he/she may leave 
this path and return to it latter or, otherwise, reach the next control point via another 
path. In any case, the engine will track all the pages traversed by the learner, in order to 
select at the next control point questions about LOs delivered at these pages. Note, there 
are also other details about tuning of the adaptation control, such setting tuning rules 
for selection of LOs with complexity level appropriate for learner assessment grade 
shown in the previous control page. 

Some steps of the methodology described here may be used for management of the 
storyboard during the adaptive delivery, as well. For example, changing the weights of the 
working paths in a graph and/or the threshold’s values at the control points may be 
executed during run time while tracking learning process and assessment results.  

Designing curriculum and shaping the course are two aspects of an iterative and 
incremental process that are consistent with the learner model. Once content is created by 
the author, it must be linked appropriately in the course by the instructor and adapted 
according to the goals, knowledge, learning style, etc. These two aspects have a great 
influence on the efficiency of adaptive e-learning methods. The process of creating LOs of 
the curriculum refers to the subject domain, while the process of designing a course 
storyboard is determined by the applied adaptation model. 

4.2 Design of a field trial using ADOPTA 

One of the main objectives of the experimental field trial consisted in evaluation of 
courseware delivery using ADOPTA offering adaptation to both learning style and student 
knowledge level. Thus, the field trial was focused on realization of adaptive course in XML 
technologies using the ADOPTA platform which is a joint effort of content authors, course 
instructors and learners’ supervisors. The process workflow involved the steps of the 
methodology for adaptive course design shown in fig. 4. Authoring of content about XML 
technologies domain supposes creation of LOs of various types such as narrative LO 
(lesson), exercise, project, essay, problem solving, games and others, in order to be used next 
by instructors when designing course storyboard graphs by means of the instructor tool. 
Fig. 5 gives a distribution of learning objects types to learning styles of Honey and Mumford 
found by the authors during a decade of practical experiments in e-learning (Bontchev and 
Vassileva, 2009). LOs of type game, essay, project, problem-solving, comparative analysis 
and observation task can also be used to assess learner’s knowledge as well as classic tests. 
LOs for assessment are given in the figure as yellow ellipses and may be used for self, peer 
and teacher assessment as presented in the legend. Finally, the LOs are to be annotated and 
organized within domain ontology as described in (Bontchev and Vassileva, 2011). 

Construction of adaptive course storyboard may be based either on using strongly connected 
storyboard graphs or on parallel branches (Vassileva and Bontchev, 2011). The approach using 
parallel branches has two main streamlines (i.e., work paths) – one with educational content 
intended for theorists and another designed for opposite learning style - activists. As shown in 
fig. 6, each of these two main WPs is divided at several places symmetrically of two other 
paths which merge again. Thus, design in parallel branches produces two sets of WPs - one 
containing all the WPs for activists and other containing all WPs for theorists. Therefore, it is 
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possible for predominant activists or theorists to add also LOs appropriate for pragmatists or 
reflectors (according distribution of types of LOs shown in fig. 5).  

 
Fig. 5. Appropriateness of learning objects types to learning styles of Honey and Mumford 

 
Fig. 6. Partial view of a narrative storyboard graph in the ADOPTA instructor tool 
(Vassileva and Bontchev, 2011) 
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After designing and tuning of the storyboard of an adaptive course, the adaptation control 
engine is able to deliver paths and LOs appropriate respectively to individual learning 
character and learner’s knowledge level. For this purpose, the learner is supposed first to 
pass the Honey and Mumford survey for assessment of the learning character (styles) and, 
next, to start the adaptive course. If, at the first control point, the learner assessment grade 
will surpass the threshold defined at that threshold, then the learner will be able to continue 
through the path selected by the engine or to navigate to another page making part of 
another path - by using the annotated link to that page referred as outgoing link. Fig. 7 
presents a view of the initialization of the weights of WPs in the Instructor tool, for the 
developed adaptive course in XML technologies. Each working path consists of a list of 
pages and has weights for activist, reflector, theorist and pragmatist (when using styles of 
Honey and Mumford). In contrast with this adaptive navigation, adaptive content selection 
is possible by placing at each page of the path several LOs with different complexity levels. 
The adaptation control engine will select LOs with appropriate complexity for given learner 
depending on his/her last assessment grade received at the previous control point and, as 
well, according tuning rules for selection of LOs with complexity level appropriate for that 
grade. 

 
Fig. 7. Initialization of the weights of WPs in the instructor tool 

5. Assessment results 
The chapter presents results of evaluation of courseware delivery using the ADOPTA 
platform offering both learning style and knowledge level adaptations. The experimental 
field trial was conducted by using the adaptive course in XML technologies specially 
designed for this purpose. 84 four-year students of the bachelor program in Software 
engineering took participation in practical experiments. These students were divided into 
two groups with equal number of participants and equilibrated in terms of average student 
performance demonstrated in previous assessments of the same students. The first, so called 
control group passed course modules of a traditional, non-adaptive course in XML 
technologies given by the Moodle platform, while the experimental group took the same 
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modules using ADOPTA where the course was adapted to individual learning styles and 
student performance shown at intermediate assessment test. Thus, each student of the 
experimental group obtained learning materials, which are most suitable for her/his 
individual learning character and knowledge level between two control points.  

Students from both the control and experimental group had passed through the same 
assessment tests and received grades in percentage from 0 to 100%. The assessment results 
of both student groups are given in fig. 8 by interpolated curves in order to express better 
dynamics and changes. The eloquent difference between these two curves shows in a clear 
way that students of the experimental group (taken the adaptive version of the same course) 
have demonstrated rather better performance, with average result of 77,89% while average 
result of the control group is 67,14%. As far as both the student groups consisted of the same 
number of students (42 for a group) with equal average performance shown in former 
assessments, we conclude the adaptive delivery of the same course is more effective than the 
traditional one and, thus, the adaptation to style of learning and student performance makes 
learning more appealing and productive. 

 
Fig. 8. Assessment results for non-adaptive and adaptive courses in XML technologies 

In order to assess the effectiveness of adaptivity to learning styles, a special survey was 
conducted among the students of the second group after the end of the adaptive course in 
XML technologies. The questions asked for students’ opinions about the quality of adaptive 
courseware delivery. Fig. 9 presents students' answers using 5 levels Likert scale with the 
levels: 1=strongly disagree, 2=disagree, 3=not sure, 4=agree, and 5=strongly agree, for the 
following questions presented in the form of statements: 

1. Learning objects delivered within the course fit your learning style presented by values 
for theorist, pragmatist, reflector and activist). 

2. The ADOPTA platform does really adapt the courseware to my learning style. 
3. The assignments, exercises, topics for essays and games were interesting and valuable 

for me. 
4. The ADOPTA platform effectively adapts the learning courseware to my knowledge 

level. 
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Fig. 9. Results about assessment of adaptiviy to students learning styles and knowledge 
level 

The results presented in fig. 9 show a rather positive feedback on the effectiveness of 
platform adaptivity to learning styles (questions 1 and 2) as well as to student knowledge 
level (questions 3 and 4). The majority if students do agree on the effective adaptation of 
courseware according to the student character issues such as learning style and knowledge. 
Though they are some students who cannot judge on this, learners regard learning objects 
delivered to them by the platform as valuable and useful for individual learners.  

Next four questions (statements of the survey) regard the issue of preference of adaptive 
platform to non-adaptive one. They are given below: 

1. I prefer an adaptive e-learning platform to non-adaptive one with similar 
implementation. 

2. Adaptive learning does lead to greater knowledge and results compared with non-
adaptive learning. 

3. I would use this adaptive learning system again. 
4. I would recommend this adaptive learning system to other students. 

Fig. 10 provides results about general assessment of ADOPTA as an adaptive e-learning 
system. It is important to underline students recognize the benefits of adaptive systems 
concerning obtaining greater knowledge and results compared with non-adaptive learning. 
The majority of them agree on the fact the adaptive learning does lead to greater knowledge 
and results compared with non-adaptive learning, which has been proven by this field trial 
(see fig. 8). There are few students who are not sure. In general, the majority of students 
regard adaptive learning as a more arguing and effective way of technology-enhanced 
learning than the traditional non-adaptive one. 
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Fig. 10. Results about a general assessment of ADOPTA 

6. Conclusion 
Adaptive hypermedia platforms continue being a challenge in modern development of 
technology enhanced learning. This chapter addressed practical approaches for design and 
construction of courseware delivery with adaptation on one hand to learning style and, on 
the other hand, to knowledge level (i.e., to student performance). The approaches were 
implemented using the ADOPTA platform, together with a field trial aiming at general 
evaluation of the platform and assessment of effectiveness of the adaptation to learning style 
and knowledge. While adaptivity to learner style is achieved on the base of explicit learner 
pre-tests and adaptive navigation within the storyboard graph, adaptivity to learner's 
performance is implemented via adaptive content selection by using assessment results at 
each control page of the course in order to select LOs with appropriate level of complexity 
for a given learner. Both the types of adaptation are managed by the adaptation control 
engine of the ADOPTA platform. 

The presented results obtained from the field trial are based on questionnaire about realized 
adaptivity to students learning styles and knowledge level. They reveal a rather positive 
students appreciation of achieved level and quality of adaptivity and show adaptive courses 
are an appeal and challenge for students to learn better and more. Here, implementation of 
the storyboard graph for adaptive course delivery is of crucial importance. The instructor 
has to select types of LOs appropriate for given polymorphic learning style by taking in 
consideration distribution of LOs types to learning style as shown in fig. 5 or a similar one. 
As well, to tune the engine to select at each non-control page of the course LOs with 
complexity level adequate to assessment results shown by the learner. 

Finally, authors have to underline that presented results are context-dependant – they are 
obtained by conducting an adaptive course with bachelor students in Software Engineering. 
During the experiments, it has been found these students have in general a learning 
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character where reflectors and theorists are the predominant learning styles. They are quite 
possible other results for adaptive course delivery to students with different predominant 
learning styles.  

Though experimental results gained by the initial case study are quite positive, there should 
be mentioned some shortcomings of the chosen approach. First at all, learning style of an 
individual is not fixed forever but may evolve with time, even during delivery of a course. 
Therefore, learning style should be assessed not only by a pre-test in the very beginning of 
the course but also at some latter points. However, filling up several times the same 
questioner containing decades of questions for determining individual style would be 
tedious and boring for learners. A much better approach for the practice will be determining 
learning style implicitly during the e-learning process, e.g. by an intelligent agent tracking 
learner behaviour and choice of types of learning objects. Therefore, this should be a starting 
point for our future works. On other hand, optimizations could be introduced to work 
process of instructors, as well. For the moment, they should develop paths for adaptive e-
learning within the course graph and, next, to set weights of these paths for different 
learning styles of the chosen style family and to place on pages of the paths and to tune 
various LOs of different level of complexity. Another, much easier and faster approach 
would be to set appropriateness of LO for learning styles together with LO complexity level 
while authoring learning ontology and course content by means of the authoring tool. Next, 
the instructor should only select within the ontology the order of partitions of the ontology 
to be delivered to learners. Then, the adaptation control engine will start traversing these 
ontology partitions in the selected order and will choose LOs appropriate for particular 
learner style and performance. For sure, such an approach misses ordering and annotation 
of individual LOs according an advance pedagogical strategy for a specific learner character, 
however, it would be much easier for practical usage and therefore should be considered for 
future design and experimental works. 
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1. Introduction 
When dealing with critical systems that users must comprehend to take full advantage of 
their functionalities, deployment and support teams must take special care with users’ 
training. Even when the development process takes in consideration testers’ feedback, there 
is always the need for more users’ hands-on training.  

Of course, this is easier said than done. Users tend to be overloaded with regular tasks and 
finding time to assist a regular formation course is difficult, if not impossible in most cases.  

This chapter presents the work being done in Cape Verde relating this subject. We have 
been developing an information system, named SIPP, to be used in the Courts of law in 
Cape Verde. SIPP stands for Sistema de Informação do Processo Penal (Criminal Proceedings 
Information System). SIPP is a joint initiative, sponsored by the Ministry of Justice of Cape 
Verde and developed from scratch by the University of Aveiro and University of Cape 
Verde. The SIPP has been in testing phase since June 2010 and will be put in production 
phase on October 2011.   

Being a project developed from scratch, there were some barriers (cultural, practical and 
technical) that we had to overcome to succeed in the project. 

One of our main concerns was to help users apprehend how the system works; so, along 
with online and printed material, we have developed a teaching system that simulates the 
different actors and automatically checks if the right information was collected from a given 
textual document, giving feedback to the users about the task's outcome. 

To do so, we’ve deployed a training platform with the same web interface, but different 
data. On this platform, users could rest at ease on regards of the correctness of the 
information inserted. Moreover, this was a controlled scenario, so we could monitor and act 
accordingly when the actions made by the user were distinct from the expected ones. This 
chapter explains briefly the overall information system and explains in depth the workflow 
architecture used to deploy the assisted learning process. 

From the preliminary results, there are a few key aspects worth mentioning: 

 Being a country divided  in 10 islands, regular user’s training, using traditional 
classroom approaches is very expensive (mainly due to the country’s geography) and 
bothersome, mainly due to the shear amount of regular court work left behind during 
training stage; 
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 Computer illiteracy had to be tackled first 
 When users started working with the assisted on-job training, the overall opinion was 

that such system enabled them to understand the several available options faster and 
without worries of destroying real life work due to incorrect system operation. 

The remainder of this chapter is organized as follows: section 2 briefly presents the state of 
the art on the On-job training subject, while section 3 presents an overview of SIPP. Section 4 
contextualizes SIPP in Cape Verde and Section 5 details the assisted on-job approach in 
SIPP. Finally, section 6 presents the conclusions of the presented work. 

2. Online on-job training – State of the art 
Considering the online training and e-learning platforms, several different approaches have 
been followed, from simple online tutorials, to adaptive context-aware (Bahreininejad & 
Yaghmaie, 2011) and platforms based on semantic infrastructures context-aware (Yu, Zhou, 
& Shu, 2010).  

With web 2.0, these e-learning applications evolved to social networking applied to e-
learning (Abel et al., 2010; Angelaccio & Buttarazzi, 2010).  

Regardless of the information model underneath the e-learning process, useful skills and 
knowledge, resulting from the investment in human capital has been preconized as a 
distinctive factor for employees and employers alike (Schultz, 1961). Life-long learning is 
considered an important aspect for both employees and employers (Wu & Huang, 2007).  

On-job training contributes to the enhancement and development and human capabilities, 
according with the trained topic (AlAli, 1997). More importantly, continuous on-job training 
helps users feel more satisfied with their current position (Georgellis & Lange, 2007). 

However, as pointed out by (Borchardt & Grap, 2010), e-learning systems are usually 
targeted at traditional learning institutions and at big enterprises. This is mainly due to the 
costs per trainee of developing the information structure with the specificities and 
particularities of each small and medium enterprise. 

2.1 E-learning in higher education 

In more traditional education environments, like higher education institutions, e-learning 
frameworks have been in use for decades. Most of the e-learning platforms available have 
the ability of presenting information in terms of single lectures or courses.  

According to (Lokken, Womer, & Mullins, 2008), the most used e-learning frameworks in 
the US in 2007 were Blackboard, Angel and Moodle. 

Blackboard (Blackboard Inc., 2011) is a commercial e-learning solution, featuring options for 
almost all requirements in teaching. Course materials, work deliveries and discussion 
forums and amongst the most used features. 

Angel was acquired by Blackboard in May 2009, so its features became an integrant part of 
the Blackboard’s core. 

Moodle (Moodle Trust, 2011) is an open source Learning Management System, that has 
been gaining momentum and supporters throughout the academic community. Again 
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course materials, work deliveries and discussion forums are amongst the most used 
features.  

In (Thibault, 2011) authors compare both e-learning platforms. Two of the most widely used 
Learning Management Systems are almost identical in terms of functionality (roughly 95%). 
The author states that with added plugins and extensions, it is possible to obtain 100% 
coverage of site’s functionality.   

2.2 On-job training – Final thoughts 

Considering our scenario: teach users how to use a specific application, besides the 
approach of (Borchardt & Grap, 2010), no other approach seemed to benefit the teaching of 
SIPP’s functionalities. Therefore, we started developing a model where users could not only 
practice, but also learn to use the system. This will be discussed in later sections. 

3. SIPP overview 
SIPP is a web-based information system, developed to support the digital workflow of law 
case files in the Courts of Cape Verde. With this system, the different may interact with the 
case files. 

SIPP’s users are the Court’s administrative staff, Judges, District Attorneys, Lawyers, the 
Court’s Presidents and Members of the Supreme Councils.  

SIPP is an N-tier system, composed, in fact by two distinct applications: a web-based 
application and a service-oriented workflow engine. Figure 1 outlines SIPP’s architecture. 

 
Fig. 1. SIPP Overview 

Each user will access the application and expects to be able to execute the same tasks as it 
would on Court. This means that access to sensitive information within the case files must 
be handled with care: each user cannot access more data that it would on the paper case 
files.  

3.1 Database and business logic 

The database layer consists of a high availability SQL Server cluster. This cluster holds 
database records and stored procedures for better query performance on complex queries. 
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Each user will access the application and expects to be able to execute the same tasks as it 
would on Court. This means that access to sensitive information within the case files must 
be handled with care: each user cannot access more data that it would on the paper case 
files.  
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The business logic consists of a set of classes and transformations for simpler queries and for 
regular CRUD (Create, Retrieve, Update and Delete) operations. Enhanced retrieve 
operations (information of related objects, complex cross table queries, etc.) is also handled 
on the business logic layer. All database handling is processed by this layer. This enables a 
one point entry for audit and log tracking of operations. Also, security enforcement 
mechanisms are in place at this layer, to prevent erroneous or misbehaved application or 
user access. 

3.2 Workflow service 

The workflow service is deployed on an application cluster, enabling high availability of the 
service. The service is built upon Microsoft.Net Workflow Foundation (Zhu, 2010). Service 
communication is built upon Windows Communication Framework (Resnick, Crane, & 
Bowen, 2008). 

To orchestrate and manage the information flow from the handling of case files, we decided 
to use a workflow engine. This seemed like a natural step towards the dematerialization of 
the case files. Workflow engines are capable of handling long running processes. In this 
particular case, a single process may stretch for several years, depending on its complexity 
and number of appeals. One other feature that we intended to explore using workflow 
engines was the dynamic update of a given workflow. When referring to laws and systems 
that must adhere to the strict regulation of laws, if significant changes in the law are made, 
then systems must be updated. However, the updating method must consider the 
specificities of running processes and how these should be treated: in some cases, the new 
laws will only apply to new case files, in other cases the new laws will apply to all new case 
files and to some (or all) running process. The use of a workflow service enables us to 
handle these specificities and more. 

SIPP’s workflow service is based on several smaller services and workflows, as illustrated in 
Figure 2. Most of the workflows in place are internal to the service, meaning that they are 
only available for communication with other workflows. The main entry point of 
communication with the overall workflow service is the Versioning Service. 

Versioning Service – This workflow handles document edition. Documents are edited 
online, using the web application. The versioning service handles any kind of data, from 
simple document edition to N-step forms. At any given time, users may save their work and 
resume it when needed. If required, they may continue editing the document on any given 
saved version (actual or older). 

Request and Decision – This workflow handles the basic process of submitting the request 
(by any party in the case file) and decision of the request (usually by the judge of the case). 
Judges may also issue decisions with no pending request. This workflow is used on both 
cases. Workflow actions are triggered by the reception of completed documents from the 
versioning service. This workflow mimics most of the traditional (manual) information 
process. However, given the inability for computer systems to accurately understand textual 
documents and automatically extract meaningful information from it, we have added an 
extra step (when comparing with the traditional paper version) to the workflow: after the 
decision document is received, the administrative staff must extract the meaningful 
information from the document, “explaining” to the application what to do with the 
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decision received earlier. Despite seeming as an additional and cumbersome task, it is vital 
for the correct functioning of the entire system. The top-level workflows (Habeas Corpus, 
Regular Process and Appeals) are triggered based on the information extracted by the 
administrative staff. The upside of this extra step is the ability to latter extract a series of 
reports and statistical information from the entire system, at no extra cost. Request and 
decision workflow consists mainly of three events: request received, decision received and 
explanation received. Each event is triggered by a different actor.  

  
Fig. 2. Detailed view of the workflow service  

Habeas Corpus Service – This workflow handles the entire process related with Habeas 
Corpus case files. It receives events triggered from the request and decision workflow and 
from the Appeals workflow. 

Regular Process Service – This workflow handles the regular court case files, regardless of 
the process’ complexity. Regular Court process case files are divided into four categories, 
depending on the nature of the crimes and the Judge’s decision. It receives events triggered 
from the request and decision workflow and from the Appeals workflow. 

Appeals Service – This workflow handles the case files on Higher Court instances. It 
receives events triggered from the request and decision workflow, from the Habeas Corpus 
and from the regular process workflows. 

3.3 Web application 

User-wise, the web application is the single point of interaction with the system.  For 
security reasons, the communication between the workflow service and the web application 
is restricted to just that; users may not directly communicate with the workflows. 

The web application enables users to access the system and work on their tasks and 
portfolio. In this scenario, portfolio refers to the active case files of a given user.  
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decision received earlier. Despite seeming as an additional and cumbersome task, it is vital 
for the correct functioning of the entire system. The top-level workflows (Habeas Corpus, 
Regular Process and Appeals) are triggered based on the information extracted by the 
administrative staff. The upside of this extra step is the ability to latter extract a series of 
reports and statistical information from the entire system, at no extra cost. Request and 
decision workflow consists mainly of three events: request received, decision received and 
explanation received. Each event is triggered by a different actor.  

  
Fig. 2. Detailed view of the workflow service  

Habeas Corpus Service – This workflow handles the entire process related with Habeas 
Corpus case files. It receives events triggered from the request and decision workflow and 
from the Appeals workflow. 

Regular Process Service – This workflow handles the regular court case files, regardless of 
the process’ complexity. Regular Court process case files are divided into four categories, 
depending on the nature of the crimes and the Judge’s decision. It receives events triggered 
from the request and decision workflow and from the Appeals workflow. 

Appeals Service – This workflow handles the case files on Higher Court instances. It 
receives events triggered from the request and decision workflow, from the Habeas Corpus 
and from the regular process workflows. 

3.3 Web application 

User-wise, the web application is the single point of interaction with the system.  For 
security reasons, the communication between the workflow service and the web application 
is restricted to just that; users may not directly communicate with the workflows. 

The web application enables users to access the system and work on their tasks and 
portfolio. In this scenario, portfolio refers to the active case files of a given user.  
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Workflow usage was kept to the minimum, meaning that only effective workflow-like tasks 
were to be deployed as workflow services. The remaining information access is done by 
reaching directly to the business logic layer. When triggered, the workflow layer processes 
information and permanently stores it in the database, through the business logic layer. 
Therefore, it is possible to assess all information by using the business logic layer. Besides 
giving a faster access to information, it lessens the load on the workflow engine, making it 
available to other requests. 

1. Figure 3 presents the look and feel of the web application, with 8 areas marked: 
2. User’s location: enables the user to rapidly identify the currently working area; 
3. Main menu: this area controls the top level sections available to each user. Depending 

on the user’s roles, the available options may differ. 
4. User’s control panel: the area holds the user’s identification and session termination 

options. It also enables the access to the user’s control panel, where he may edit 
personal information. 

5. Portfolio case file holder: this section lists the user related court file process in progress.  
6. Court file process information: the information about any given process is organized in 

tabs, for easier reading. 
7. Case file tasks: lists all pending tasks related to a given process. 
8. Pending actions: lists all on-going user tasks related to a given process. These are 

organized by vertical tabs. On-going tasks are usually related to versioning documents 
and decision processes. 

9. System and page loading information. 

 
Fig. 3. SIPP look and feel 
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As mentioned, the process of detailing or dissecting the information within a decision was 
called a “Decision explanation”. In this stage, the user (usually an administrative Court staff 
member) must extract meaningful information to feed the system. This means that for each 
type of considered meaningful information there is an explanation form associated. Figure 4 
presents the explaining form of a final sentence on a case file. In this case, the accused was 
found guilty as charged and condemned.  

In Figure 4 this information as already submitted by the user. The next step is to fill out the 
information related to the Crimes (on which was the user found guilty on which was he 
found not guilty) (1), the main sentence (2) with information on days in prison, fine amount, 
etc., accessory sentences (3) as inhibition to drive, and finally, information regarding civil 
damages (4). 

 
Fig. 4. Decision explanation 

4. Demographics and regional concerns 
Cape Verde is an archipelago of 10 islands that cover around 4,000 square kilometres of 
ground.  Across these islands, there are 16 regular Courts and 3 higher instance Courts, 
where this application must be available, and with which the District Attorneys, Judges and 
Court staff must be at ease. These 16 regular Courts are unevenly divided, with most of the 
islands with just one Court, consisting of less than 10 users per Court. 

Communications wise, the government sponsors a public network, available for all the 
country’s public services, Courts included. Figure 5 depicts such network. All 
communications converge to the main island, Santiago. Most of the national online services 
are based on Santiago and, more importantly, it is through Santiago that all International 
network traffic flows. Inter-island communication links are usually saturated at about 95%, 
during working hours. Despite this obstacle, regular internet communication is feasible 
from almost every public office, thanks to strong cache mechanisms and quality of service 
rules imposed by the network administrators. 
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Along with the heavily packed inter-island network, one other technical difficulty usually 
arises: power outage. Given its archipelago nature, each island must be able to produce its 
own electricity. From time to time, due to generator problems, excessive demand and other 
reasons, an island region is left in the dark. With no electricity there is no communications 
and therefore, no web services. This holds true not only for the physical location (Court, 
lawyer’s office, etc.), but for power outages along the network routing to the datacentre. 
This means that, depending on the outage location, a region or the entire country may 
unable to access any given web service. 

These conditions mean that any given online system deployed in these conditions, to be 
considered “environmentally full proof”, must be able to support off-site processing. In this 
case, the option was to go back paper trail and later proceed with the digitization of the 
record produced during the inaccessibility period. 

 
Fig. 5. National network for public services (Monteiro, S., & Teixeira, 2010) 

Adding to these tough conditions, the familiarity of the court’s staff with computer systems 
is below the desirable level. Most of them have, in fact, a computer standing in their desks. 
And most do use them for work tasks (and received training to do it). However, the regular 
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usage usually involves repetitive tasks, consisting on text edition and printing. Given the 
overload of case files per Court, staff usually does not have the on-job time (or at ease) to 
pursue on practicing, discovering and learning additional features.  

5. Assisted on-job training using SIPP 
Considering the concerns that were raised on the previous section, we had to devise a way 
to overcome the staff related problems and to mitigate the impact of the infrastructural 
problems. As mentioned, the infrastructure problems were mitigated by enabling users to 
post-process documents.  

The staff related problems, however, posed a new set of challenges. How could we 
guarantee a satisfactory level of basic computer skills to all Court staff, Judges and District 
Attorneys? How could we teach them to use a new application, with minimal downtime of 
the Court’s service? Considering the different social stratus amongst the Court staff, how 
could we ensure a teaching service where each person would feel comfortable to reach out 
and express his difficulties, without being judged by others?  

To ensure a satisfactory level of computer skills, the University of Cape Verde was put in 
charge of an ambitious program of teaching all Courts’ administrative staff on basic 
computer skills. These sessions were conducted in several islands, giving the opportunity to 
the staff to refresh or learn basic computer skills, as scanning, text processing, spread sheet 
processing and web browsing. 

5.1 Human assisted on-job training 

Following this learning program, users apprehended most of the skills required to the next 
level: SIPP specific training. Considering the responsibilities of each person and the 
available features for each role, we were required to perform different learning sessions, 
covering the different features assigned to the different roles. 

When the first prototype was deployed, still on early testing phase, we started the training 
of the users and the validation of the prototype concept. After each round of testing and 
training, we delivered to the development team a set of results and opinions of the users 
about the system. This way, we could try to improve the perceived usability of the system to 
the next round. The first rounds, until the interface concept was considered stabilized by the 
users, were done with the same participants. This way they could better understand the 
impact of their opinions in the system.  

As mentioned, in most islands there is just on Court of law. In each Court, there are at least 
one Judge, one District Attorney and four administrative staff elements working every day. 
This meant that we would either move all personnel to common facilities during the SIPP 
training, or we would take the teaching team in a visit to all Courts. Due to the country’s 
geography and considering the shear costs of transporting all the Court’s personnel to a 
common location, the choice of having an itinerant teaching team prevailed. This team 
would perform one-to-one on-job sessions, with no need to close the Court to the public, 
since this would be done based on pre-set scheduling, adjusting regular tasks with this 
additional task. 
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This on-job, one-to-one teaching method, proved to be extremely effective. Trainees were at 
ease to pose any question they felt like, for more basic that it would seem to them. This 
could only be achieved in such personalized and private environment as the user’s office or 
desk. This way, we could assess the effects of the basic skill learning program: based on the 
ease revealed during SIPP training and based on their technical questions. 

SIPP’s human assisted on-job training consisted of two separated phases: an overall user 
related explanation of features (done by the teacher) and a hands-on experience, where the 
teacher would observe and ask for the fulfilment of a set of given tasks. On every session, 
this was the stage where most of the time was spent. During the first iterations, teachers 
often had to assist users and walk them through the required task. The session was 
considered as terminated when users were able to execute a fair amount of tasks without the 
teacher’s intervention. During the entire process, teachers would take notes referring to the 
user’s interaction. These notes were then reported to the development team, for user 
interface refining.  

Even before the first SIPP on-job training session, a new set of questions were raised. How 
will users keep their learnt skills? How often can we make this kind of intervention? The 
answer to the last question was easy: if possible, never again. Just one visit per Court was 
planned. Despite being cheaper than closing the Court for two or three days and moving 
everyone to different places, with the intrinsic costs on travel, accommodation and meals, 
this approach still has the cost of having the teaching teams on the field. To answer the first 
question, we deployed a testing web application, similar to the online system, where users 
could exercise what they had learnt and continue exploring the application. This testing 
application will still be available when SIPP enters production phase.  

As always, this led us to a new question: How to assess and validate the users’ training 
without human supervision?  

5.2 Computer assisted on-job training 

To answer the question raised in the last section, we developed a computer assisted on-job 
training agent, an inspector, that could overcome the lack of human supervising and, at the 
same time, reassure users about the outcome of their practice. 

This inspector is bounded to the main workflows: Habeas Corpus Process, Regular Process 
and Appeals. To validate the information state of a given electronic case file, we partially 
adapted our unit test framework, so that we could validate on the fly the information being 
inserted (resulting of the decision’s explanation) with the expected information.  

Every time a decision is explained and an event on these workflows is triggered, this agent 
inspects the outcome of the explanation, and compares it to the expected outcome. In the 
event of mismatch, the agent triggers a new decision for that process, explaining to the user 
his mistake, and what to do to correct it. When the outcome of the explanation matches the 
expected outcome, the agent signals the main workflow to proceed the information 
processing.  

Figure 6 shows the overhead processing in the workflow engine to support the computer 
assisted training. It represents a triggered event, the reception of the explained decision of  
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Fig. 6. Inspector bounded in the workflows 
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setting a judgement day for the case file (1). Upon reception, we check whether the process 
is a training case file or a regular case file (2). Being a training case file, we make a second 
check, to compare the information received with the expected information (in this case, this 
would be the time, date and place for the judgement, along with the defendant lawyer (if 
necessary) (3). If everything is as expected, or if this process is not a training case file, then 
the inspector allows the workflow to continue (4). Otherwise, it will not allow the workflow 
to continue and will issue a new request/decision, stating what was wrong and how to 
correct it (5). 

5.3 Case file generator 

The final piece for this puzzle was a case file generator, where we could define training 
session parameters, like the number of case files to open, the case file state (according to the 
main workflows), the initial process information and a set of requests and/or decisions 
(depending on the user’s role) for users to process. 

We developed a model-based random text generator that would open case files, submit 
requests and decisions and, most importantly, record the expected outcome of the request or 
decision.  

Pending user’s action, the inspector agent compares both data and decides whether to allow 
the workflow’s execution or not. 

This case file generator is used during all training phases (teacher assisted and computer 
assisted). This way, users were already familiarized with the generator’s way of producing 
textual requests and decisions when they started using the computer assisted on-job training 
application. 

The case file generator was inspired on our internal testing mechanisms. Besides single 
unitary tests, we also need to test the workflow as a hole. However, it is impossible to test 
the same case file with all the options available at the workflow. To handle this challenge, 
we developed a testing tool that simulates the web application, communicating directly 
with the Business Layer and with the Workflow Service.  

The test tool would issue new case files, inquire on the available state options to trigger and 
selectively choose one event to trigger. Testing would continue until the case file was 
terminated. The test tool was preloaded with a set of rules and conditions to guarantee that 
we had covered nearly all options within the workflows. These rules and conditions could 
be in the form of probabilistic influence (when in state X give an N% probability to event Z) 
or the form of closed pathways (when in state X, proceed with event Z).  

The test tool also served another important aspect: assessing the overall system 
performance. Since the testing tool, workflow service and database were detached modules, 
these could be executed from different computers. This way, we could test the limitations of 
our approach and proceed accordingly, early on the development phase.  

5.4 Case file planner 

Along with the case file generator, we developed the case file planner. After the case file 
generator publishes a new process, for every process state change triggered, the case file 
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planner inspects the current process execution phase and acts accordingly, impersonating 
the remaining parties of case file. It is up to the case file planner to devise the actual 
traversed workflow for any given process. 

As with the case file generator, the planner was also inspired by our internal testing 
mechanisms.  

More than simply generating random case files using pre-defined situations and models, we 
needed users to experiment the full length of the process, according to their responsibilities. 
This way, users could help us assess the validity of each workflow and propose 
modifications, if required. 

A simple path for a case file would be, for example: 1) when the judgement day is marked, 
issue a new witness request; and, 2) on the judgement day, issue the final judgement act, 
with the final decision about the accused party. As with the testing tool, probabilistic 
pathways could also be defined, providing a wider range of training options, with the same 
amount of supervision preparation. 

Each request/decision issued will then be validated by the inspector agent previously 
presented. 

The case file planner is an iterative agent that prepares tasks according with user’s expertise 
on the system. To do that, it needs to understand the user’s evolution so, as in a computer 
game, it ranks users’ achievements. This way, it may plan more complex case file paths to 
more experienced users and more simple tasks to users starting their training or struggling 
with the system.  

The user interaction is recorded jointly by the planner and the enforcer, allowing the 
supervising team to personally compare the expected outcome with the actual outcome 
produced by the user. This additional debugging feature  

6. Conclusion 
When we started this process, users were apprehensive about what to expect as an outcome. 
This was the third attempt that the government had made to implement such a system and 
users who had participated on previous attempts were reluctant to start yet another project. 
The project’s initial risk was in fact high. The fear factor associated to a new system 
combined with the perception of a possible “Big Brother”, working for the Ministry of 
Justice and against the Justice personnel, were more than enough to put us in an 
uncomfortable starting position. 

We managed to get around the user’s initial misbeliefs by presenting them the advantages 
(and disadvantages) of such system. These presentations have shown us that people were 
eager to use an electronic system to support their work, as long as the infrastructural and 
technological problems were solved and the security and privacy concerns could be verified 
at all times. 

The development process included elements of each perceived role in the Court. This 
benefited the overall result, since these members were the first to see the developments, to 
comment and propose new directions on what they felt was incorrect. More importantly, 
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would be the time, date and place for the judgement, along with the defendant lawyer (if 
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main workflows), the initial process information and a set of requests and/or decisions 
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We developed a model-based random text generator that would open case files, submit 
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be in the form of probabilistic influence (when in state X give an N% probability to event Z) 
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these could be executed from different computers. This way, we could test the limitations of 
our approach and proceed accordingly, early on the development phase.  

5.4 Case file planner 

Along with the case file generator, we developed the case file planner. After the case file 
generator publishes a new process, for every process state change triggered, the case file 
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planner inspects the current process execution phase and acts accordingly, impersonating 
the remaining parties of case file. It is up to the case file planner to devise the actual 
traversed workflow for any given process. 
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with the system.  
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supervising team to personally compare the expected outcome with the actual outcome 
produced by the user. This additional debugging feature  

6. Conclusion 
When we started this process, users were apprehensive about what to expect as an outcome. 
This was the third attempt that the government had made to implement such a system and 
users who had participated on previous attempts were reluctant to start yet another project. 
The project’s initial risk was in fact high. The fear factor associated to a new system 
combined with the perception of a possible “Big Brother”, working for the Ministry of 
Justice and against the Justice personnel, were more than enough to put us in an 
uncomfortable starting position. 

We managed to get around the user’s initial misbeliefs by presenting them the advantages 
(and disadvantages) of such system. These presentations have shown us that people were 
eager to use an electronic system to support their work, as long as the infrastructural and 
technological problems were solved and the security and privacy concerns could be verified 
at all times. 

The development process included elements of each perceived role in the Court. This 
benefited the overall result, since these members were the first to see the developments, to 
comment and propose new directions on what they felt was incorrect. More importantly, 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 36

they would comment with their colleagues on the developments of the system and on the 
possibilities that the system already possessed. This information dissemination generated a 
positive expectation wave along the users. This was indeed observed when the general 
testing and training phase started. 

Throughout the training process, we realized that some users were still struggling with 
basic computer skills. To help them overcome this situation, a new computer course was 
proposed, more specific and focused on the user’s difficulties.  

We produced printed and electronic versions of the system’s manual, adapted to each user’s 
roles. Along with this help, we pursued on a one-on-one on-job teaching methodology. With 
this approach, users were more collaborative than on initial group sessions. Moreover, they 
would feel comfortable enough to pose questions relating both SIPP and general computer 
subjects. 

In this chapter we presented SIPP and explained in detail the workflow architecture used to 
deploy the on-job assisted learning process. The on-job assisted training was performed on 
two separated phases: one-on-one human assisted training and computer assisted training. 
The first phase helped users understand the insights and working mechanisms required by 
the SIPP. The second phase helped users gain confidence about their autonomy and ability 
to use the system. 

To give users the proper feedback, even on the second training phase, we developed an 
inspector agent. This agent had the responsibility to assess user’s submitted information and 
instruct the main workflows on the outcome of such information. In the event of erroneous 
information submitted, the agent would also issue a new request/decision, impersonating 
the requestor/judge of the case file. With such feedback, users were reinsured that the 
training would produce the desired results.  

The case file planner enabled us to understand where some unforeseen problems were. 
When several users struggle to perform a planned task or work plan, the planner informs 
the management team to further investigate on the roots of the problem. It may be an 
interface deficiency, a programming bug or a modelling fault.  

The training application inherited most of the features we had in place internally for testing 
purposes. This way, the training application was relatively cheap, since it consisted of 
refactoring the test framework and deploying a series of agents, for inspecting and for 
producing test information. 

Trainees found that this training application was helpful to understand the several available 
options faster and without worries of destroying real life work due to incorrect system 
operation. The project managers, however, found that most of the trainees (Court staff) 
lacked on sufficient computer usage knowledge. This was an important assessment that 
triggered an initial course on computer usage for all Court staff, prior to launching this 
application.  

The initial goal for this project was met: deploy an on-job assisted learning application, with 
the same look and feel of the “real” application, where users could try all the application’s 
features without worries of doing things wrong.  
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After the initial training, we monitored user’s activity in the system, and realized that users 
were in fact using and testing the system on their own. Some users were just exploring the 
SIPP’s features, while other were in fact doing their homework, working on the case files 
generated for training purposes. Despite being on-job training, some users were actually 
accessing the system from their homes, since the system is available online. 

However, the amount of users actively using the system after the initial training started to 
decay around two weeks after the one-on-one training. Despite being a relatively normal 
situation, since users cannot neglect their regular tasks, it is far from the desired usage 
patterns. With low usage patterns, users tend to forget, at least partially what they had 
already learnt about the system. We expect that with the paced adoption of the system on all 
Courts during the next months, users will find time to refresh their SIPP’s knowledge.  
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roles. Along with this help, we pursued on a one-on-one on-job teaching methodology. With 
this approach, users were more collaborative than on initial group sessions. Moreover, they 
would feel comfortable enough to pose questions relating both SIPP and general computer 
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In this chapter we presented SIPP and explained in detail the workflow architecture used to 
deploy the on-job assisted learning process. The on-job assisted training was performed on 
two separated phases: one-on-one human assisted training and computer assisted training. 
The first phase helped users understand the insights and working mechanisms required by 
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When several users struggle to perform a planned task or work plan, the planner informs 
the management team to further investigate on the roots of the problem. It may be an 
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purposes. This way, the training application was relatively cheap, since it consisted of 
refactoring the test framework and deploying a series of agents, for inspecting and for 
producing test information. 

Trainees found that this training application was helpful to understand the several available 
options faster and without worries of destroying real life work due to incorrect system 
operation. The project managers, however, found that most of the trainees (Court staff) 
lacked on sufficient computer usage knowledge. This was an important assessment that 
triggered an initial course on computer usage for all Court staff, prior to launching this 
application.  
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the same look and feel of the “real” application, where users could try all the application’s 
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After the initial training, we monitored user’s activity in the system, and realized that users 
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SIPP’s features, while other were in fact doing their homework, working on the case files 
generated for training purposes. Despite being on-job training, some users were actually 
accessing the system from their homes, since the system is available online. 

However, the amount of users actively using the system after the initial training started to 
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situation, since users cannot neglect their regular tasks, it is far from the desired usage 
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1. Introduction 
The implementation of e-learning as part and parcel of the delivery mechanism for training 
and education requires tremendous amount of investment on the part of an organization or 
institution. However, in this highly-computerized age, learning needs are dynamic and e-
learning is one of the many responses to the society’s thirst for efficient, effective and 
appealing strategy for delivering information and knowledge. As a result, e-learning opens 
new ways of teaching and learning, leading to new methods of thinking and organizing 
learning content (Askar & Halici, 2004). One of the natural settings for e-learning is in the 
area of continuing education. In considering a large number of the adults as learners in an e-
learning setting or in any traditional classroom for that matter, it is necessary to plan the 
needs of the employee, the educator and the organization involve in the learning process.  
Goldstein and Ford (2001) argued that more organizations are progressively considering 
continuous learning as an important factor in maintaining their competitive advantage. 
Borotis and Poulymenakou (2004) believed that e-learning initiatives can be considered as 
the proper solution for delivering continuing educational programs at a lower cost with 
ubiquitous offering of a wide range of information and knowledge that are different from 
the traditional approach. Also Hall (2001) posed that e-learning can be an effective method 
of learning for adults who have busy schedules or live in remote areas, and unable to attend 
an everyday traditional classrooms. This innovation allows the learners to learn at their own 
pace, saving time and money, and they can pursue continuing education on computers in 
the workplace or in the home (Randell, 2001).  

In the area of Andragogy, it is argued that adult learners need to know why they have to 
learn something before undertaking it. At the same time, they are motivated to learn only to 
the extent that they perceive the knowledge will help them perform tasks they confront in 
their life situations (Knowles, 1987). Since the learners are ready and willing to take the 
responsibility for their own learning, the participants’ learning style is a factor that may 
affect learner readiness for e-learning process. Rosenberg (2001) argues that willingness to 
learn and motivation for successful training and learning are very important and suggests 
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that creating the right incentives can encourage participation. Sound time management is 
another important factor that should be considered imperative for effective e-learning, 
Frankola (2001) states if participants do not have time or motivation and willingness to take 
the given time off for learning, e-learning will not succeed.   Knox (1986) delineates several 
characteristics of adult learners in four categories: enhancing proficiencies, development and 
learning, influences on participation, and the importance of active learner participation that 
can enable educators to plan and organize learning activities around adults’ background 
and aspirations. In addition Rogers (1986) identifies four characteristics of this adult natural 
learning process and pointed out that, in pursuing self-directed learning, each adult adopts 
one own learning style and a range of strategies employed is typical of adults than by other 
group of learners. He increased, since self-directed learning is directed toward specific 
goals, adult learning tends to focus on how to cope with the particular situation rather than 
the general principles.  Thus, one of the characteristics of the individual that allied itself to 
the benefits and success of online learning is self-directed or autonomy in learning. Self-
directedness involves the learners taking the initiative to identify their own learning needs 
and goals, selecting and using the learning strategies that work best for those needs and is 
able to use basic skills, organize time, and develop a plan for completing work given to 
them. A self-directed learner is responsible for development of her/his learning skills and 
deciding when and how she/he going to learn. The benefits of self-directed learning include 
having a greater control over learning and an increase in self-concept, motivation, and sense 
of self-control, since the learners are expected to function without an instructor (Knowels, 
1975). Most literature (for example, Bernard et al., 2000; Chen & Lin, 2002; Clark & Mayer, 
2002; Urdan & Weggen, 2000) concurs with Guglielmino (2003) in considering learners as an 
important factor in e-learning readiness. 

Self-directed learning (SDL) is related to independence or autonomy in learning; it is a 
logical link for readiness for e-learning. A self directed learner accepts responsibility for 
own learning and view problems as challenges and not obstacles (Guglielmino, 1977). 
Self-direction in learning refers to two distinct but related dimensions. The first of these 
dimensions is a process in which a learner assumes primary responsibility for planning, 
implementing, and evaluating the learning process. The second dimension refers to as 
learner self-direction, centers on a learner's desire or preference for assuming 
responsibility for learning. Therefore, self-direction in learning refers to both the external 
characteristics of an instructional process and the internal characteristics of the learner, 
where the individual assumes primary responsibility for a learning experience (Brockett & 
Hiemstra, 1991). In this study based on the ongoing works on self-directed learning 
readiness for SDL investigate four categories involves self knowledge, attitudes, skills, 
and habits as self-directed learners. 

1.1 Self-directed knowledge 

Self-knowledge is a philosophical concept of self awareness person, understanding him or 
herself. It is also commonly referred to knowledge of one's particular mental states, including 
one's beliefs, desires, and sensations. The learners with self directed knowledge have the 
ability to be aware of "self." This attribute is closely related to some of the executive processes 
identified with metacognition. It enables learners to be aware of their learning processes, of 
their weaknesses and strengths, to know if they can call up additional powers of concentration, 
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to know of their ability to use a different approach, to know how and what is distracting in 
their environment, to know the importance of a given learning activity, to know when they 
need assistance, to have a realistic perception of their ability to achieve their learning goal. Self 
directed knowledge can be accomplished through reflection and usually self directed learning 
enhance by knowledge of one's preferred learning style (Guglielmino, 2003).  

1.2 Self-directed attitude  

Several studies have suggested that attitudes may be an important element in teaching 
computers (Woodrow, 1991). Todman & Dick (1993) for example, suggested that the 
teacher’s attitude towards computers may have an effect on the quality of experience a child 
has with computers in the school. Many researchers reported that children like computers 
and are positively motivated to use them (Shade, 1994).  

A review of the literature on attitudes toward computers by Lawton and Gerschner (1982) 
showed that children found computers to have infinite patience, never to get tired, never to 
forget to correct or praise, to be impartial to ethnicity and gender, and to be great 
motivators. In the same review, it was shown that students liked computers because they 
were self-paced, gave immediate feedback, and did not embarrass them when they made 
mistakes. The early studies found that negative attitudes and fears about computers were 
exhibited mostly by teachers, not children, thus general teacher attitude plays an important 
role in the educational process (Muller, Husband, Christou, & Sun 1991). Mason and Weller 
(2000) found that children do not see computer technology as a science but as a tool to be 
used in everyday life. The learners who have self directed attitudes usually have 
characteristics such as able to make decision and doing it successfully, to have positive 
thoughts about their potential for success in their plans, are independent learning, prefer to 
work alone, go to new activities, to reach new levels of performance, and learning online, 
are open mind, and try to learn anything they need. 

1.3 Self-directed skills  

The fundamental skills are needed for effective self-directed learning. Guglielmino (2003) state 
a self directed learner usually is skilled at identifying and analyzing its learning needs. The 
individual has a moderate allocation of the identified personality attributes and the skills 
appear to be particularly important in successful self-directed learning. They also may have 
limited observational skills that inhibit their ability to determine what is important in their 
learning environment. Therefore, some effort is often required to develop these skills before a 
person becomes a successful self-directed learner. Thus, when working with people with little 
experience in self-directed learning, careful attention should be given to helping them to 
imagine possible outcomes of results of their learning, and then encouraging them know how 
and why to choose from among multiple desirable goals (Long, 2006). Gugilielmo (1977) cited 
in Griffin ( 1989) has developed a self-directed learning readiness scale, she considered factors 
such as openness to learning opportunities, self-concept in an effective learner, initiative and 
independence in learning, informed acceptance of responsibility, love of learning, creativity, 
future orientation, and ability to use basic study skills and problem-solving skills. Some skills 
related to meeting learning needs include the using learning methods, making decision for 
effective learning new skills, able to engage in divergent thinking, writing skills, reading skills, 
using online tool for working with others, able to collecting require data from various sources, 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 

 

40

that creating the right incentives can encourage participation. Sound time management is 
another important factor that should be considered imperative for effective e-learning, 
Frankola (2001) states if participants do not have time or motivation and willingness to take 
the given time off for learning, e-learning will not succeed.   Knox (1986) delineates several 
characteristics of adult learners in four categories: enhancing proficiencies, development and 
learning, influences on participation, and the importance of active learner participation that 
can enable educators to plan and organize learning activities around adults’ background 
and aspirations. In addition Rogers (1986) identifies four characteristics of this adult natural 
learning process and pointed out that, in pursuing self-directed learning, each adult adopts 
one own learning style and a range of strategies employed is typical of adults than by other 
group of learners. He increased, since self-directed learning is directed toward specific 
goals, adult learning tends to focus on how to cope with the particular situation rather than 
the general principles.  Thus, one of the characteristics of the individual that allied itself to 
the benefits and success of online learning is self-directed or autonomy in learning. Self-
directedness involves the learners taking the initiative to identify their own learning needs 
and goals, selecting and using the learning strategies that work best for those needs and is 
able to use basic skills, organize time, and develop a plan for completing work given to 
them. A self-directed learner is responsible for development of her/his learning skills and 
deciding when and how she/he going to learn. The benefits of self-directed learning include 
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Self-directed learning (SDL) is related to independence or autonomy in learning; it is a 
logical link for readiness for e-learning. A self directed learner accepts responsibility for 
own learning and view problems as challenges and not obstacles (Guglielmino, 1977). 
Self-direction in learning refers to two distinct but related dimensions. The first of these 
dimensions is a process in which a learner assumes primary responsibility for planning, 
implementing, and evaluating the learning process. The second dimension refers to as 
learner self-direction, centers on a learner's desire or preference for assuming 
responsibility for learning. Therefore, self-direction in learning refers to both the external 
characteristics of an instructional process and the internal characteristics of the learner, 
where the individual assumes primary responsibility for a learning experience (Brockett & 
Hiemstra, 1991). In this study based on the ongoing works on self-directed learning 
readiness for SDL investigate four categories involves self knowledge, attitudes, skills, 
and habits as self-directed learners. 

1.1 Self-directed knowledge 

Self-knowledge is a philosophical concept of self awareness person, understanding him or 
herself. It is also commonly referred to knowledge of one's particular mental states, including 
one's beliefs, desires, and sensations. The learners with self directed knowledge have the 
ability to be aware of "self." This attribute is closely related to some of the executive processes 
identified with metacognition. It enables learners to be aware of their learning processes, of 
their weaknesses and strengths, to know if they can call up additional powers of concentration, 
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to know of their ability to use a different approach, to know how and what is distracting in 
their environment, to know the importance of a given learning activity, to know when they 
need assistance, to have a realistic perception of their ability to achieve their learning goal. Self 
directed knowledge can be accomplished through reflection and usually self directed learning 
enhance by knowledge of one's preferred learning style (Guglielmino, 2003).  

1.2 Self-directed attitude  

Several studies have suggested that attitudes may be an important element in teaching 
computers (Woodrow, 1991). Todman & Dick (1993) for example, suggested that the 
teacher’s attitude towards computers may have an effect on the quality of experience a child 
has with computers in the school. Many researchers reported that children like computers 
and are positively motivated to use them (Shade, 1994).  
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role in the educational process (Muller, Husband, Christou, & Sun 1991). Mason and Weller 
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1.3 Self-directed skills  

The fundamental skills are needed for effective self-directed learning. Guglielmino (2003) state 
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individual has a moderate allocation of the identified personality attributes and the skills 
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limited observational skills that inhibit their ability to determine what is important in their 
learning environment. Therefore, some effort is often required to develop these skills before a 
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imagine possible outcomes of results of their learning, and then encouraging them know how 
and why to choose from among multiple desirable goals (Long, 2006). Gugilielmo (1977) cited 
in Griffin ( 1989) has developed a self-directed learning readiness scale, she considered factors 
such as openness to learning opportunities, self-concept in an effective learner, initiative and 
independence in learning, informed acceptance of responsibility, love of learning, creativity, 
future orientation, and ability to use basic study skills and problem-solving skills. Some skills 
related to meeting learning needs include the using learning methods, making decision for 
effective learning new skills, able to engage in divergent thinking, writing skills, reading skills, 
using online tool for working with others, able to collecting require data from various sources, 
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to able organize, analyze, and evaluate data for answering to question, set goals, effectively 
planning for activities, and translate learning needs into learning goals. 

1.4 Self-directed Habits  

The positive habits are very important in use of various technologies that used for e-learning 
and their development can be streamline and anchor the effective e-learning. Guglielmino 
(2003) posed that one of the most important habits on self directed learning is persistence; it 
is emphasizing on doing a work or reach a goal. Also the reflective individual and 
environmental scanning from own performances are worth emphasizing. Habits include 
such things as to be self-discipline, willingness try to search and know new idea, steadiness 
for completing works and own decisions, trying out how to find work problem, resistance 
and stability in analyzing material, and constantly expressing thoughts and idea to writing. 

This paper attempts to identify the various concepts related to self-directed learning and 
also the various components of the doctors’ self directed learning readiness which influence 
the successful adoption of e-learning in the field of continuing medical education 

2. Methodology 
This descriptive study examines the self-directed learning (SDL) readiness for e-learning in 
the physicians who participate in CME programs in Iran. 

The research questionnaire consist of statements regarding factors about self directed 
learning readiness for e-learning in four categories and was distributed to 461 medical 
doctors who participated in the CME programs. All items were measured on a five-point 
Likert scale, with 5 indicating “strongly agree” and 1 indicating “strongly disagree”.  

 Factor analysis, correlations, and ANOVA were the main methods of data analysis. Factor 
analysis was conducted to extract major factors that influence the e-learning readiness with 
using Varimax rotation with Kaiser Normalisation. In the factor designation, individual 
loadings of 0.5 or greater were used to interpret the results and factors with Eigenvalues 
equal to or greater than one were extracted.  

3. Findings and discussion 
The analysis of this study was the identification of factors influencing the nedical doctors’ self-
directed learning readiness for e-learning. By Principal Component Factor Analysis (PCFA) 
extracted factors and labels are suggested for each of factors according to their statements. 

There were four domains for the learner’s self directed learning for e-learning readiness 
namely Knowledge, Attitude, skills, and habits.  Each item in each domain contained relevant 
statement pertaining to e-learning readiness, followed by a five-point Likert scale ranging 
from "strongly disagree" to "strongly agree". The average mean of SDL readiness was 3.35±.43 
with a maximum mean of 3.83 for SDL attitude readiness and SDL habits having the lowest 
mean of 2.79 as summarized in Table 1 Further analysis is given in the next section. 

Most participants evaluated their SDL readiness moderate (38%). Thirty six percent assessed 
themselves as good and 10% excellent. Only 16% claimed they were weak and very weak. 
Regarding doctors’ attitude, 71% of the respondents had positive attitude toward e-learning.  
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Domains Mean SD 
Knowledge 3.44 .60 
Attitude 3.83 .35 
Skill 3.35 .63 
Habit 2.79 .43 
Total 3.35 .43 

Table 1. Mean and SD in learners’ SDL readiness 

The majority (87%) claimed that they prefer learning through independent project or 
research instead of structured assignment and 72% prefer to conduct research activities to  
reach new levels of performance or find new ways to learn anything. Doctors also said they 
believe that high quality learning can take place without having face to face interaction. For 
knowledge, skills, and habits of self directed learning most of doctors were in an 
intermediary range (between 2.79 and 3.44). Only 8% reported that they had no adequate 
knowledge and less than 20% are not well skilled in self directed learning.  

Concerning identifying factors that influence self directed learning readiness in learners, in this 
study Exploratory PCFA process on the knowledge domain extracted factors in self need 
assessment; components included diagnosing their learning needs, formulating learning goals, 
identifying human and material resources for learning, choosing and implementing 
appropriate learning strategies, and evaluating learning outcomes. Having knowledge to 
guide and direct their own learning, enable learners to control their own processes of learning 
making their learning more effective. Being familiar with self directed learning principles are 
important components in self need assessment. It may reduce the number of 
misunderstandings, lead to a deeper understanding of the subject or domain in question, and 
may further integrate new knowledge on the basis of their previous understanding. Knowles 
(1987) pointed out; clinicians in SDL first identify a clinical problem, then pursue the learning 
task, next acquire the new knowledge or skill, and finally practice the new knowledge or skill. 
Also in SDL attitude, respondents emphasized on factors such as comfortable with 
independent study, innovation in learning and comfortable with relevant and applicable 
subjects. These findings are also supported by other studies. Knowles (1975) argued there is 
convincing evidence that people who take the initiative in learning (proactive learners) learn 
more things, and learn better, than do people who sit at the feet of teachers passively waiting 
to be taught (reactive learners), because they enter into learning more purposeful and with 
greater motivation. This is because they retain and make use of what they learn better and 
longer than do the reactive learners. Further he claimed that learning is maximized when it is 
self-directed, because learners study material that is most relevant to them.  

The analysis of the readiness factors in SDL skills domain, brought up by the respondents 
was ability to self evaluate and self develop. Adult learning theory posits that adult learners 
can identify their learning needs, find solutions to problems, base learning on experience, 
and self-direct their education. Knowles (1987) also stated an essential aspect of self 
maturing is developing the ability; it is increasing responsibility for their own lives - to 
become increasingly self-directed. Shin and Haynes (1993) also demonstrated that learning 
behaviors taught during medical school will have an effect on practice; therefore, medical 
educators should emphasize self-directed learning skills during residency training.  

In the area of SDL habits, learner identified two important factors that included: self 
discipline and to self motivate learning. These factors contain components such as self 
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to able organize, analyze, and evaluate data for answering to question, set goals, effectively 
planning for activities, and translate learning needs into learning goals. 

1.4 Self-directed Habits  

The positive habits are very important in use of various technologies that used for e-learning 
and their development can be streamline and anchor the effective e-learning. Guglielmino 
(2003) posed that one of the most important habits on self directed learning is persistence; it 
is emphasizing on doing a work or reach a goal. Also the reflective individual and 
environmental scanning from own performances are worth emphasizing. Habits include 
such things as to be self-discipline, willingness try to search and know new idea, steadiness 
for completing works and own decisions, trying out how to find work problem, resistance 
and stability in analyzing material, and constantly expressing thoughts and idea to writing. 

This paper attempts to identify the various concepts related to self-directed learning and 
also the various components of the doctors’ self directed learning readiness which influence 
the successful adoption of e-learning in the field of continuing medical education 

2. Methodology 
This descriptive study examines the self-directed learning (SDL) readiness for e-learning in 
the physicians who participate in CME programs in Iran. 

The research questionnaire consist of statements regarding factors about self directed 
learning readiness for e-learning in four categories and was distributed to 461 medical 
doctors who participated in the CME programs. All items were measured on a five-point 
Likert scale, with 5 indicating “strongly agree” and 1 indicating “strongly disagree”.  

 Factor analysis, correlations, and ANOVA were the main methods of data analysis. Factor 
analysis was conducted to extract major factors that influence the e-learning readiness with 
using Varimax rotation with Kaiser Normalisation. In the factor designation, individual 
loadings of 0.5 or greater were used to interpret the results and factors with Eigenvalues 
equal to or greater than one were extracted.  

3. Findings and discussion 
The analysis of this study was the identification of factors influencing the nedical doctors’ self-
directed learning readiness for e-learning. By Principal Component Factor Analysis (PCFA) 
extracted factors and labels are suggested for each of factors according to their statements. 

There were four domains for the learner’s self directed learning for e-learning readiness 
namely Knowledge, Attitude, skills, and habits.  Each item in each domain contained relevant 
statement pertaining to e-learning readiness, followed by a five-point Likert scale ranging 
from "strongly disagree" to "strongly agree". The average mean of SDL readiness was 3.35±.43 
with a maximum mean of 3.83 for SDL attitude readiness and SDL habits having the lowest 
mean of 2.79 as summarized in Table 1 Further analysis is given in the next section. 

Most participants evaluated their SDL readiness moderate (38%). Thirty six percent assessed 
themselves as good and 10% excellent. Only 16% claimed they were weak and very weak. 
Regarding doctors’ attitude, 71% of the respondents had positive attitude toward e-learning.  
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Table 1. Mean and SD in learners’ SDL readiness 

The majority (87%) claimed that they prefer learning through independent project or 
research instead of structured assignment and 72% prefer to conduct research activities to  
reach new levels of performance or find new ways to learn anything. Doctors also said they 
believe that high quality learning can take place without having face to face interaction. For 
knowledge, skills, and habits of self directed learning most of doctors were in an 
intermediary range (between 2.79 and 3.44). Only 8% reported that they had no adequate 
knowledge and less than 20% are not well skilled in self directed learning.  

Concerning identifying factors that influence self directed learning readiness in learners, in this 
study Exploratory PCFA process on the knowledge domain extracted factors in self need 
assessment; components included diagnosing their learning needs, formulating learning goals, 
identifying human and material resources for learning, choosing and implementing 
appropriate learning strategies, and evaluating learning outcomes. Having knowledge to 
guide and direct their own learning, enable learners to control their own processes of learning 
making their learning more effective. Being familiar with self directed learning principles are 
important components in self need assessment. It may reduce the number of 
misunderstandings, lead to a deeper understanding of the subject or domain in question, and 
may further integrate new knowledge on the basis of their previous understanding. Knowles 
(1987) pointed out; clinicians in SDL first identify a clinical problem, then pursue the learning 
task, next acquire the new knowledge or skill, and finally practice the new knowledge or skill. 
Also in SDL attitude, respondents emphasized on factors such as comfortable with 
independent study, innovation in learning and comfortable with relevant and applicable 
subjects. These findings are also supported by other studies. Knowles (1975) argued there is 
convincing evidence that people who take the initiative in learning (proactive learners) learn 
more things, and learn better, than do people who sit at the feet of teachers passively waiting 
to be taught (reactive learners), because they enter into learning more purposeful and with 
greater motivation. This is because they retain and make use of what they learn better and 
longer than do the reactive learners. Further he claimed that learning is maximized when it is 
self-directed, because learners study material that is most relevant to them.  

The analysis of the readiness factors in SDL skills domain, brought up by the respondents 
was ability to self evaluate and self develop. Adult learning theory posits that adult learners 
can identify their learning needs, find solutions to problems, base learning on experience, 
and self-direct their education. Knowles (1987) also stated an essential aspect of self 
maturing is developing the ability; it is increasing responsibility for their own lives - to 
become increasingly self-directed. Shin and Haynes (1993) also demonstrated that learning 
behaviors taught during medical school will have an effect on practice; therefore, medical 
educators should emphasize self-directed learning skills during residency training.  

In the area of SDL habits, learner identified two important factors that included: self 
discipline and to self motivate learning. These factors contain components such as self 
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discipline, motivation to try and search for new idea, steadiness for completing projects and 
expect to succeed in own decisions, try to find work problem and constantly express 
thoughts and idea to writing, accustomed to search for new idea, techniques, equipments, 
and programs, assess performance and initiate learning. Regarding the importance of 
positive habits on SDL, Guglielmino (2003) posits one of the most significant habits on SDL 
is persistence, it emphasized doing work to reach a goal.  

Some research regarding enhancing learning in SDL emphasized that skills and habits play 
a critical role in learners’ success. For example Sparling and Lewis (2001) stated that 
students need to be able to ignore distractions, and concentrate on their work. In addition, 
learners may need to use your basic academic proficiencies, such as skimming for 
information and then reading the important portions more carefully because reading a 
textbook is quite different from reading a newspaper.  

To be self-disciplined and self motivate are critical factors in online programs, since in an 
online class, there is no instructor standing to monitor progress.  If learners are not a self-
disciplined person, it might be very difficult to have an efficient and effective e-learning 
process. It is often really difficult to make up for lost time. Online learners particularly 
doctors need to rely on their own problem solving abilities. They must know what resources 
are available to assist them, for instance, online help, tutorials, or telephone hot-lines. In this 
regards Wolfgang and Dowling (1981), and Kuh and Cracraft (1986) found that self 
motivation in nontraditional learner is one of the most significant factors which foster the 
personal growth and influence academic achievement. Therefore learners who have the 
ability of self motivation and are self discipline, identify their learning needs and also find 
solutions for problems, support their learning on experience and practice and finally direct 
their education. In this regard, doctors use problem-based learning, because their patients 
become the impetus for their learning experience and clinical practice.  These characteristics 
will prepare them to be ready for e-learning and learner’s readiness is one of the most 
important factors for having an efficient and effective e-learning process. The summary of 
the findings related to extracted factors on learners is presented in Table 2. 
 

Domain Category SDL  Readiness Factors 
Knowledge - Familiar with self need assessment 
Attitudes - Comfortable with innovation in learning 

- Comfortable with self development 
- Comfortable with independent study 

Skills - Ability to use online learning 
- Ability to self develop 

Habits - Accustomed to be serious and critical learning 
- Get used to be Initiate own learning 
- Accustomed to be performance evaluation 

Table 2. Factors extracted by Category in SDL readiness domain on learner with 
Interpretative Labels 

4. Conclusion 
Self directed learning (SDL) readiness domain as one of the critical characteristics of online 
learning is that learners can control the pace of their own learning. The most important 
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factors that learners identified in this domain were;  familiarity with learning need 
assessment, comfortableness with independent study, innovativeness in learning, the 
relevant and applicable subjects, self evaluation ability, self development ability, self 
discipline in learning, and so accustomed to be self motivation in habits domain. Concerning 
self-directed learning is an important aspect in the adult lifelong learning. Thus, university 
of medicine turn toward the implementation of e-learning for the training of doctors are 
needed a particular model to assess and identify factors that influencing on self directed 
learning readiness to improve them because the self-directed adults will learn more, learn 
better, retain, and make better of learning than do reactive learners and so have more power 
in creating their own path in the journey of continuous learning throughout their life.  
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thoughts and idea to writing, accustomed to search for new idea, techniques, equipments, 
and programs, assess performance and initiate learning. Regarding the importance of 
positive habits on SDL, Guglielmino (2003) posits one of the most significant habits on SDL 
is persistence, it emphasized doing work to reach a goal.  

Some research regarding enhancing learning in SDL emphasized that skills and habits play 
a critical role in learners’ success. For example Sparling and Lewis (2001) stated that 
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information and then reading the important portions more carefully because reading a 
textbook is quite different from reading a newspaper.  
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process. It is often really difficult to make up for lost time. Online learners particularly 
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solutions for problems, support their learning on experience and practice and finally direct 
their education. In this regard, doctors use problem-based learning, because their patients 
become the impetus for their learning experience and clinical practice.  These characteristics 
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factors that learners identified in this domain were;  familiarity with learning need 
assessment, comfortableness with independent study, innovativeness in learning, the 
relevant and applicable subjects, self evaluation ability, self development ability, self 
discipline in learning, and so accustomed to be self motivation in habits domain. Concerning 
self-directed learning is an important aspect in the adult lifelong learning. Thus, university 
of medicine turn toward the implementation of e-learning for the training of doctors are 
needed a particular model to assess and identify factors that influencing on self directed 
learning readiness to improve them because the self-directed adults will learn more, learn 
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in creating their own path in the journey of continuous learning throughout their life.  

5. Acknowledgments 
We thank the physicians in Kerman Iran, who participated in this study, and all our 
colleagues in university of medical sciences in Kerman, Iran, who helped us particularly 
Associate Professor Dr. Ali Akbar Haghdoost for their expert statistical advices.  

6. References 
Askar P., & Halici U., (2004) E-learning as a catalyst for educational innovation, In C. 

Ghaoui (Ed). E-education applications: Human factors and Innovative Approaches. 
IGP publishing, USA 

Bernard, R. M., Rojo de Rubalcava, B., & St-Pierre, D. (2000). Collaborative online distance 
learning: Issues for future practice and research, Distance Education. 21(2), 260-277. 
Retrieved May 31, 2007, from http://clp.cqu.edu.au/offline_articles_A-K.htm 

Brockett, R.G., and Hiemstra, R. (1991). Self-Direction in Adult Learning: Perspectives on 
Theory, Research, and Practice. London and New York: Routledge & Kegan Paul. 

Borotis, S. Ap. & Poulymenakou, A. (2004). E-Learning readiness components: key issues to 
consider before adopting e-Learning interventions. Paper presented at the World 
Conference on E-Learning in Corporate 2004, Washington, DC, pp. 1622-1629. 
Retrieved November 2, 2005, from  

 http://www.eltrun.gr/papers/eLReadiness_ELEARN2004.pdf 
Chen, N. s. & Lin, K. M. (2000). Factors affecting e-learning for achievement. [Electronic 

Version] from, http://lttf.ieee.org/icalt2002/proceedings/t502_icalt148_End.pdf 
Clark, R. C., & Mayer, R. E. (2003). e-Learning and the science of instruction: Proven guidelines 

for customers, & and designers of multimedia learning, S. F., CA: Pfeiffer 
Frankola, V. (2001). Why online learners drop out. Workforce, 80(10), 52-60. Journal of 

Education for Teaching. 4(2), 183-191. Retrieved June 15, 2001, from  
 http://www.workforce.com/feature/00/07/29 
Guglielmino, L. M. (1977). Development of the self-directed learning readiness scale 

(Doctoral dissertation, University of Georgia, 1977). Dissertation Abstracts 
International, 38, 6467A. 

Guglielmino, P. J. & Guglielmino, L. M. (2001). Learner characteristics affecting in electronic 
distance learning. In H. B. Long & Associates, 21st century Advances in Self- 
Direction Learning. Schaumberg, IL: Motorola University Press. 

Guglielmino, P. J. & Guglielmino, L. M. (2003). Are your learners ready for e-learning? In G. 
M. Piskurich (Ed.), The AMA handbook of e-learning: Effective design, 
implementation, and technology solutions, New York: AMACOM, 87-98. 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 

 

46

Goldstein, I. L., & Ford, J.K. (2001). Training in organizations (4th ed.): Wadsworth 
Publishing. 

Hall, B. (2001). E-Learning Guidebook. Six Steps to Implementing E-Learning. Retrieved Jan. 
16, 2006, from http://www.brandonhall.com/public/forms/sixstepdb 

Knox, A.B. (1980). Proficiency Theory of Adult Learning. Contemporary Educational 
Psychology. 378-404. 

Knowles, M.S. (1975). Self-directed Learning. New York: Association Press. 
Knowles, M.S. (1980). The Modern Practice of Adult Education: From Pedagogy to 

Andragogy. (2nd ed.) . New York: Cambridge Books. 
Knowles, M. S. (1987). Adult learning, Training and Development Handbook. R. L. Craig 

(Ed.). New York: McGraw-Hill. Ch.9.  
Kuh, G., & Cracraft, L. (1986). Predicting adult learners' success in higher education. In J. A. 

Lucas (Ed.), The Adult Learner: Four Aspects, AIR File 27. Tallahassee, FL: Florida 
State University, Association for Institutional Research. 

Lawton, J.,  & Gerschner, V. T. (1982). A Review of the Literature on Attitudes toward 
Computers and Computerized Instruction. Journal of Research on Development of 
Education, 16, 50-55. 

Long, H. B. (2006). SKILLS for SELF-DIRECTED LEARNING. Available from  
 http://faculty-staff.ou.edu/L/Huey.B.Long-1/Articles/sd/selfdirected.html 
Mason, R., & Weller, M. (2000). Factors affecting students' satisfaction on a web course. 

Australia Journal of Educational Technology, 16(2), 173-200 
Mueller, R.O., Husband, O.H., Christou, C., Sun. A., 1991. Preservice Teacher Attitudes 

towards Computer Technology: A Log-Linear Analysis. Mid-West Educational 
Researcher Vol. 4,      2, P.23-27 

Randell, D. (2001). E-learning for continuing education: exploring a new frontier electronic 
learning, 
http://findarticles.com/p/articles/mi_m3230/is_8_33/ai_78057546/pg_1 

Rogers, A. (1986). Teaching Adults. Milton Kaynes, England: Open University Press. 
Rosenberg, M. J. (2001) E-Learning: Strategies for building online learning in the digital age. 

New York: McGraw-Hill  
Shade, D.D. (1994). Computers in early education: Issues put to rest, theoretical links to 

sound practice, and the potential contribution of microworlds. Journal of 
Educational Computing Research 6 (4): 375–92. 

Shin JH. , Haynes RB. (1993).. Effect of problem-based,  self-directed undergraduate 
education on life-long learning. CMAJ. 1993 Mar 15; 148(6):969–76. [PubMed] 

Sparling, J., & Lewis, I. (2001). Learningames: The abecedarian curriculum, 12-24 months. 
Chapel Hill, NC: Early Learning, Inc 

Todman, J., & Dick, G. (1993). Primary children and teachers' attitudes to computers. 
Computers and Education.  20, 199-203. 

Urdan, T. A. & We ggen, C. C. (2000). Corporate E-learning: Exploring a New Frontier, 
Retrieved April 14, 2001, from  

 http://www.wrhambrecht.com/research/coverage/elearning/ir/ir_explore.pdf 
Wolfgang, M., & Dowling, W. (1981). Differences in motivation of adult and younger 

undergraduates. Journal of Higher Education, 52(6), 640-648. 
Woodrow, J. (1991). Locus of control and computer attitudes as determinants of the 

computer literacy of student teachers. Computers and Education, Vol. 16, 237-245 

4 

Learning Performance and 
Satisfaction on Working Education 

Chun-Ling Ho and Tsung-Han Chang  
Kao Yuan University 

Taiwan 

1. Introduction 
The emerging Internet and World Wide Web (WWW) brought about fast variations in the 
development of the learning process in the past ten years. There are various forms for 
learning, such as Computer-Aided Instructions (CAI), Intelligent Tutoring System (ITS), to 
Web-Based Learning (WBL), and e-learning systems. In present fast changing electronic 
world (e-world) knowledge is the key to maintaining the appropriate impetus and 
momentum in organizational and academic environments. In this situation continuous, 
convenient and economical access to training and qualifications assumes the highest priority 
for the ambitious individual or organization. With the booming development of Internet 
and information technology, the Internet has broken the limitation of time and space. 
Information and Communication Technology (ICT) have recently affected strongly on every 
field in the society; especially in recent years, e-learning is being applied widely in the areas 
of training around the world. 

Generally speaking, e-learning is a mode of education that builds on a network technology-
based and also uses a mix of computer and other ICTs, across time and space restricted to 
deliver instruction and provide access to information resources. It can be included delivery 
systems such as videotape, interactive audio-video, CD-ROMs, DVDs, video-conferencing, 
VOD, e-mail, live chat, use of the Web, television, satellite broadcasts and so on. It also 
includes the delivery of contents through Internet, intranet/extranet, audio and videotape, 
satellite broadcast, interactive TV, and CD-ROM”. Access to these resources means that 
students can do homework at a time they feel free and convenience, therefore learning may 
conduct synchronously or asynchronously. 

E-learning can provide content and knowledge as valuable as like traditional training 
environment. Conventional learning often requires learners to travel to different locations 
and gather in various classrooms at specific time, but e-learning has no such restrictions. 
Meeting face-to-face is no longer necessary and learners just need to meet with each other 
via electronic modes of delivery (e.g., chat rooms, discussion boards, instant messaging). 
The benefits of e-learning are not only to learners but also the organizations when they 
learned form this education training mode. 

Taiwan in 1999 had the “Fundamental Science and Technology” concept to establish 
fundamental principles and directions for the development of science and technology. The 
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same year the government approved NTD 40 million within a 5-year period for the 
“National Science and Technology Program for e-Learning”. Firms are aware of the need to 
become learning organizations and increase workers’ skills in order to accommodate new 
technologies.  The e-Learning offers not only the way for anytime, anywhere, flexible 
learning online, but is also a cost effective and flexible method, and one the public and 
private sectors have taken as a useful tool to train and educate the workforce. 

For enterprises, e-Learning could be savings, increasing worker productivity, driving 
operational efficiencies, and streamlining corporate training. e-Learning initiative Basic Blue 
program in IBM, it would save $16 million in 2000. And after cooperating with their e-
Learning management system-Platue Systems, the American Red Cross saved more than 
$10 million in seven-years. About Toyota Motor Sales USA in 2002 declared that the use of 
the Learning System to strengthen training, it would save more than $11.9 million in five 
years. Worldwide revenues in the e-Learning market will reach US$ 500 billion by 2010, and 
the growth of e-Learning market is expected to multiply by 6.  

Learning Environment online is one of key factors that increase the learning satisfaction. 
e-Learning platform should include Content Management System (CMS) and Learning 
Management Systems (LMS). Modular Object-Oriented Dynamic Learning Environment 
(MOODLE) is a free and open source e-learning software platform and is designed to help 
educators create online courses with opportunities for rich interaction. It opens source 
license and modular design that people can develop additional functionality. Basing on 
MOODLE, e-learning system provides help and supports to learners through diverse 
technologies including real-time chat, messages boards, email, lecture material files, and 
so on. According to Clark and Mayer (2003), e-learning was defined as instruction 
delivered on a computer by way of CD-ROM, Internet, or Intranet with the following 
features: 

- Includes content relevant to the learning objectives. 
- Uses instructional methods to help learning. 
- Uses media elements to deliver the content and methods. 
- Linked new knowledge and skills to learning goals and to improved organizational 

performance. 

This chapter proposes a theoretical model based on working safety training in construction 
and integrates the adoption and satisfaction of e-learning by labors. The objective are 
threefold: 

1. To conceptualize a theoretical structural model based on e-learning. 
2. To identify the factors affecting using e-learning system. 
3. To make sure how factors in the proposed model influence labors’ learning in working 

safety training of e-learning.  

This chapter attempts to construct a conceptual model and then integrate the some external 
factors into the proposed model. The objectives/questions include the following: 

Question 1: What are the factors that significantly influence labors using the technology in e-
learning environments? 

Question 2: How does the proposed model explain the variances of satisfaction? 
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2. Working safety training  
In the face of no decrease occupational injuries, attaining a high and consistent level of 
safety-health management system is becoming an important issue for manufacturers and 
industry. According to the statistics, the major occupation accident rate of construction has 
been the highest among all industries. In Taiwan, the percentage of deaths from the 
construction professional accidents between 2001 and 2010 is around 0.031%, much higher 
than that during the same period in advanced countries in Europe, America and the UK, 
indicating that the situation of construction professional accidents in construction has 
become a very serious problem. Thus it’s imperious to improve the construction worker 
safety management, in order to decrease the construction accident occurrence. 

On the other hand, the working injury statistics revealed by Council of Labor Affairs in 
Taiwan, 75% of the casualties were caused by worker’s unsafe behavior, and 75% of the 
unsafe behavior related injured workers were not properly trained by the employers on 
safety. It means working safety training will lower injuries and plays most significant role in 
reducing unsafe behaviors. Therefore, how to improve the effect of safety training is one of 
the key factors to reduce working injuries. 

The general safety training courses in most companies still follow traditional oral teaching 
method and lack of discussion, practice, and simulation drill. And in order to reduce 
training cost, most of instructors are in-house employees that provide the boring courses. It 
will decrease the effect of training. This chapter derives the training and e-learning for labor 
safety and by analyzing the survey and setting up the e-learning procedures, it also 
establishes a good labor safety training planning and implementation mechanism which can 
be conformed the requirements of laws and regulation in construction.  

3. Proposed model and hypotheses 
3.1 Sample 

This chapter obtained the valid samples from A construction and the purpose is to explore 
the relationship among education training and the relationship after training by e-
learning. There were totally 185 questionnaires issued in this chapter, and 178 
questionnaires are valid (effective sample rate is 96.2%). First, responses from the 
questionnaires were gathered and entered into SPSS 16. The significance level chosen for 
this study was .05. Descriptive statistics on all the data provided frequencies, percentages, 
means, and standard deviations.  

The characteristics of this sample were calculated including age and gender of using e-
Learning for labor working safety training by SPSS that also conduct Descriptive statistical 
analysis, Factor analysis, Reliability analysis, Analysis of variance, T-test, Duncan multiple 
T-comparison, and Regression analysis to probe this study. The reliability of data also 
assessed by computing Cronbach’s alpha. 

The sample consisted of 178 workers with 43.6% female and 54.4% male. For age, 12.3% of 
total respondents were over 50 years old, with about 28.6% in the age of 50-40 years old, 
about 38.9% in the age of 40-30 years old and about 20.2% in  30-20 years old. 
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3.2 Instrument development 

On the questionnaire, four predictors-user interface, rich content, platform function, 
learning support to satisfaction on e-learning training, and two labor variables-age and 
gender were selected for further investigation. Figure 1 depicts the hypotheses of three 
groups. Every group shows the hypotheses to examine the effect of perceptions.  

H1: System design (user interface, rich content, platform function, learning support) are 
positively related to satisfaction on e-learning training. 

H2: System design (user interface, rich content, platform function, learning support) are 
correlated with labor variables of age and gender. 

H3: Satisfaction on e-learning training is correlated with labor variables of age and gender. 

 
Fig. 1. The framework of Satisfaction on e-learning training 

 

Team Item Measure
User interface U1 Easy to use 

U2 Friendly interface 
U3 Colorful elements 

Rich content R4 Multi-media for design 
R5 Suitable training content 
R6 Tools for fast learning 

Platform function P7 Function with well done  
P8 Playing easily 
P9 Good network connection 

Learning support L10 Given learning direction 
L11 Help function design 
L12 Supporting online tutor 

Satisfaction on 
e-learning training 

S13 Increase the learning times by myself 
S14 Intensive training effect 

Table 1. Variable Definition 
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A survey questionnaire was developed to measure the relevant constructs. Table 1 
summarizes the operational definition as well as the references for each construct. A five-
point Likert-type scale asked the subjects to rate the degree to which they agreed with the 
statements on a 1 to 5 scale-1 represented “strongly disagree” and 5 “strongly agree”. And 
Table 2 presents the items and the respective loadings of the instrument. 

4. Data analysis  
4.1 Reliability and factor analysis  

In verifying the scale for measuring these constructs, Cronbach’s alpha was used to assess 
the reliability. The coefficient alpha values for user interface, rich content, platform function, 
learning support were 0.92, 0.81, 0.90, 0.93 and 0.87. Because the Cronbach’s alpha values 
were above the conventional level of 0.7 (Nunnally, 1978), the scales for these constructs 
were deemed to exhibit adequate reliability. 

It conducted a confirmatory factor analysis (CFA) to test the convergent validity of each 
construct. The loadings of items against the construct being measured were tested against 
the value 0.7 on the construct being measured and table 2 showed the results obtained for 
the loadings in relation to the latent variables. The factors structure in factor analysis went 
well with the structure of the questionnaire. 

 
 

Item 
Component 

1 2 3 4 5 

U1 0.8912 
 U2 0.8673 

U3 0.3767 
R4 

 
0.9022 

 

 R5 0.7891 
R6 0.5236 
P7 

 

0.7816 

 

P8 0.8603 
P9 0.7928 

L10 0.6156 

 
L11 0.8993 
L12 0.8762 
S13 

 
0.7837 

S14 0.8619 
 
 

Table 2. Initial values of loadings 
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Based on the criteria that item loadings greater than 0.70, we analysis of the cognitive 
absorption construct shows that all items, and then U3, R6 and L10 are much lower than 
acceptable. These two items were dropped from the final model. 

Once all the items that did not load satisfactorily had been removed, the model was rerun. 
Table 3 shows the results of testing the measurement model in the final run. The t-values for 
model loadings show that model loadings are all above 1.96 and significant. 
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4.2 The relationship between System design and labor variables 

For understanding the relationship, in case between gender and user interface, rich content, 
platform function, learning support by using T-test. The result showed both gender had 
significant to perceived each mean (p-value), and the result revealed that male (mean=5.03) 
and female (mean=4.34). It is indicates in Table 4. 
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As illustrates in Table 5, age level had many significant influence on the user interface, rich 
content and platform function (p-value = 0.00), and 20-50 years old generally make more 
interesting of all means. 
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50-40 years old 4.36 5.02 4.63 4.17 
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30-20 years old 5.17 5.89 4.37 4.82 

t-statistic 4.69 4.12 4.33 -0.86 
df 57.63 57.09 57.82 51.87 

p-value 0.00 0.00 0.00 0.68 
 

Table 5. The relationship between system design and age 

4.3 Structural model evaluation 

The analyses of data include descriptive statistics and Structural Equation Modeling (SEM). 
SEM with LISREL 8.5 will be used to analyze the data from the respondents. It has a number 
of advantages over multiple regressions which is commonly used to validate aspects of the 
theory. The SEM consists of two parts, and they are the structural model and the 
measurement model. The structural model shows potential causal dependencies between 
endogenous and exogenous variables, and the measurement model shows the relations 
between the latent variables and their indicators. The structural model was evaluated using 
the following criteria: 

a. Ability to explain variance 
b. Significance of path coefficients 
 

 
 

Fig. 2. Model with T-value path coefficients 
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Based on the criteria that item loadings greater than 0.70, we analysis of the cognitive 
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The structural model was tested with the data from the entire data sample and each of labor 
variables respectively. The comparison of path coefficients are between system design and 
satisfaction on e-learning training, labor variables and satisfaction on e-learning training, 
system design and labor variables (shown as Fig.2). The significance of difference was 
calculated in Table 6 and Table 7. Following the figure show the results of SEM, include 
standardized, estimated and T-value model, as well. 

 
Hypotheses Effects T-values Result 

H1a user interface<-> satisfaction on e-learning 
training 3.256*** Supported 

H1b rich content <-> satisfaction on e-learning 
training 4.012*** Supported 

H1c platform function <-> satisfaction on e-learning 
training 3.763*** Supported 

H1d learning support <-> satisfaction on e-learning 
training 3.002*** Supported 

H2a user interface <-> age 4.786*** Supported 
H2b rich content <-> age 3.267*** Supported 
H2c platform function <-> age -0.162 Not supported 
H2d learning support <-> age 0.268 Not supported 
H2e user interface <-> gender 0.157 Not supported 
H2f rich content <-> gender 2.767*** Supported 
H2g platform function <-> gender -2.031 Not supported 
H2h learning support <-> gender 0.365 Not supported 
H3a age <-> satisfaction on e-learning training 4.629*** Supported 
H3b gender <-> satisfaction on e-learning training 1.903 Not supported 

*p <0.05 (one-tailed test) 
**p <0.01 (one-tailed test)  
***p <0.001 (one-tailed test) 
 

Table 6. Hypotheses test  

 
Model 

hypotheses 
Standardized Path 

Coefficients 
Hypotheses 
Supported 

H1 0.721** Supported 
H2 0.893** Supported 
H3 0.126 Not supported 

*p <0.05 (one-tailed test)  
**p <0.01 (one-tailed test)  
***p <0.001 (one-tailed test) 
 

Table 7. H1 to H3 hypotheses test results 

 
Learning Performance and Satisfaction on Working Education 

 

55 

It can be seen in the above figure, the T-value for eight factors are more than 1.96 suggested 
by Byrne (2001). H1a, H1b, H1c, H1d, H2a, H2b, H2f, H3a are supported by the data and the 
other hypotheses (H2c, H2d, H2e and H3b) are rejected. Significant differences were found 
in two groups of H1 and H2. Significant differences appeared in the path coefficients of all, 
they are system design and satisfaction on e-learning training, user interface and age, rich 
content and age, rich content and gender, age and satisfaction on e-learning training. 

The results found in fact, for satisfaction on e-learning training, it has a substantially greater 
effect on system design. Both of their coefficients are significant, validating H1. H3 assumes 
the perceptions of labor variable are positively related to satisfaction on e-learning training. 
In this case illustrate partly influence between them, thus the results do not provide support 
for H3. H2 posit that system design attitude would have an affect on labor variable. 
However, findings illustrate only perceived “user interface and rich content” shows 
significant coefficient. Therefore, the findings do not totally support H2. 

5. Factors influence labors’ satisfaction of e-learning in working safety 
training 
This section summarized some major findings which were discussed with the aims of the 
chapter: 

 Majority of respondents on age of labor variable, it were between 30-50 years old with 
positively related to satisfaction. 

 This case study found no direct effect on gender satisfaction and system design, but 
only a significant effect on rich content of system design. The non-significance of the 
direct effect is consistent with other recent researches. 

 System design demonstrated much significant influence with satisfaction on e-learning 
training, such as user interface, rich content, platform function, learning support. These 
finding are also consistent with the prior studies. 

 Based on e-learning satisfaction, it identified strongly four significant predictors of 
system design in the structural model of the SEM test: user interface ( T-value=0.35***), 
rich content ( T-value=4.012*** ), platform function( T-value=3.763*** ), and learning 
support ( T-value=3.002*** ). 

 H1 posit that satisfaction and system design would have a positive relation to e-
Learning systems. 

 H2 posit that system design and labor variable would have a positive relation to age of 
labors. 

 H3 posit that labor variable and satisfaction would have no relation to e-Learning 
systems. 

6. Discussion on e-Learning and working training 
Recently, e-Learning has become an important teaching method, and to implement an e-
learning system can make the whole training process to go through it smoothly without any 
limitation of time and space. Therefore, e-Learning has become the revolution in the 21st 
century, and it is not only the learning tendency in the future, but also the important part to 
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The results found in fact, for satisfaction on e-learning training, it has a substantially greater 
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In this case illustrate partly influence between them, thus the results do not provide support 
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5. Factors influence labors’ satisfaction of e-learning in working safety 
training 
This section summarized some major findings which were discussed with the aims of the 
chapter: 
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positively related to satisfaction. 

 This case study found no direct effect on gender satisfaction and system design, but 
only a significant effect on rich content of system design. The non-significance of the 
direct effect is consistent with other recent researches. 

 System design demonstrated much significant influence with satisfaction on e-learning 
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come into economic knowledge. Learning for people will become more self-initiated and 
individualized. 

Internet already starts to change the industry of education. By the characteristics of instant 
and without boundary, Web-Based Training (WBT) has become an important trend for the 
enterprises’ education and training. The e-learning training mode is one of WBT and 
popular for enterprises. For the limitation of cost and time, e-learning has become an 
important trend on training, and many enterprises build an e-learning system as employees’ 
training tool. Some companies do not know how to implement e-learning step by step or 
what is the factor keys to success, especially in construction fields. The critical factors of 
enterprise e-learning are still unclear for them.  

This chapter is attempted to establish an implementation model that may help construction 
understand the critical factors of e-learning for effective plans. Based on e-learning, it tries to 
find out those critical success factors influencing over implementing and performance. 
Furthermore, this found that if the learning quality is increased by conducting e-learning 
mechanisms that can achieve the goals of reducing cost and increasing the efficiency in 
working training. 

Since e-Learning is one of the best tools to increase value on working training, the purpose 
of this chapter is to understand how constructions in Taiwan implement e-learning system, 
what key factors to effect the adoption and processes for the implementation. In the 
implementation procedure, there are effective factors– course, teaching materials, 
instructional design, multi-media technology and infrastructure, which affect the results of 
achievement and learning. Therefore, this research focuses on the user’s satisfaction by 
investigating the e-Learning mode and the training ways. However, studies of user 
satisfaction when using e-learning systems are very limited. This study will discuss a 
comprehensive model and instrument for measuring learner satisfaction with e-learning 
systems. 

After this, we set up three groups in accordance with the result of the different learning 
elements on learning satisfactory investigation. During data collection and analyze, it will 
carefully examine evidence of reliability, content validity, criterion- related validity from the 
samples of a case with e-learning system. The procedures used in conceptualizing the 
survey, generating items, collecting data, and validating are described. To further analyze 
the data, statistical methods such as T-test, Correlation Analysis, and Structural Equation 
Modeling could be conducted.  

The findings and conclusions were made based on the analyzed data and related 
certification Hypothesis: 

1. Different system design will influence learning motivation. 
2. The labors could accept the e-Learning technology that depends on age and rich 

contents of e-learning. 
3. The good system design of e-learning significant effects on grade satisfaction. 
4. The exploration of satisfaction in e-learning based on different labor variables and items 

of learning system attitudes. 
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e-Learning also brings advantages of flexibility and low cost for working education so that 
the strong strength can not be ignored. Nevertheless there are no the theoretical essentials to 
how to create the learning management system according to the characteristic of the 
enterprises. The chapter applied SEM to explore the relation among satisfaction, labor 
variables and system design by analyzing factors in the e-learning environment. First of all, 
it will analysis the system style, such as user interface, rich content, platform function, 
learning support. Then we had conducted an experiment to compare the learning 
performance between e-learning teaching and the conventional teaching. 

To promote the training satisfaction and performance, this chapter highly suggests that the 
construction should understand learning characteristics and learning behavior from workers 
with safety classes to fulfill the needs from learner. Therefore, the three basic principles in 
conducting evaluation are based on system design (user interface, rich content, platform 
function, learning support), labor variables (age and gender) and satisfaction on e-learning 
training. 

The major findings of this chapter are as follows: 

1. System style significant effects on grade and attitude towards the e-Learning. 
2. The e-learning system should be based on labors’ attitudes and different subjects. 
3. The most efficient learning pattern will be explored in construction of working 

education. 
4. The key factors for positively-correlated effect are between satisfaction and system 

design. 
5. For good training program, to make the e-learning cost-efficient and to integrate 

information to suit for construction is important. 

According to the chapter, a successful e-learning system is integrated with the application of 
technology and the design of system. Therefore, this chapter will provide valuable reference 
to the construction adoption of an e-learning system. 
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1. Introduction 
By 2012, most universities in the United States and some European universities have greatly 
augmented their online course offerings; those courses increasingly have been taught by 
adjunct (also called contingent or part-time) instructors. In view of the fact that it costs less 
for universities to hire adjunct instructors since they receive no benefits beyond a small 
salary per course, it would seem that faculty would be leaping at the opportunity to teach 
online and be recognized for their online contributions to offset this increased use of adjunct 
instructors. Indeed, according to a number of universities’ chief academic officers, almost 
50% of faculty accepted the value and legitimacy of online education (Allen and Seaman, 
2008). Yet, almost ten years after the author’s first research study on this subject (Gannon-
Cook, 2003), the researcher found that faculty, both tenured and untenured, were still 
demurring from teaching online; she was stunned to discover that the rates of faculty 
teaching online remained low, particularly in the United States. During that same 
timeframe, ten years, there had been dramatic growth of students taking online courses (one 
in six students in the U.S. taking online courses as of 2006 [Pope, 2006, 1]). Data gathered 
from the researcher’s university, as well as from a number of universities in the United 
States and Europe, indicated that faculty online participation percentages, despite growing 
numbers of online courses, averaged around twenty-five to twenty-eight percent (Ansah, 
and Johnson, 2003; Beggs, 2002: Bender, Wood, and Vredevoogd, 2004; Brabazon, 2001; 
Brookfield, 1995; Cavanaugh, 2005; Chang, 2008; Elaine and Seaman, 2006; Huffman and 
Miller & 2001; Jones and Johnson–Yale, 2005; Kosak, Manning, Dobson, Rogerson, Cotnam, 
Colaric, and McFadden, 2004;Lazarus, 2002; Lin, 2003; Maguire, 2002, 2006; Murphy, 2011; 
Offer, Barth, Lev, and Sheintok, 2003: O’Quinn and Corry, 2003; Paloff and Pratt, 2001; Zhen, 
Garthwait, & Pratt, 2008). So, a question remained that, if the numbers of online courses 
were burgeoning and almost 50% of faculty acknowledged the value and legitimacy of 
online education, why were so few of the faculty teaching online?  

The scope of this study was to look at which factors could positively motivate faculty to 
teach online, and in particular, to look at whether the use of adjunct faculty in the 
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1. Introduction 
By 2012, most universities in the United States and some European universities have greatly 
augmented their online course offerings; those courses increasingly have been taught by 
adjunct (also called contingent or part-time) instructors. In view of the fact that it costs less 
for universities to hire adjunct instructors since they receive no benefits beyond a small 
salary per course, it would seem that faculty would be leaping at the opportunity to teach 
online and be recognized for their online contributions to offset this increased use of adjunct 
instructors. Indeed, according to a number of universities’ chief academic officers, almost 
50% of faculty accepted the value and legitimacy of online education (Allen and Seaman, 
2008). Yet, almost ten years after the author’s first research study on this subject (Gannon-
Cook, 2003), the researcher found that faculty, both tenured and untenured, were still 
demurring from teaching online; she was stunned to discover that the rates of faculty 
teaching online remained low, particularly in the United States. During that same 
timeframe, ten years, there had been dramatic growth of students taking online courses (one 
in six students in the U.S. taking online courses as of 2006 [Pope, 2006, 1]). Data gathered 
from the researcher’s university, as well as from a number of universities in the United 
States and Europe, indicated that faculty online participation percentages, despite growing 
numbers of online courses, averaged around twenty-five to twenty-eight percent (Ansah, 
and Johnson, 2003; Beggs, 2002: Bender, Wood, and Vredevoogd, 2004; Brabazon, 2001; 
Brookfield, 1995; Cavanaugh, 2005; Chang, 2008; Elaine and Seaman, 2006; Huffman and 
Miller & 2001; Jones and Johnson–Yale, 2005; Kosak, Manning, Dobson, Rogerson, Cotnam, 
Colaric, and McFadden, 2004;Lazarus, 2002; Lin, 2003; Maguire, 2002, 2006; Murphy, 2011; 
Offer, Barth, Lev, and Sheintok, 2003: O’Quinn and Corry, 2003; Paloff and Pratt, 2001; Zhen, 
Garthwait, & Pratt, 2008). So, a question remained that, if the numbers of online courses 
were burgeoning and almost 50% of faculty acknowledged the value and legitimacy of 
online education, why were so few of the faculty teaching online?  

The scope of this study was to look at which factors could positively motivate faculty to 
teach online, and in particular, to look at whether the use of adjunct faculty in the 
universities offering online courses affected the motivation of faculty to teach (or not teach) 
online courses. This study looked at data collected from thirty-eight studies of U.S. and 
European universities (see Appendix A) and found that, while the primary motivators for 
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faculty to teach online were intrinsic, such as the desire to make college education available 
to students who would not, otherwise, be able to attend college, and the desire to extend 
course flexibility (Betts, 1998; Bower, 2002; Bruner, 2007;  Chen, 2008; Gannon-Cook, 2003; 
Gannon-Cook, Ley, Warner, & Crawford, 2009; Johnstone, 2000; Maguire, 2002, 2006; 
O’Quinn, 2003; Parker, 2003; Wolcott, 2002a,2002b, 2006, 2008; Zhen, Garthwait, & Pratt, 
2008), other factors, such as increased workload for online teaching, lack of credit toward 
tenure and promotion, and lack of extrinsic motivators, such as stipends and course 
releases, deterred and demotivated as much as seventy-four percent of faculty from teaching 
online (Beggs, 2002; Betts, 2009; Betts, & Sikorski, 2008; Bower, 2002; Chen, 2008; Gannon-
Cook, Ley, Warner, & Crawford, 2009; Johnstone, 2000; Lin, 2002; O’Quinn, 2003). Similar 
events were also occurring in countries, such as the “bric” countries of Brazil, Russia, India, 
and China, and, while some research from these countries were mentioned in this research, 
for the purposes of this study, none were included in the thirty-eight studies utilized herein. 
(Because it is estimated that the United States currently serves one-third of the world’s 
students engaged in cross-border education (Hezel & Mitchell, 2006), the majority of this 
research were U. S. studies). Future studies of faculty motivators and the use of adjunct 
instructors in online courses within these countries can be conducted as the body of research 
continues to accumulate on this subject.  

Findings and recommendations throughout the thirty-eight studies utilized in this research 
cited similar proposed remedies in order to persuade and support faculty to teach online, 
such as encouraging faculty voice and faculty participation in university policy, practice, 
online decisions, online course design and delivery, research credit towards tenure, and 
extrinsic motivations, such as course releases or monetary stipends. It was unclear, however, 
as to whether any of the recommendations from those studies were adopted by the 
administration of those universities (Beggs, 2002; Betts, 2009; Betts & Sikorski, 2008; Birch & 
Burnett, 2009; Bollinger & Wasilik, 2009; Bower, 2002; Gannon-Cook, 2003; McLean, 
2006a,b;O’Quinn, 2003, 2004; O’Quinn, & Corry, 2002; Panda & Mishra, 2008; Quinn, 
Schifter, 2000a,b; Schifter, 2002; Soldner, Lee, Duby, 2004; Trower, 2008; Wolcott, 2006).  

Another important research question that needed to be asked (and was asked in a number of 
the thirty-eight studies) was whether the universities that used large percentages of adjunct 
instructors for online courses found any significant differences in student retention rates in 
those courses. While the increased use of adjuncts was widely acknowledged, this factor 
was seldom mentioned as a factor in studies about faculty motivation (or demotivation) to 
teach online courses, so the opportunity to look at a number of studies addressing faculty 
motivation would provide some insights and inferences that could be made for how to best 
motivate faculty to teach online. Moreover, since much of the research has not focused on 
whether faculty teaching online brings higher student retention and completion rates than 
adjunct instructors, this factor is also addressed in this study.  

If the research does document higher student retention with full-time faculty instructors as 
opposed to adjunct faculty instructors, as the studies utilized in this research seem to 
indicate (American Association of University Professors, 2003; Ansah & Johnson, 2003; 
Benjamin, 2002; Chapman, 2011; McArthur, 1999; Schibik & Harrington, 2004; Southern 
Area Southern Association of Colleges and Schools, 2010; Xenos, Pierrakaes, C., & Pintelas, 
2002), then it might be productive to review the recommendations of those studies to see 
which factors would work best to best secure and retain full-time faculty to teach online 
courses.  
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What remains clear, regardless of the research, is that the universities offering online courses 
continue to grow rapidly and the use of increasing adjunct faculty to teach those courses 
also continues to dramatically increase. It would also follow that if there were particular 
factors that could be singled out to shed light on how to enlist and retain faculty to teach 
online courses, then it would be worth distilling the research and providing administrators 
with that data.  

Definition of Terms 

While the terms distance education, online learning, and electronic learning (elearning) have 
similar meanings, there may be subtle differences ascribed to each in other research, but for 
the purposes of this study, these terms will be used interchangeably. 

2. Review of the literature 
This study looked at thirty-eight studies to assess which factors could positively motivate 
faculty to teach online; the study also looked at whether the increased use of adjunct 
instructors motivated or deterred faculty from teaching online courses. The findings 
revealed that the primary reasons that motivated faculty to teach online were primarily 
based on intrinsic motivators, which should come as no surprise since most faculty enter 
academia motivated intrinsically to teach and help others. But later studies, after 2003, 
pointed to extrinsic motivators having more positive effects on influencing faculty to teach 
online courses. 

In the studies of faculty motivation to teach online that were conducted in the early twenty-
first century, it was found that the majority of faculty choosing to teach online were 
motivated for largely altruistic reasons, similar to the same reasons they chose to teach 
(Betts, 1998; Schifter, 2000 a, b; Johnston, Alexander, Conrad, & Fieser, 2000; Gannon-Cook, 
2003; Maguire, 2002; Parker, 2003; Schifter, 2000a, b; Wolcott, 1996, 2002). Of these, the two 
intrinsic motivators most often identified by faculty in those studies were: “ability to reach 
new (student) audiences that could not attend classes on campus; and, greater course 
flexibility for students” (Gannon-Cook, p.137). In addition to these primary motivators, 
early adopters also enjoyed learning new technologies and having the opportunity for 
personal growth through the experience of teaching online (Betts, 1998; Bower, 2002; Bruner, 
2007; Chen, 2008; Gannon-Cook, 2003; Gannon-Cook, Ley, Warner, & Crawford, 2009; 
Johnstone, 2000; Maguire, 2002, 2006; O’Quinn, 2003; Parker, 2003; Wolcott, 2002a, 2002b, 
2006, 2008; Zhen, Garthwait, & Pratt, 2008).  

While intrinsic motivators continued to prevail over the last ten years as the primary 
motivators, many of the early adopters no longer chose to teach online after a short length of 
time teaching online courses. The residual effects of early adoption often included faculty 
sharing their feedback with colleagues about their online experiences, their stories that told 
of many hours spent handling hundreds of emails, extra time spent answering emails, 
posting to discussion conferences, and helping students learn how to navigate online 
courses, all of which often deterred rather than encouraged other faculty to join their online 
teaching ranks (Betts, 1998; Bower, 2002; Johnston, Alexander, Conrad, & Fieser, 2000; 
O’Quinn, 2003; Southeast Missouri State University, 2001, Wolcott, 2002, 2006). For early 
adopters the added incentives included the opportunity to lead the cause of online teaching 
as role models, although, after heavy investments of time and energy teaching online, they 
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faculty to teach online were intrinsic, such as the desire to make college education available 
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O’Quinn, 2003; Parker, 2003; Wolcott, 2002a,2002b, 2006, 2008; Zhen, Garthwait, & Pratt, 
2008), other factors, such as increased workload for online teaching, lack of credit toward 
tenure and promotion, and lack of extrinsic motivators, such as stipends and course 
releases, deterred and demotivated as much as seventy-four percent of faculty from teaching 
online (Beggs, 2002; Betts, 2009; Betts, & Sikorski, 2008; Bower, 2002; Chen, 2008; Gannon-
Cook, Ley, Warner, & Crawford, 2009; Johnstone, 2000; Lin, 2002; O’Quinn, 2003). Similar 
events were also occurring in countries, such as the “bric” countries of Brazil, Russia, India, 
and China, and, while some research from these countries were mentioned in this research, 
for the purposes of this study, none were included in the thirty-eight studies utilized herein. 
(Because it is estimated that the United States currently serves one-third of the world’s 
students engaged in cross-border education (Hezel & Mitchell, 2006), the majority of this 
research were U. S. studies). Future studies of faculty motivators and the use of adjunct 
instructors in online courses within these countries can be conducted as the body of research 
continues to accumulate on this subject.  

Findings and recommendations throughout the thirty-eight studies utilized in this research 
cited similar proposed remedies in order to persuade and support faculty to teach online, 
such as encouraging faculty voice and faculty participation in university policy, practice, 
online decisions, online course design and delivery, research credit towards tenure, and 
extrinsic motivations, such as course releases or monetary stipends. It was unclear, however, 
as to whether any of the recommendations from those studies were adopted by the 
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2006a,b;O’Quinn, 2003, 2004; O’Quinn, & Corry, 2002; Panda & Mishra, 2008; Quinn, 
Schifter, 2000a,b; Schifter, 2002; Soldner, Lee, Duby, 2004; Trower, 2008; Wolcott, 2006).  

Another important research question that needed to be asked (and was asked in a number of 
the thirty-eight studies) was whether the universities that used large percentages of adjunct 
instructors for online courses found any significant differences in student retention rates in 
those courses. While the increased use of adjuncts was widely acknowledged, this factor 
was seldom mentioned as a factor in studies about faculty motivation (or demotivation) to 
teach online courses, so the opportunity to look at a number of studies addressing faculty 
motivation would provide some insights and inferences that could be made for how to best 
motivate faculty to teach online. Moreover, since much of the research has not focused on 
whether faculty teaching online brings higher student retention and completion rates than 
adjunct instructors, this factor is also addressed in this study.  

If the research does document higher student retention with full-time faculty instructors as 
opposed to adjunct faculty instructors, as the studies utilized in this research seem to 
indicate (American Association of University Professors, 2003; Ansah & Johnson, 2003; 
Benjamin, 2002; Chapman, 2011; McArthur, 1999; Schibik & Harrington, 2004; Southern 
Area Southern Association of Colleges and Schools, 2010; Xenos, Pierrakaes, C., & Pintelas, 
2002), then it might be productive to review the recommendations of those studies to see 
which factors would work best to best secure and retain full-time faculty to teach online 
courses.  
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continue to grow rapidly and the use of increasing adjunct faculty to teach those courses 
also continues to dramatically increase. It would also follow that if there were particular 
factors that could be singled out to shed light on how to enlist and retain faculty to teach 
online courses, then it would be worth distilling the research and providing administrators 
with that data.  

Definition of Terms 

While the terms distance education, online learning, and electronic learning (elearning) have 
similar meanings, there may be subtle differences ascribed to each in other research, but for 
the purposes of this study, these terms will be used interchangeably. 

2. Review of the literature 
This study looked at thirty-eight studies to assess which factors could positively motivate 
faculty to teach online; the study also looked at whether the increased use of adjunct 
instructors motivated or deterred faculty from teaching online courses. The findings 
revealed that the primary reasons that motivated faculty to teach online were primarily 
based on intrinsic motivators, which should come as no surprise since most faculty enter 
academia motivated intrinsically to teach and help others. But later studies, after 2003, 
pointed to extrinsic motivators having more positive effects on influencing faculty to teach 
online courses. 

In the studies of faculty motivation to teach online that were conducted in the early twenty-
first century, it was found that the majority of faculty choosing to teach online were 
motivated for largely altruistic reasons, similar to the same reasons they chose to teach 
(Betts, 1998; Schifter, 2000 a, b; Johnston, Alexander, Conrad, & Fieser, 2000; Gannon-Cook, 
2003; Maguire, 2002; Parker, 2003; Schifter, 2000a, b; Wolcott, 1996, 2002). Of these, the two 
intrinsic motivators most often identified by faculty in those studies were: “ability to reach 
new (student) audiences that could not attend classes on campus; and, greater course 
flexibility for students” (Gannon-Cook, p.137). In addition to these primary motivators, 
early adopters also enjoyed learning new technologies and having the opportunity for 
personal growth through the experience of teaching online (Betts, 1998; Bower, 2002; Bruner, 
2007; Chen, 2008; Gannon-Cook, 2003; Gannon-Cook, Ley, Warner, & Crawford, 2009; 
Johnstone, 2000; Maguire, 2002, 2006; O’Quinn, 2003; Parker, 2003; Wolcott, 2002a, 2002b, 
2006, 2008; Zhen, Garthwait, & Pratt, 2008).  

While intrinsic motivators continued to prevail over the last ten years as the primary 
motivators, many of the early adopters no longer chose to teach online after a short length of 
time teaching online courses. The residual effects of early adoption often included faculty 
sharing their feedback with colleagues about their online experiences, their stories that told 
of many hours spent handling hundreds of emails, extra time spent answering emails, 
posting to discussion conferences, and helping students learn how to navigate online 
courses, all of which often deterred rather than encouraged other faculty to join their online 
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adopters the added incentives included the opportunity to lead the cause of online teaching 
as role models, although, after heavy investments of time and energy teaching online, they 
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often did not often remain teaching online, and in some cases, actually discouraged other 
faculty from teaching online (Bower, 2002; Chang, 2007; Culp, Riffee, Starrett, Sarin, & 
Abrahansen, 2001; Distance Education Report, 2001; Jacobsen, 2000; Jones, Johnson-Yale, 
2005; Lazarus, 2003; Lin, 2002; Kosak, Manning, Dobson, Rogerson, Cotnam, Colaric, & 
McFadden, 2004;Maguire 2002; O’Quinn & Corey, 2002; Paloff & Pratt, 2001; Wolcott, 2002a; 
Zhen, Garthwait, & Pratt, 2008).  

There were also other factors that were demotivating and deterred faculty from teaching 
online. In some cases teaching online actually posed real threats to faculty quests for tenure, 
factors such as the increased workload involved in online teaching, the lack of credit toward 
tenure and promotion for online teaching, and the lack of other incentives, such as raises, or 
course stipends. So, while administration in many universities touted as much as fifty 
percent of faculty being interested in teaching online, in truth, as much as seventy percent of 
faculty in the studies still declined to teach online (Beggs, 2002; Betts, & Sikorski, 2008; 
Bower, 2002; Chen, 2008; Gannon-Cook, Ley, Warner, & Crawford, 2009; Johnstone, 2000; 
Lin, 2002; Murphy, 2011; O’Quinn, 2003; Parker, 2003). 

The recommendations throughout these studies repeatedly cited remedies to provide 
faculty with incentives to teach online that did not involve large investments of monies, 
such as the encouragement of faculty voice, the inclusion of faculty in university policy and 
practice decisions, and the awarding of online teaching credit towards tenure (Ansah, & 
Johnson, 2003); Betts, 1998; Betts, 2008; French, 2001; Gannon-Cook, Ley, Warner, & 
Crawford, 2009; Maguire, 2006; Schifter, 2000a,b, 2002; Soldner, Lee, Duby, 2004; Wolcott, 
1996, 2002a,b; Zhen, Garthwait,& Pratt, 2008). The recommendations also included the 
awarding of extrinsic motivators that would incur increased administrative costs, such as 
course releases or monetary stipends, but could also prove to be a profitable investment if it 
resulted in higher student retention and online course completion rates (Betts & Sikorski, 
2008; Betts, 2009; Bollinger & Wasilik, 2009; Johnston, Alexander, Conrad, & Fieser, 2000; 
Maguire, 2002, 2006; McLean,2006b; O’Quinn, 2002, 2003; Quinn, 2008; Parker, 2003; 
Wolcott, 2006, 2008; Zhen, Garthwait, & Pratt, 2008).  

Some of the factors that received the largest number of responses from faculty in those 
thirty-eight studies were extrinsic, and those factors would provide distinct benefits to 
faculty teaching online courses. So, while intrinsic factors may have first inspired 
participation in online teaching, research studies, such as those conducted by Beggs (2002), 
Bowers (2002), Gannon-Cook (2003), Stevens (2001), and Wolcott (2002a,b), reported that 
faculty participating in continued online teaching were often supported by extrinsic factors, 
such as increased salary, course releases, and credit toward tenure.  

Lack of incentives has become an increasing barrier to institutional growth in offering 
distance education. Studies, such as that of the Distance Education Report (2001), Southeast 
Missouri State University (2001), Zhen, Garthwait, & Pratt (2008), found that issues related 
to faculty were of greater relevance to faculty teaching online than technological issues. 
While technological issues could become a concern, they were often not elevated to a level 
of anxiety by faculty members until they had taught online at least one or more times. But 
once faculty members began teaching online, they often assessed the time invested and, 
despite their commitment to be of help to the students, started to take inventory of the time 
demands required to teach online courses. Since salaries often do not keep pace with the 
rising costs of living, these faculty members were often faced with basic physiological needs 
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that must still be met, such as rent, and food (Gannon-Cook, 2010). When faced with the 
increased demands of teaching online for their home universities, several studies even 
indicated that there were faculty choosing to teach online for other universities instead of 
teaching online for their home universities (where they were employed full-time) because 
there was no additional compensation for teaching online at their home universities 
(Bowers, 2002; Gannon-Cook, 2003; Johnston, Alexander, Conrad, & Fieser, 2000, Maguire, 
2002; Parker, 2003; Wolcott, 2006). 

The use of increasing adjunct faculty to teach online courses will also continue, largely 
because there is such a strong need for instructors for online courses and programs in the 
rapidly expanding world of virtual education. But there are other reasons too for this trend 
that are more bottom line: adjuncts do not require benefits, such as insurance, and adjuncts 
can be paid far less than faculty. With these savings apparent to university administrators, 
there is often a rush to the use of adjunct instructors in online courses, and in fact, the trend 
to hire more or all adjunct instructors is the case of many for-profit universities. Without a 
thorough investigation, there could be a lack of understanding by administration as to the 
costs and benefits of enlisting adjunct instructors rather than full-time faculty to teach 
online.  

High student attrition in online courses and programs (average 40%-60%) (Betts & Sikorski, 
2008; Gannon-Cook, 2003; United States Distance Learning Association, 2001, 2007) could 
end up costing universities more than the costs associated with employing full-time faculty. 
A look at what student attrition costs universities would be worth the time invested, 
particularly since online attrition rates (in the United States) range from 40% to 50%, and can 
be as high as 70% to 80% (Betts & Sikorski, 2008; National Center of Educational Statistics, 
2010, 2011). Attrition can be even higher in online programs, often losing 40-60% of first year 
students (Betts, 2008). Further research into student retentions and course completions 
might provide alternative administrative solutions that reap greater financial benefits. Even 
the retention of one or two students in each online course could add up to a cumulative 
effect in the overall retention rates of students which, in turn, could also have significant 
bottom line ramifications financially for the university in both course and degree 
completions (National Center of Educational Statistics, 2010, 2011). According to the 
National Center of Educational Statistics (2010, 2011), if university retention rates in online 
courses and programs could be raised to the average 78.6% retention rate reported for 
traditional universities, or even if the financial bottom line could be improved by five to 
eight percent in revenues with these retention increases, this could translate to several 
million dollars over a several-year period for the university.  

These numbers could be very compelling to administrators looking for ways to increase 
revenues and retain students and worth further investigation at their universities. The 
American Association of University Professors (AAUP), an organization co-founded by John 
Dewey to provide a criterion of quality higher education academic standards, cites. 

The dramatic increase in the number and proportion of contingent faculty in the last ten 
years has created systemic problems for higher education. Student learning is diminished by 
reduced contact with tenured faculty members, whose expertise in their field and 
effectiveness as teachers  have been validated by peer review and to whom the institution 
has  made a long-term commitment. Faculty governance is weakened by  constant turnover 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 62
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Bower, 2002; Chen, 2008; Gannon-Cook, Ley, Warner, & Crawford, 2009; Johnstone, 2000; 
Lin, 2002; Murphy, 2011; O’Quinn, 2003; Parker, 2003). 
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Wolcott, 2006, 2008; Zhen, Garthwait, & Pratt, 2008).  

Some of the factors that received the largest number of responses from faculty in those 
thirty-eight studies were extrinsic, and those factors would provide distinct benefits to 
faculty teaching online courses. So, while intrinsic factors may have first inspired 
participation in online teaching, research studies, such as those conducted by Beggs (2002), 
Bowers (2002), Gannon-Cook (2003), Stevens (2001), and Wolcott (2002a,b), reported that 
faculty participating in continued online teaching were often supported by extrinsic factors, 
such as increased salary, course releases, and credit toward tenure.  

Lack of incentives has become an increasing barrier to institutional growth in offering 
distance education. Studies, such as that of the Distance Education Report (2001), Southeast 
Missouri State University (2001), Zhen, Garthwait, & Pratt (2008), found that issues related 
to faculty were of greater relevance to faculty teaching online than technological issues. 
While technological issues could become a concern, they were often not elevated to a level 
of anxiety by faculty members until they had taught online at least one or more times. But 
once faculty members began teaching online, they often assessed the time invested and, 
despite their commitment to be of help to the students, started to take inventory of the time 
demands required to teach online courses. Since salaries often do not keep pace with the 
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that must still be met, such as rent, and food (Gannon-Cook, 2010). When faced with the 
increased demands of teaching online for their home universities, several studies even 
indicated that there were faculty choosing to teach online for other universities instead of 
teaching online for their home universities (where they were employed full-time) because 
there was no additional compensation for teaching online at their home universities 
(Bowers, 2002; Gannon-Cook, 2003; Johnston, Alexander, Conrad, & Fieser, 2000, Maguire, 
2002; Parker, 2003; Wolcott, 2006). 

The use of increasing adjunct faculty to teach online courses will also continue, largely 
because there is such a strong need for instructors for online courses and programs in the 
rapidly expanding world of virtual education. But there are other reasons too for this trend 
that are more bottom line: adjuncts do not require benefits, such as insurance, and adjuncts 
can be paid far less than faculty. With these savings apparent to university administrators, 
there is often a rush to the use of adjunct instructors in online courses, and in fact, the trend 
to hire more or all adjunct instructors is the case of many for-profit universities. Without a 
thorough investigation, there could be a lack of understanding by administration as to the 
costs and benefits of enlisting adjunct instructors rather than full-time faculty to teach 
online.  

High student attrition in online courses and programs (average 40%-60%) (Betts & Sikorski, 
2008; Gannon-Cook, 2003; United States Distance Learning Association, 2001, 2007) could 
end up costing universities more than the costs associated with employing full-time faculty. 
A look at what student attrition costs universities would be worth the time invested, 
particularly since online attrition rates (in the United States) range from 40% to 50%, and can 
be as high as 70% to 80% (Betts & Sikorski, 2008; National Center of Educational Statistics, 
2010, 2011). Attrition can be even higher in online programs, often losing 40-60% of first year 
students (Betts, 2008). Further research into student retentions and course completions 
might provide alternative administrative solutions that reap greater financial benefits. Even 
the retention of one or two students in each online course could add up to a cumulative 
effect in the overall retention rates of students which, in turn, could also have significant 
bottom line ramifications financially for the university in both course and degree 
completions (National Center of Educational Statistics, 2010, 2011). According to the 
National Center of Educational Statistics (2010, 2011), if university retention rates in online 
courses and programs could be raised to the average 78.6% retention rate reported for 
traditional universities, or even if the financial bottom line could be improved by five to 
eight percent in revenues with these retention increases, this could translate to several 
million dollars over a several-year period for the university.  

These numbers could be very compelling to administrators looking for ways to increase 
revenues and retain students and worth further investigation at their universities. The 
American Association of University Professors (AAUP), an organization co-founded by John 
Dewey to provide a criterion of quality higher education academic standards, cites. 

The dramatic increase in the number and proportion of contingent faculty in the last ten 
years has created systemic problems for higher education. Student learning is diminished by 
reduced contact with tenured faculty members, whose expertise in their field and 
effectiveness as teachers  have been validated by peer review and to whom the institution 
has  made a long-term commitment. Faculty governance is weakened by  constant turnover 
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and, on many campuses, by the exclusion of contingent faculty from governance activities.  
(American Association of University Professors, 2011, p.2) 

While there are other factors that contribute to student attrition in online courses, such as 
family responsibilities, job requirements, and other personal factors, attrition can still be 
reduced with careful attention, such as advising, mentoring, and nurturing, and all these 
can generate university allegiance, but do prove more challenging for universities without 
strong cores of full-time faculty (Allen & Seaman, 2010; Betts, 2008; Howell, Laws, & 
Lindsay, 2004; Southern Area Southern Association of Colleges and Schools, 2010). 
Interactivities beyond discussion boards and drop boxes can create bonds based on “human 
interaction fostered through instruction, programming, and personalized engagement” 
(Betts, 2008, p.399). Adjunct instructors can do these kinds of interactivities, but, like their 
students, they too have other responsibilities, such as full time jobs elsewhere, or a multiple 
of universities where they teach online. So, while they may teach effectively, they don’t have 
time to get to know their part-time employers’ university cultures, nor do they have much 
time to mentor and nurture, or generate university allegiance in their students when they 
don’t have that allegiance themselves. Full time faculty members’ careers revolve around 
not only teaching, but service and research, and they can nurture their students with 
consistency and follow through with their students that is less possible with adjunct 
instructors. There are some studies that look at whether the consistency of full-time faculty 
teaching online courses increases student retention and completion rates in online courses 
(Benjamin, 2002; Betts & Sikorski, 2008; Bower, 2002; Bruner, 2007; Chapman,2011 Gannon-
Cook, 2003; Johnston, Alexander, Conrad, & Fieser, 2000, Luzer, 2011; Maguire, 2002; 
Wolcott, 2006]). To-date, however, the trend towards the use of adjuncts in teaching online 
courses continues and so does the growing argument in many universities against full time 
faculty.  

In the United States and in the European countries, the standards established by accrediting 
agencies like the Southern Association of Colleges and Schools (2003), and by organizations, 
like the American Association of University Professors (2010), state the university should 
maintain a parity of adjunct instructors to full-time faculty. For example the Southern 
Association of Colleges and Schools (2010), which monitor accreditation standards for most 
southern states in the United States, requires a parity of no more than one full-time faculty 
to four adjunct instructors; moreover, it also mandates that “at least 25 percent of the 
discipline course hours in each major at the baccalaureate level (must be) taught by faculty 
members holding the terminal degree” (p.28). Due to the high demand for online 
instructors, it may become increasingly more difficult to maintain this parity without 
enlisting more university faculty to teach online or disregarding accrediting agency 
guidelines, and this again raises the question of how faculty can be motivated to teach these 
growing numbers of online courses.  

While a number of the studies still maintained a need to intrinsically motivate faculty with 
“atta boys” (verbal or written compliments) for their teaching online (Ansah & Johnson, 
2003; Beggs, 2002; Bruner, 2007; Cavanaugh, 2005; Jacobsen, 2000; O’Quinn, 2003; Schifter, 
2000a, b; Wolcott, 2006; Zhen, Garthwait, & Pratt, 2008), studies conducted in the last seven - 
eight years have pointed to the need for extrinsic motivators to enlist and keep faculty 
involved in teaching online. Among those studies recommending extrinsic motivators, there 
was some argument about which incentives worked best, but the primary extrinsic 
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motivators in a number of studies were reduced teaching load or release time (Betts, 1998, 
2009; Bower, 2002; Schifter, 2000a,b; Gannon-Cook, 2003; Johnston, Alexander, Conrad, & 
Fieser, 2000; Wolcott 2002a, 2002b); faculty training (Bebko, 1998; Beggs, 2002; Betts, 2009; 
Clarke, Butler, Schmidt-Hansen, & Somerville, 2004; Culp, Riffee, Starrett, Sarin, & 
Abrahansen, 2001; Donovan, 2004; Edwards, 2004; French, 2001; Lin, 2002; Twigg, 2000); and 
money, such as stipends, raises, or additional payments for teaching online (Betts, & 
Sikorski, 2008; Bower, 2002, Bruner, 2007; Gannon-Cook, 2003,2009; Gannon-Cook, Ley, 
Crawford, Warner, 2009; Wolcott, 2002ab, 2006). 

But there were also studies that looked at negative motivators to teaching online: (Akbulut, 
Kuzu, Latchem, Odabasi, 2007; begs, 2002; Betts, 1998; Bower, 2002; Bruner, 2007; Gannon-
Cook, 2003; Johnston, Alexander, Conrad, & Fieser, 2000; Kwoumka & Gannon Cook, 2003:  
Lin, 2002; O’Quinn, 2003: Parker, 2003; Schifter, 2002; Twigg, 2000; Wolcott, 2002a, b). The 
studies’ findings suggested that there were factors that could put off faculty from even 
considering teaching online (Beggs, 2002; Betts, 1998; Bruner, 2007; Gannon-Cook, Ley, 
Crawford, Warner, 2009; Maguire, 2002, 2006; O’Quinn, & Corry, 2002; Schifter, 2000a, b; 
West, Waddoups, & Graham, 2007; Wolcott, 1996, 2002a, b); each study contained similar 
findings, but there were slight variances in the factor rankings. The majority of the studies 
listed the factors as:  

lack of salary; 
lack of merit pay; 
lack of credit or promotion; 
lack of recognition and award; 
lack of royalties; 
lack of release time; 
concern about faculty workload; 
lack of technical support; 
lack of support from colleagues; 
lack of support from Dean and university administrators 

Many of those studies also cited several intrinsic deterrents that were voiced by faculty 
reticent to teach online; the two intrinsic factors most often cited were: 

concern over the quality of instruction for online students; and concern over the quality of 
online courses 

Since each study’s findings related to the university where that study was conducted, 
findings could not be generalized, but the repeated mention of the above-listed deterrents, 
both extrinsic and intrinsic, throughout the studies, pointed to the strong likelihood that 
these factors represented at least a representative number of faculty members’ feelings about 
teaching online. 

While the findings mentioned above were the most cited in the studies researched herein, 
there were also some surprising findings that surfaced in a number of studies that might 
also be worth looking at when considering which factors would best motivate faculty to 
teach online. There were other factors that were not singled out as meaningful to faculty, but 
that may have been because the factors were not understood by faculty who had not 
previously taught online. Perhaps the reasons may have been that those faculty were just 
becoming aware of the potential time commitments required for online teaching (faculty 
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and, on many campuses, by the exclusion of contingent faculty from governance activities.  
(American Association of University Professors, 2011, p.2) 
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(Betts, 2008, p.399). Adjunct instructors can do these kinds of interactivities, but, like their 
students, they too have other responsibilities, such as full time jobs elsewhere, or a multiple 
of universities where they teach online. So, while they may teach effectively, they don’t have 
time to get to know their part-time employers’ university cultures, nor do they have much 
time to mentor and nurture, or generate university allegiance in their students when they 
don’t have that allegiance themselves. Full time faculty members’ careers revolve around 
not only teaching, but service and research, and they can nurture their students with 
consistency and follow through with their students that is less possible with adjunct 
instructors. There are some studies that look at whether the consistency of full-time faculty 
teaching online courses increases student retention and completion rates in online courses 
(Benjamin, 2002; Betts & Sikorski, 2008; Bower, 2002; Bruner, 2007; Chapman,2011 Gannon-
Cook, 2003; Johnston, Alexander, Conrad, & Fieser, 2000, Luzer, 2011; Maguire, 2002; 
Wolcott, 2006]). To-date, however, the trend towards the use of adjuncts in teaching online 
courses continues and so does the growing argument in many universities against full time 
faculty.  

In the United States and in the European countries, the standards established by accrediting 
agencies like the Southern Association of Colleges and Schools (2003), and by organizations, 
like the American Association of University Professors (2010), state the university should 
maintain a parity of adjunct instructors to full-time faculty. For example the Southern 
Association of Colleges and Schools (2010), which monitor accreditation standards for most 
southern states in the United States, requires a parity of no more than one full-time faculty 
to four adjunct instructors; moreover, it also mandates that “at least 25 percent of the 
discipline course hours in each major at the baccalaureate level (must be) taught by faculty 
members holding the terminal degree” (p.28). Due to the high demand for online 
instructors, it may become increasingly more difficult to maintain this parity without 
enlisting more university faculty to teach online or disregarding accrediting agency 
guidelines, and this again raises the question of how faculty can be motivated to teach these 
growing numbers of online courses.  

While a number of the studies still maintained a need to intrinsically motivate faculty with 
“atta boys” (verbal or written compliments) for their teaching online (Ansah & Johnson, 
2003; Beggs, 2002; Bruner, 2007; Cavanaugh, 2005; Jacobsen, 2000; O’Quinn, 2003; Schifter, 
2000a, b; Wolcott, 2006; Zhen, Garthwait, & Pratt, 2008), studies conducted in the last seven - 
eight years have pointed to the need for extrinsic motivators to enlist and keep faculty 
involved in teaching online. Among those studies recommending extrinsic motivators, there 
was some argument about which incentives worked best, but the primary extrinsic 
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motivators in a number of studies were reduced teaching load or release time (Betts, 1998, 
2009; Bower, 2002; Schifter, 2000a,b; Gannon-Cook, 2003; Johnston, Alexander, Conrad, & 
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Abrahansen, 2001; Donovan, 2004; Edwards, 2004; French, 2001; Lin, 2002; Twigg, 2000); and 
money, such as stipends, raises, or additional payments for teaching online (Betts, & 
Sikorski, 2008; Bower, 2002, Bruner, 2007; Gannon-Cook, 2003,2009; Gannon-Cook, Ley, 
Crawford, Warner, 2009; Wolcott, 2002ab, 2006). 

But there were also studies that looked at negative motivators to teaching online: (Akbulut, 
Kuzu, Latchem, Odabasi, 2007; begs, 2002; Betts, 1998; Bower, 2002; Bruner, 2007; Gannon-
Cook, 2003; Johnston, Alexander, Conrad, & Fieser, 2000; Kwoumka & Gannon Cook, 2003:  
Lin, 2002; O’Quinn, 2003: Parker, 2003; Schifter, 2002; Twigg, 2000; Wolcott, 2002a, b). The 
studies’ findings suggested that there were factors that could put off faculty from even 
considering teaching online (Beggs, 2002; Betts, 1998; Bruner, 2007; Gannon-Cook, Ley, 
Crawford, Warner, 2009; Maguire, 2002, 2006; O’Quinn, & Corry, 2002; Schifter, 2000a, b; 
West, Waddoups, & Graham, 2007; Wolcott, 1996, 2002a, b); each study contained similar 
findings, but there were slight variances in the factor rankings. The majority of the studies 
listed the factors as:  

lack of salary; 
lack of merit pay; 
lack of credit or promotion; 
lack of recognition and award; 
lack of royalties; 
lack of release time; 
concern about faculty workload; 
lack of technical support; 
lack of support from colleagues; 
lack of support from Dean and university administrators 

Many of those studies also cited several intrinsic deterrents that were voiced by faculty 
reticent to teach online; the two intrinsic factors most often cited were: 

concern over the quality of instruction for online students; and concern over the quality of 
online courses 

Since each study’s findings related to the university where that study was conducted, 
findings could not be generalized, but the repeated mention of the above-listed deterrents, 
both extrinsic and intrinsic, throughout the studies, pointed to the strong likelihood that 
these factors represented at least a representative number of faculty members’ feelings about 
teaching online. 

While the findings mentioned above were the most cited in the studies researched herein, 
there were also some surprising findings that surfaced in a number of studies that might 
also be worth looking at when considering which factors would best motivate faculty to 
teach online. There were other factors that were not singled out as meaningful to faculty, but 
that may have been because the factors were not understood by faculty who had not 
previously taught online. Perhaps the reasons may have been that those faculty were just 
becoming aware of the potential time commitments required for online teaching (faculty 
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who had previously taught online were quick to share their online teaching experiences 
with fellow faculty members, but there still seemed to be a general lack of awareness of the 
time involved in teaching online classes). In addition, little or no evidence may have been 
available to the faculty participating in these studies that would provide insights into time 
required to create the content and deliver course materials in online environments, or the 
time to work with the instructional designer or design teams that would co-create the online 
courses with the faculty serving as content matter expert for the online course(s). The steps 
involved in designing, implementing, and teaching online extended beyond traditional in-
class preparation time, largely because online courses required more online interactivities, 
more graphic representations, and more attention to cultural implications, all while there 
were additional considerations, such as how the course materials would be housed within 
the learning management system, and how the technology would be utilized inside and 
outside the course (Ansah, & Johnson, 2003; Betts, 1998; Bender, Wood, & Vredevoogd, 2004; 
Cavanaugh, 2005; Chang, 2007; Chang 2008; French, 2001; Harley, 2002; Jacobsen, 2000; 
Lazarus, 2003; Weller, 2006).  

A surprising finding was how low the ranking was over the factor of copyright ownership 
rights, and in some studies this factor was not even a consideration by faculty who had 
participated in the studies. Few faculty seemed to be concerned over copyright ownership 
rights, or royalties, at least as of the latest studies reviewed for this research (Betts, 2009; 
Gannon-Cook, Ley, Warner, & Crawford, 2010; Quinn & Trower, 2008; Wolcott, 2006; Zhen, 
Garthwait, & Pratt, 2008). (Concern over royalties was listed as one of the deterrents to 
faculty participating online in a number of the studies used in this research, but this factor 
ranked at most, fourth on the list of factors that could affect participation in online courses 
(Gannon-Cook, Ley, Crawford, Warner, 2009; Maguire, 2002, 2006; O’Quinn, & Corry, 2002; 
Schifter, 2000a, b; Wolcott, 1996, 2002a, b). Part of the reason for the lack of faculty interest or 
concern about ownership or royalties may have been because many faculty usually 
designed their own on-ground (traditional classroom) classes as a part of their teaching 
duties for the university; they did not generally copyright their courses, nor did they receive 
any royalties, or additional compensation for their courses. So it would follow that faculty 
that had not taught online would not think about copyrights or the potential problems that 
could surface with respect to contracts for designing courses that could either include 
payments for the design of courses and royalties, or “work for hire” courses designed for 
the university without any royalty rights. Without faculty being presented with the pros and 
cons of online course contracts, it would make sense that faculty who had not taught online 
previously would not pay attention to this factor when responding to surveys requesting 
their prioritizing of copyright considerations in designing online courses.  

Another factor that was mentioned in many studies (Beggs, 2002; Betts, 1998, 2008; Bollinger 
& Wasilik, 2009; Bower, 2002; O’Quinn, 2003; O’Quinn & Corry, 2002; Quinn & Trower, 
2008; Wolcott, 2006; Zhen & Pratt, 2008) was “lack of support from dean and university 
administrators” and that factor was ranked in the top ten factors in the list of motivators (or 
demotivators) to participate in distance education. Since there was no clear interpretation of 
what would constitute greater support from the deans or administrators, it was hard to 
parse out what that would mean, but the studies cited generally indicated that “support” 
seemed to mean that the dean and administration understood the faculty member’s 
commitment’s to teaching online with accommodations, such as teaching load adjustment 
for teaching online, updated technology training and software updates, or simply by 
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providing positive administrative support. In some comments generated from faculty it 
seemed that a number of respondents felt that faculty should be included in university 
decisions, particularly with respect to curricular and design decisions that affected both 
faculty and students. Other considerations, such as credit toward tenure, could also fall 
under the category of “support” and would also acknowledge the work involved in 
teaching online. 

This study did not look at trends in other countries, so research will need to be conducted to 
see if the recommendations from studies, such as the ones cited herein, would be applicable 
to universities offering online courses and programs in those countries. For universities 
seeking to provide cross-border education, it would make sense to consider the cultures and 
traditions of those countries first and implement measures that honor those priorities, then 
conduct studies, similar to the ones cited here, that address the use of adjuncts and full-time 
faculty, and the bottom-line cost comparisons of using more adjuncts or full-time faculty to 
teach online courses.  

One Taiwanese study of online students pointed to a lack of adequate mentoring or advice 
from experienced and knowledgeable faculty as one of the most frequently cited sources of 
delay in completing their degrees (Kuo, 2011). It was also mentioned in several Chinese 
studies (Chang, Martin, Schellens, 2010; Huang, Dedegikas, Walls,2009; Zhang, Zhang, Duan, 
Fu, Wang, 2010)  that it was important for the university to be aligned with its mission and that 
“Chinese students are used to the classroom teaching style. The reason for this situation could 
be that the traditional face-to-face class is still the main style of teaching in China” (Khou, 2011, 
p.6). Questions were also raised about whether the universities studied articulated global 
learning as a goal for its undergraduates; there were also questions about how faculty were 
rewarded for their teaching and scholarship (Chapman, 2011) and there were comments that 
cross-border providers may not meet each country’s priorities, and perhaps these locales are 
better served by their local universities than by foreign providers that more frequently deliver 
what they already have developed elsewhere. 

A review of research on Brazilian universities (Abrahão & Malanga, 2010) revealed 
universities have been undergoing a turning point in Brazil’s brief history of higher 
education (the first Brazilian university, the University of Sao Paulo, was only founded in 
1934). Therefore, the analysis has evidenced that “public policies for higher education must 
signal if they want to provide professional teaching in higher education, geared toward the 
job market, or rather, teaching from a real university, thus basing its mission, ethos and 
episteme in the 21st century on knowledge production and transmission” (p.43). No doubt if 
the choice is the latter, then there will be a strong need for full-time tenure-track and 
tenured faculty. While Brazil is also turning more to online education, it appears that there 
will be an emphasis placed on a “real university” experience which may necessitate 
traditional university standards and faculty, and will include the enlistment of faculty to 
teach online, so motivating faculty will become more important as the universities continue 
to grow. Future studies may reveal the progress of online courses and degree programs 
throughout the major Brazilian universities over the next decade.   

In summary, there were a number of factors cited in the thirty-eight studies that could enlist 
and retain faculty to teach online courses and also allow the universities to best focus on 
their student populations and financial needs. If some of these recommendations have been 
adopted in the universities studied, then perhaps there can be follow-up studies that can 
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who had previously taught online were quick to share their online teaching experiences 
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designed their own on-ground (traditional classroom) classes as a part of their teaching 
duties for the university; they did not generally copyright their courses, nor did they receive 
any royalties, or additional compensation for their courses. So it would follow that faculty 
that had not taught online would not think about copyrights or the potential problems that 
could surface with respect to contracts for designing courses that could either include 
payments for the design of courses and royalties, or “work for hire” courses designed for 
the university without any royalty rights. Without faculty being presented with the pros and 
cons of online course contracts, it would make sense that faculty who had not taught online 
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administrators” and that factor was ranked in the top ten factors in the list of motivators (or 
demotivators) to participate in distance education. Since there was no clear interpretation of 
what would constitute greater support from the deans or administrators, it was hard to 
parse out what that would mean, but the studies cited generally indicated that “support” 
seemed to mean that the dean and administration understood the faculty member’s 
commitment’s to teaching online with accommodations, such as teaching load adjustment 
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providing positive administrative support. In some comments generated from faculty it 
seemed that a number of respondents felt that faculty should be included in university 
decisions, particularly with respect to curricular and design decisions that affected both 
faculty and students. Other considerations, such as credit toward tenure, could also fall 
under the category of “support” and would also acknowledge the work involved in 
teaching online. 

This study did not look at trends in other countries, so research will need to be conducted to 
see if the recommendations from studies, such as the ones cited herein, would be applicable 
to universities offering online courses and programs in those countries. For universities 
seeking to provide cross-border education, it would make sense to consider the cultures and 
traditions of those countries first and implement measures that honor those priorities, then 
conduct studies, similar to the ones cited here, that address the use of adjuncts and full-time 
faculty, and the bottom-line cost comparisons of using more adjuncts or full-time faculty to 
teach online courses.  

One Taiwanese study of online students pointed to a lack of adequate mentoring or advice 
from experienced and knowledgeable faculty as one of the most frequently cited sources of 
delay in completing their degrees (Kuo, 2011). It was also mentioned in several Chinese 
studies (Chang, Martin, Schellens, 2010; Huang, Dedegikas, Walls,2009; Zhang, Zhang, Duan, 
Fu, Wang, 2010)  that it was important for the university to be aligned with its mission and that 
“Chinese students are used to the classroom teaching style. The reason for this situation could 
be that the traditional face-to-face class is still the main style of teaching in China” (Khou, 2011, 
p.6). Questions were also raised about whether the universities studied articulated global 
learning as a goal for its undergraduates; there were also questions about how faculty were 
rewarded for their teaching and scholarship (Chapman, 2011) and there were comments that 
cross-border providers may not meet each country’s priorities, and perhaps these locales are 
better served by their local universities than by foreign providers that more frequently deliver 
what they already have developed elsewhere. 

A review of research on Brazilian universities (Abrahão & Malanga, 2010) revealed 
universities have been undergoing a turning point in Brazil’s brief history of higher 
education (the first Brazilian university, the University of Sao Paulo, was only founded in 
1934). Therefore, the analysis has evidenced that “public policies for higher education must 
signal if they want to provide professional teaching in higher education, geared toward the 
job market, or rather, teaching from a real university, thus basing its mission, ethos and 
episteme in the 21st century on knowledge production and transmission” (p.43). No doubt if 
the choice is the latter, then there will be a strong need for full-time tenure-track and 
tenured faculty. While Brazil is also turning more to online education, it appears that there 
will be an emphasis placed on a “real university” experience which may necessitate 
traditional university standards and faculty, and will include the enlistment of faculty to 
teach online, so motivating faculty will become more important as the universities continue 
to grow. Future studies may reveal the progress of online courses and degree programs 
throughout the major Brazilian universities over the next decade.   

In summary, there were a number of factors cited in the thirty-eight studies that could enlist 
and retain faculty to teach online courses and also allow the universities to best focus on 
their student populations and financial needs. If some of these recommendations have been 
adopted in the universities studied, then perhaps there can be follow-up studies that can 
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generalize the findings so that they can be extended to other universities and to online cross-
border education, or replicated in universities in other countries.   

3. Analysis 
This section describes the methods used to investigate variables that could motivate or 
inhibit faculty to teach and remain teaching online courses. This study utilized a qualitative, 
postpositivist methodology which conducted historical research to review over thirty-eight 
studies to uncover data that could reveal which factors best motivated faculty to participate 
in teaching and designing online courses. The analysis included thick description in order to 
uncover as much data as possible that could identify “reasonable implications for practice 
from their findings” (Gall, Borg, Gall, 1996, p.748).  

In addition, the actor-network theory was also introduced as a viable methodology for this 
study since it is primarily used to study social, economic, and cultural effects, particularly in 
science and technology studies (STS), and to apply the STS principles across academic 
disciplines to higher education. (STS has already been documented effectively in disciplines 
other than science, most notably in organizational analysis, economics, sociology, and 
anthropology (Callon, 1986; Latour, 1987, 2005; Law & Hassard, 1999; Law, 1992). The 
relationships among technological innovations, faculty, and higher education 
administration are viewed in socially embedded contexts so as to get a more comprehensive 
look at how the findings and recommendations from the studies on faculty motivation could 
be utilized effectively.    

Historical Analysis 

In an effort to better understand how faculty, as an important element in student retention 
and successful completion of online courses, can be motivated to teach and remain teaching 
online courses, extensive research into studies on faculty motivation was undertaken by the 
researcher; at least 36 studies on faculty motivation were found which utilized a variety of 
quantitative and mixed-method methodologies. In addition a thorough literature review 
(see Review of Literature) supplemented the data provided from the studies. Repeatedly, 
intrinsic motivation was cited as an important contributor to faculty motivation to teach 
online, primarily because teaching online allows students to take courses and pursue a 
degree when they may not, otherwise, have access or opportunity to do so; and the desire to 
be helpful, along with the chance to contribute to the betterment of mankind, assures the 
inclination of faculty to take up the challenge of teaching online. Studies prior to 1999 (Bonk, 
2001; Bower, 2002; Johnston, Alexander, Conrad, & Fieser, 2000; Maguire, 2002; O’Quinn, & 
Corry, 2002; Schifter, 2000a, b; Wolcott, 1996) included a larger number of early DE adopters 
who were more intrinsically motivated to participate in DE. (An early adopter is someone 
who takes on or embraces an innovation in the early phases of implementation). These 
respondents reported that the intrinsic rewards of accomplishment were enough incentive 
to participate in DE (Bonk, 2000; French, 2001; Husman & Miller, 1999; Johnston, 1999; 
Wilson, 1999). However, surveys conducted after 2000 included responses from more late 
adopters of DE (a late adopter being someone who has reservations about implementing the 
innovation and refrains from adoption until he/she is more comfortable with the 
innovation), and these respondents were more motivated by extrinsic rewards (Beggs, 2002; 
Bower, 2002; Johnston, 2000; Bollinger & Wasilik, 2009; Bruner, 2007; Cavanaugh, 2005; 
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Gannon-Cook, Ley, Crawford, Warner, 2009; Maguire, 2006; McLean, 2006b; O’Quinn, & 
Corry, 2004; Panda, & Mishra, 2008; Wolcott, 2006; Zhen, Garthwait, & Pratt, 2008).  

Maslow stated there were two basic levels of human needs that motivated humans: lower 
level needs, such as physiological, security; and, higher level needs, such as esteem of self 
and others, and self-actualization (Maslow, 1970). Once the lower level needs are met, those 
needs become less important and the motivation rises towards the higher level needs, yet 
the physiological and security needs must be met, or primal survival fears surface. Work has 
been modern human's way of earning the means of meeting the physiological and security 
needs, and without a feeling of some degree of security in that work, it is hard to move up to 
the next order of higher level needs. Extrinsic motivation emphasizes that satisfaction from 
an activity is contingent upon a reward; and extrinsic motivators include a variety of 
offerings for faculty, such as salary increases, merit pay, course overloads, tenure or 
university recognition in the form of lab space, and monetary stipends (Gannon-Cook, 
2010).  

If a large number of studies recommend that universities give faculty more extrinsic 
rewards and include faculty in major decisions, such as their distance learning, then why 
have so many universities remained intransigent about implementing these 
recommendations and offering these incentives to faculty? The answer is that, usually, 
college presidents, deans, and administrators of universities would respond with two 
words: “the economy.” But avoiding, or worse, refusing, to consider faculty concerns or 
motivations, particularly about teaching online, could result in problems that could be 
avoided if university administrators addressed some of the important questions and 
concerns of faculty. So, what are the true savings and what are the potential costs of failing 
to consider the recommendations of the many studies that addressed faculty concerns about 
teaching online? 

In truth, some of the extrinsic factors with the highest rankings in the studies cited in this 
research (See Appendix A) would not cause the university to substantially increase its 
faculty budgets. These were: training, reduced teaching load, and support and 
encouragement from the dean or administration (Betts, 1998; Gannon-Cook, 2003; Johnston, 
Alexander, Conrad, & Fieser, 2000; Wolcott, 2002a, b). But highest on the list of factors that 
would positively influence faculty to teach online were: increase in salary, job security 
(credit towards tenure), and monetary support/stipends; these would all substantially add 
to the university’s expenses. However, it bears reviewing the costs incurred for offering 
extrinsic rewards to the costs to enlist and retain faculty, particularly in online teaching. It 
might be worth exploring, particularly compared to the costs of not only the increased costs 
of offering any or all of these extrinsic motivators, but to also look at the costs of adjunct 
salaries, possible costs of lost opportunities for increased online course offerings, or, worse, 
the costs of student attrition or lower student enrollments due to unavailability of full-time 
faculty (Bender, Wood, & Vredevoogd, 2004; Benjamin, 2002; Florida, State of, 2011; 
McArthur, 1999; McLean, 2006a; Xenos, Pierrakaes, & Pintelas, 2002). 

Actor-Network Analysis 

The actor-network theory is utilized to study social, economic, and cultural effects across 
academic disciplines, including higher education. (Callon, 1986; Latour, 1987, 2005; Law & 
Hassard, 1999; Law, 1992; Schibik, Harrington, 2004; Xenos, Pierrakaes, & Pintelas, 2002). 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 68

generalize the findings so that they can be extended to other universities and to online cross-
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Actor-network theory (ANT) is a type of methodology which looks at the agency of 
nonhuman issues and the effects of technology and other research factors upon humans and 
it has been used primarily in the fields of science, but has expanded in its applications across 
many other academic disciplines. 

The basic premise of actor-network analysis is that no environment exists in a vacuum; in 
higher education, factors that affect faculty also affect higher educational administration, 
and both affect and are affected by technologies. Socially embedded contexts provide 
insights into the big picture—and how all of these factors converge to influence the entire 
environment and how the outcomes of decisions made with respect to each factor, are in 
turn, affected. In this research, the studies on faculty motivation that were reviewed 
provided invaluable insights into how their findings and recommendations could be 
utilized effectively.   

Actor-network theory looks at how environments and networks act as a whole. An example, 
in the higher education elearning environment, students in an online course are encouraged 
to share their sociocultural backgrounds in their introductions, thus incorporating their 
cultural histories into their student experiences. They post their introductions via the 
learning management system; they share their experiences from their lives with the 
instructor and students in the class; and they integrate their experiences into the context of 
the online discussion using the technology and learning management system (LMS), yet 
another interface. All of these different environments and elements are brought together 
into a network to form a coherent whole.  

According to actor-network theory, such actor-networks are potentially transient, existing in 
a constant making and re-making. This means that relations need to be repeatedly 
“performed” … (The teachers need to come to work each day, and the computers need to 
keep on running.)…Networks of relations are not intrinsically coherent, and may indeed 
contain conflicts (there may be adversarial relations between teachers/children, or computer 
software may be incompatible). Social relations, in other words, are only ever in process, 
and must be performed continuously (Wikipedia, 2011 http://en.wikipedia.org/wiki/ 
Actor-network_theory) 

In the research conducted in this study, factors addressed intrinsic and extrinsic factors that 
motivated or de-motivated faculty to participate in online courses; few addressed 
nonhuman issues. None addressed nonhuman issues in any detail, such as the effects of 
technology, learning management systems, and other research factors, such as online course 
development and design factors. Yet, no environment exists in a vacuum; factors that 
students affect faculty; factors that affect faculty affect higher education administration; both 
affect and are affected by technologies; and, all of these factors affect students and student 
retention. Socially embedded contexts provide insights into the big picture; by introducing a 
search for actor-network factors the researcher was able to take a look at how the dynamics 
of diverse student learners, their interaction with the technology and LMS, with each other, 
and with the instructor, and all of the observed participants’ interactions in each module’s 
discussions of the course’s subject matter, provided a big picture perspective of the course 
and participants. Too often the instructor is so busy juggling the course materials, the 
technologies, the internal and external email student correspondences, the discussion posts, 
and their other faculty responsibilities, that they have little time to take a minute while in 
situ to look at patterns that are occurring in the course. They may not even realize there 
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were problems experienced by students until long after the course when they receive their 
course evaluations, particularly if students don’t put them on notice about their questions or 
concerns during the course. (Depending on the online environment and personalities of the 
students, they may not feel comfortable enough to voice concerns while in the class unless 
the instructor has made concerted efforts to encourage an open collaborative environment.)  

The students may also be experiencing cognitive load issues associated with added stress 
from being in an online environment, from having to go outside the course to wikis or 
Wimbas, or VOIP (voice over internet protocol) sites where they must participate and post 
their feedback or assignments (Paas, Renkl, & Sweller, 2003; Sweller, 1994, 1999).  

Cognitive load. 

Cognitive load issues can be important considerations in online courses (Gannon Cook & 
Crawford, 2009). The learner can easily become overwhelmed with information and 
requirements, therefore, the online course should be structured simply to present 
information that progressively develops a cognitive and conceptual framework of 
understanding on the part of the learner. The learner must develop a knowledge base before 
moving on to the next bit of knowledge; a new learner may take a longer period of time to 
understand and develop an understanding of the subject than a learner with prior 
knowledge and understanding of the subject matter. “Then, once expertise is gained the 
newly crowned expert can reinvest the extra cognitive load into other things” (Wilson, 21 
July 2008, ¶ 3). To-date, while the topic of cognitive load has been extensively discussed, 
there are few studies that have provided sufficient data so as to show there is a significant 
cognitive load impact on students participating in online courses, likely due to the fact that 
affective factors vary by student, such as the diverse student knowledge and skill levels 
(Paas, Renkl, & Sweller, 2003), as well as a number of other factors that could affect or not 
affect student cognitive loads in online courses.  

Other factors. 

In addition to cognitive load, other factors, such as the factors of cultural backgrounds, 
socioeconomic status, technological proficiency, and learning styles on the part of the 
students; and, content materials, online course design, learning management systems, as 
well as philosophical beliefs on the part of the teachers, there are yet other factors that are 
seldom even mentioned in the studies reviewed in this research. For example, language 
considerations could affect learning abilities of first-generation students; same for cultural 
courtesies that may keep some students from participating more fully.   

Because there are so many unexplored factors that could contribute to the big picture of 
faculty motivation, the actor-network approach was utilized in this study to see if there 
were any consistent factors that could point to interactions with faculty teaching online in 
the courses researched, with design features, or with other actor-network factors that could 
shed light on faculty teaching online. The hope was that inferences could be made from 
these studies on which factors best motivate faculty participation in online courses. But 
without conducting more studies that parsed out individual factors that could have 
significant impact upon both online students and the faculty teaching or considering 
teaching those courses, it would be difficult to assign any attribution to actor-network 
factors in the assessment of what motivated faculty to teach online. Further research could 
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shed more light on best elearning practices to contribute to the lessons learned on faculty 
motivators and incentives to teach online.  

The research in these thirty-eight studies that could identify “reasonable implications for 
practice from their findings” (Gall, Borg, Gall, 1996, p.748) for faculty considering or 
teaching online seemed to revolve around the preponderance of courses that cited first 
intrinsic motivation as the top motivator, particularly referencing faculty members’ desires 
as teachers, to be helpful to their students, and help students find ways to take advantage of 
online courses to advance their education. The availability of online courses and programs 
and convenience were intrinsically encouraging to teachers who want to see students who 
may, otherwise, not be able to go to college have a way to earn their degrees. These reasons 
seemed to be de facto motivators for faculty who had entered the teaching profession to be 
of service to others, the studies, never the less named them as the primary motivators.  

But many faculty already carry full or overload teaching and administrative workloads, so 
pride of helping students achieve and personal accomplishment and might not sustain 
continued DE instruction without the reinforcement of some type of external motivation. 
There needed to be some other factors that could better assure faculty participation and 
retention in teaching online courses. 

Universities often take the stance that DE will be integrated into traditional curricula, 
requiring faculty to teach DE and e-courses as a part of their teaching load. However, the 
researcher wanted to look at this stance, particularly with respect to second and third 
generation DE faculty. Since the preponderance of the studies indicated that, after early 
adopters had taught online they often demurred from teaching again (Beggs, 2002; Bower, 
2002; Betts, 2009; Betts & Sikorski, 2008; Birch, Burnett, 2009; Bruner, 2007; Gannon-Cook, 
Ley, Crawford, Warner, 2009; Johnston, Alexander, Conrad, & Fieser, 2000; O’Quinn & 
Corry, 2002, 2004; Panda & Mishra, 2008, Parker, 2003; Quinn, Trower, 2008), it seemed that 
finding which factors that could not only incentivize faculty to participate in teaching 
online, but to continue teaching online, could prove informative.  

Some collaborative approaches between administration and faculty could create ongoing 
dialog for enlisting and retaining faculty teaching online courses and set the tone for future 
stability of faculty teaching online courses. The “carrot and stick” motivation was explored 
in several studies (Betts, 1998; Schifter, 2002; Wolcott, 1996), with the intention of exploring 
which key incentives were successful as rewards for teaching online. The results in the 
majority of the studies had indicated extrinsic motivators were ranking the highest, even as 
the intrinsic motivators had shown to be powerful, but the keys to getting and keeping 
faculty engaged and enlisted in teaching online seemed to rest with extrinsic motivators 
(Beggs, 2002; Bower, 2002; Betts, 2009; Betts & Sikorski, 2008; Birch, Burnett, 2009; Bruner, 
2007; Gannon-Cook, Ley, Crawford, Warner, 2009; Johnston, Alexander, Conrad, & Fieser, 
2000; O’Quinn & Corry, 2002, 2004; Panda & Mishra, 2008, Parker, 2003; Quinn, Trower, 
2008; Wolcott, 2002). Extrinsic rewards consisting largely of monetary rewards, primarily 
salary, course releases, and course stipends; it also included the reverse, demotivators, such 
as insufficient rewards (inadequate or no salary increases, course releases, or stipends); 
these seemed to be the key motivators (or demotivators) to faculty to participate in teaching 
online. As much as one-fourth (25%) of these combined motivators and demotivators in the 
studies suggested these factors weighted greater than their individual factor loadings, thus 
raising the likelihood these motivators could provide successful motivation (Gannon-Cook, 
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Ley, Crawford, Warner, 2009; Johnston, Alexander, Conrad, & Fieser, 2000; Wolcott, 2002). 
Factors that had next motivated faculty had been: technical and administrative support 
(which included not only technical support, but the ability to have their faculty voices 
heard), and job advancement (administration recognition of faculty efforts invested in 
teaching online).  

Interestingly, while tenure and promotion were discussed in a number of the studies, it did 
not rank high in the rankings of motivators to faculty in any of the studies cited in this 
research, perhaps because many faculty did not see it as a factor that should be included in 
consideration of teaching online. It may also be that faculty felt that many universities have 
been moving away from tenure as a part of the university structure, but the reasons for the 
low ranking of tenure consideration in teaching online was not clear from the studies cited 
in this research.  

4. Summary 
While the thirty-eight studies researched herein did not address how non-human factors 
could have effects on faculty motivation to teach online, the need for future research in this 
area was put forth in this study. A look at the big picture and the effects of these non-human 
factors on faculty motivation to teach online could provide important insights into not only 
faculty motivation, but also on student retention. Research, such as the study of actor-
network approaches could yield thick data that could benefit higher education 
administrative bottom line decisions and yield positive long-range plans for universities that 
seek further research in this arena. 

The facts, thus far, shed light on the fiction that faculty will teach online happily just because 
it is their nature to be facilitative as teachers. Lessons learned from the thirty-eight studies in 
this research on faculty motivators to teach online provide strong indicators of which factors 
are the most successful in enlisting and retaining faculty to teach online.  

In the end, the fact remains that online courses will continue to grow and students will 
increasingly be attracted to the convenience of online learning. Universities are competing 
with other universities around the world, so the challenges to enlist and retain online faculty 
that were addressed in this study reflect what universities all over the world either are or 
will be experiencing in the near future. Whether there are a small or large number of faculty 
members participating in online teaching may depend largely on whether faculty members 
feel valued in their online efforts and that their voices are heard. 
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Paying some attention to at least a few of the extrinsic motivators mentioned in this study 
may offer solutions that prove cost-effective to meet the burgeoning needs of online 
learning. The price to universities who take the time to address faculty motivators may be 
well worth the investment. 
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1. Introduction  
Due to its origin, Mechatronics, consisting of symbiosis of Mechanical Engineering and 
Electrical Engineering, presents a complex science. Synergistic effects in mechatronic 
systems and mutual interactions among subsystems of various nature cause considerable 
difficulties at their teaching and learning. There are plenty of mechatronic systems of 
various kind, size and complexity which the specialist has to deal at their design with – 
starting from miniature ones up to large industrial mechatronic systems presented e.g. by 
continuous production lines.  

In every system, regardless its nature, we are interesting in its performance and behavior – 
whether it is linear or non-linear, oscillating or non-oscillating, which are its time constants, 
time response, frequency response, placement of system poles and zeros in the plane, how 
to control the system, which control method to apply, and finally, how to realize control 
algorithm and its debugging. When designing control algorithms for a complex mechatronic 
system, students should know and verify behavior of individual subsystems, i.e. they 
should possess satisfactory knowledge from mechanical, electrical and control engineering. 

Like in other fields, also in mechatronic engineering education, the concepts taught through 
lectures should be completed by practical laboratory experimentation (Cheng & Chiu, 2010). 
Here the students observe phenomena that are rather difficult to explain by written 
material. The students are interested in experiments with real models. During 
experimentation they get practical experience, skills and also a self-confidence that are 
necessary to solve real problems. But experimentation on real industrial systems usually is 
out of question. A lot of effort was made in searching new methods – how to create enough 
space for students’ better acknowledgement with the systems and how to train them for 
practical problems solutions. One way how to fully substitute a physical system consists in 
system dynamics emulation, as shown in (Potkonjak et al., 2010), but this method requires 
an ample equipment. Another way consists in sharing expensive equipment by more 
institutions and creating distance experiments. Well elaborated description of distance 
experimentation in power electronics is shown in (Bauer, 2008, 1) or a more general 
approach to a set of distance experiments in several fields of electrical engineering is 
presented in (Bauer, 2008, 2). Although such distance laboratory satisfies needs for training 
of students, its development is enough time-consuming and labor-intensive. It requires 
special equipment connected to internet, good organization of booking system, maintenance 
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of the server, and usually, after several years with changing the staff, the distance laboratory 
interrupts its activity.  

These are reasons why in the first step very often we confide in the simulation resources 
where the mathematical model in form of differential equations is applied to calculate 
dynamics and by simulation provides the data that would otherwise be measured on a real 
system. This approach is rather sophisticated, knowledge demanding, and also time 
consuming. It requires analytical approach - a good knowledge of the system to be 
analyzed, mathematical background, and skills programming the simulation model, solving 
the equations, and finally – visualization of results.  

A way to save time and burden at maintenance consists in development of virtual models. 
They can create an intermediate stage prior accessing students to experimentation on 
laboratory models, without any special knowledge about their background, mathematical 
and simulation model development. Numerous projects are running there that are focused 
to development of virtual models and laboratories and many examples are available 
nowadays. A general approach to virtual laboratories is described by (Babich & 
Mavrommatis, 2004) and specially, to virtual laboratory in mechatronics by (Cheng & Chiu, 
2010; Pipan et al, 2008). Most effort was done for robotics (Bianchi, 1999; Potkonjak, 2010; 
Faculty of Electrical Engineering in Belgrade, n.d.) but also many others could be 
mentioned. In the electrical and control engineering some successful solutions are known, 
e.g.  (Saadat; Petropol-Serb, 2007, Educational Matlab GUIs). Such virtual models are 
undamageable and their screen can be designed so that they look like apparatus. They can 
also serve for staff training in system control. The virtual models are accessible via internet 
and thus, the student can utilize all the features of e-learning - self study, regardless the 
place and time.  

To be effective in design of virtual models there is need for a simple development process of 
the virtual purpose–oriented model that can run online, directly on the student’s computer, 
and gives enough graphical and numerical information the student requires. The 
requirements in our case are met by developed virtual models that are based on Graphic 
User Interface (GUI) MATALB. This is a powerful data-processing tool allowing simulation 
of dynamic systems in a simple way having user friendly graphic environment.  

The organization of the contribution is as follows: after general description of design 
methodology for virtual models in GUI MATLAB (chapter 2) in the third chapter we 
describe development of several typical models of simple mechatronic subsystems starting 
from kinematic diagram, showing briefly their mathematical and simulation models. 
Emphasis is put on development of the virtual model itself and description of its features. 
Finally in the fourth chapter we share some experiences from training of students by virtual 
models and in conclusion we present ideas for our future work.  

2. Methodology at design of virtual models 
2.1 Procedure at designing GUI MATLAB 

The developed virtual models are based on GUI MATLAB. Their development starts from a 
kinematic scheme of the system and its description by mathematical equations. 
Manipulating them the mathematical and simulation model are derived. Its dynamics is 
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verified by simulation in Simulink. The GUI MATLAB itself is developed in Graphic User 
Development Environment (GUIDE), which practically presents a graphic editor. GUIDE 
contains a set of tools (objects) for user environment design. The development procedure is 
depicted in Fig. 1.   

 
Fig. 1. Procedure of activities in development of virtual model (here based on example of the 
2nd order dynamical system) 

The editor enables the user to interact directly with elements presented on the screen. These 
elements (called objects) replace the keyed entry of commands and menus. Users typically 
select screen objects and actions by using a mouse. The objects navigate the screen and 
execute commands by using menu bars, buttons, sliders, pull-down menus and editing 
windows that enable to input characters (incl. numbers). MATLAB automatically generates 
a relative M-file (GUI.m) containing callbacks interconnected with the objects in the 
adjoining file GUI.fig. The program written into the callbacks is realized immediately after 
the object activation (by pressing a button, shifting a slider, inserting a value into editing 
window, etc.). In the background of GUI a function (Function.m in Fig. 1) collects variable 
parameters from the GUI screen and sends them into the system model that is built-up in 
the Simulink environment (Model.mdl). The obtained time response is displayed on a graph 
placed in a frame on the GUI screen. Similarly, using suitable MATLAB commands it is 
possible to obtain frequency characteristics, system poles placement and many other 
features that can be programmed in MATLAB. 
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2.2 Principles of Imaging and Ergonomics of the Virtual Model GUI Control Screen 

The GUI providing human-computer interaction is one of the most important parts in the 
functional virtual model. To make learning easier, the learner should interact with the 
computer easy, intuitively, without any learning a complex control of the virtual model and 
he should get required information in a transparent, well-arranged form.  

The GUI for a virtual model has two components:  

 Input, where the user inputs system parameters, chooses mode of calculation and 
displays the figures (pictures like kinematic scheme, sketch/photo of device/ 
mechanism etc., block diagram, mathematical model – equations, etc.) and chooses 
number and form of required outputs – alphanumerical values and/or graphs. They are 
usually controlled by buttons/radio buttons, sliders, and alphanumerical editing 
windows.  

 Output, where the information is displayed in usable form: in the graphic one (in our 
case time responses, frequency responses, zero-pole map but also figures as mentioned 
above) or in an alphanumeric form (values of transfer function coefficients, values of 
system poles and system zeros, tables, etc.).  

To develop a suitable GUI screen for the mechatronic system virtual model, whose visual 
appearance could be enough complex, the designer must understand principles of good 
interface and screen design. Generally, the rules are described in (Galitz, 2007). Based on the 
general rules we adapt and extend them for design of virtual model GUI MATLAB screen. 
Some rules can be kept intuitively but for proper design, the designer should know all 
features and possibilities. The most important principles, when designing the placement 
objects on GUI screen, are:  

 Legibility — information should be noticeable and distinguishable. 
 Readability — information is identifiable and interpretable. 
 Coloring display features — in order to attract and call attention to different screen 

elements. 
 Guiding the eye by placement and grouping command objects by visual lines. 

Further the designer should deal with the user considerations, as follows:  

 Visually pleasing (user friendly) composition of the screen. 
 Organizing screen elements.  
 Screen navigation and flow.  
 Choice of implicitly pre-setting the system parameters and their range (so that virtual 

models can be generally used in large ranges of parameter changes). 
 Changing the system parameters by sliders, inputting numerical values into text editing 

windows.  

Finally, the designer has to maintain a top-to-bottom, left-to-right flow through the screen. 
Visually pleasing composition of objects on the screen should keep the following qualities 
(where it is advantageous and meaningful): 

 Balance – the design elements have an equal weight, left to right, top to bottom. Balance 
is most often informal or asymmetrical, with elements of different colors, sizes and 
shapes being positioned to strike the proper relationships. 

 
E-Learning in Mechatronic Systems Supported by Virtual Experimentation 

 

89 

 Symmetry – duplication across horizontal or vertical axes occurs.  
 Regularity - uniformity of elements based on some principle or plan which is achieved 

by establishing standard and consistently spaced columns and rows starting points for 
screen elements, but it is also achieved by using elements similar in size, shape, color, 
and spacing.   
The opposite of regularity, irregularity, exists, when no such plan or principle is 
apparent. A critical element on a screen will stand out better, however, if it is not 
regularized. 

 Sequentiality is a plan of presentation to guide the eye through the screen in a logical 
order, with the most important information significantly placed. It can be achieved by 
alignment, spacing, and grouping.  

 Unity and uniformity - using similar sizes, shapes, or colors for related information.  
 Proportion of the graphs (time responses, frequency characteristics, zero-pole placement 

in the plane) using the following ration of sides: square (1:1), square root of two 
(1:1,414), golden rectangle (1:1,618), square root of three (1:1,732), double square (1:2).  

 Simplicity consists in combination of elements that result in ease of comprehending and 
well-arranged objects (inputs, outputs, control) on the screen.  

 Alignment – in sense of horizontal or columnar alignment of the objects on the screen.  
 Functional groupings of associated elements - grouping screen element aids in 

establishing structure, meaningful relationships, and meaningful form.  
 Proper screen-based controls. From view of ergonomics, the controlling elements should 

be placed in bottom or on the right side of the screen (avoiding to cross the screen by 
the mouse pointer when changing the input parameters or mode of the output).  

 Provide effective internationalization so that people speaking different languages may 
use the developed virtual models.  

3. Virtual models of mechatronic systems  
As already mentioned in the Introduction, the mechatronic systems are of complex nature, 
and consist basically of mechanical, electrical and control subsystems (but also those of 
other nature, e.g. hydraulic and pneumatic systems are not excluded). Perfect 
understanding of mechanical subsystems behavior at various combinations of mechanical 
and technological parameters presents a presumption for further correct design of the 
control strategy. Thus, there exists a variety of subsystems the learner should learn to be 
able to understand their behavior and mutual effects.  

In this subchapter we are going to present a set of virtual models and describe the screens 
that were designed applying the principles shown in the precedent subchapter. Some 
screens of virtual models are more-or less sophisticated but their use and control of modes 
are intuitive. After presenting system and its virtual model, more examples and variations 
of applications are presented there.  

3.1 Multi-mass rotating systems with elastic connection 

In the first phase we have developed virtual models of simple mechanical systems, starting 
from mechanical multi-mass oscillating systems (in our case 2- and 3-mass rotating and 
translation ones), which occurs often in industry, like: 
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 in flexible joints of robots and manipulators,  
 in case of drive systems connected with the load by a long flexible shaft,  
 in multi-motor drive systems with flexible connection through processed strip,  
 at cranes and lifts with elastic rope, etc.  

A system with two rotating masses connected by an elastic coupling element presents a very 
schematic and visual example of an elastic connection (Fig. 2).  

 
Fig. 2. Kinematic diagram of a rotating system with elastic connecting shaft 

The left side consist of a mass disk of the driving motor (moment of inertia Jm and the 
driving torque Mm) and the load side disk on the right side with the load moment of inertia 
Jz is loaded by a load torque Mz. The connecting torsional shaft is characterized by its 
torsional elasticity k and torsional damping b. Similarly, mechanical losses on the driving 
side are characterized by damping bm and on the load side by damping bz).  

The system dynamics is described easily by three differential equations:  

Motion equation on the motor side: .m
m t m m m

dM M J b
dt


     (1) 

Motion equation on the load side: .z
t z z z z

dM M J b
dt


    (2) 

Torsional torque: ( ) .( )t m z m zM k b        (3) 

where the angles are: m m dt   and m m dt    (4) 

The corresponding block diagram is shown in Fig. 3. This creates basis for Simulink scheme 
and core for the virtual model.  

 
Fig. 3. Block diagram of two-mass rotating system with elastic connection 

The GUI screen of the virtual model is shown in Fig. 4. The virtual model response starts 
immediately after any parameter change. The GUI screen (Fig. 4) consists of several parts:  
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Fig. 4. GUI screen of the virtual model of two-mass rotating system with elastic connection 

 
Fig. 5. GUI screen of the virtual model of two-mass rotating system with elastic connection, 
in the new window there is the frequency characteristic  
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torsional elasticity k and torsional damping b. Similarly, mechanical losses on the driving 
side are characterized by damping bm and on the load side by damping bz).  

The system dynamics is described easily by three differential equations:  

Motion equation on the motor side: .m
m t m m m

dM M J b
dt


     (1) 

Motion equation on the load side: .z
t z z z z

dM M J b
dt


    (2) 

Torsional torque: ( ) .( )t m z m zM k b        (3) 

where the angles are: m m dt   and m m dt    (4) 

The corresponding block diagram is shown in Fig. 3. This creates basis for Simulink scheme 
and core for the virtual model.  

 
Fig. 3. Block diagram of two-mass rotating system with elastic connection 

The GUI screen of the virtual model is shown in Fig. 4. The virtual model response starts 
immediately after any parameter change. The GUI screen (Fig. 4) consists of several parts:  
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Fig. 4. GUI screen of the virtual model of two-mass rotating system with elastic connection 

 
Fig. 5. GUI screen of the virtual model of two-mass rotating system with elastic connection, 
in the new window there is the frequency characteristic  
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 System description in the upper third of the screen:   
– panels Kinematic scheme/Block diagram - a switch above the picture.  
– panel Mathematical description (mathematical model).  

 Inputs, i.e. system parameters ergonomically placed in the bottom part 
 Outputs: time responses, frequency characteristics (Fig. 5), transfer functions and 

position of system poles. Value of parameters are set by a slider or inserted into editing 
boxes:   
– Shaft parameters: k – shaft elasticity, b – shaft damping,  
– Motor (mechanical) parameters: Jm – motor moment of inertia,   
   bm – damping corresponding to friction in the motor bearings,  
– Load parameters: Jz – load moment of inertia,   
   bZ damping corresponding to friction in the load bearings.  

 Controls, placed on the right side: Simulation, Frequency characteristics and Poles-
Zeros (a map of system poles and zeros position being drawn in a new window). In the 
panel Configuration parameters there are: t_stop – simulation time and t_load – time, in 
which the load torque is applied.  

Finally, the button  Close  closes the virtual model window.  The described virtual model is 
relatively simple. It enables to observe system dynamical analysis in time and frequency 
domains at varying mechanical parameters and thus the student learns influence of the 
system parameters to time response, frequency characteristics and position of system poles.  

3.2 Variations of mechanical systems with elastic connections  

Based on previous example  variations of virtual models of multi-mass elastic joints were 
developed. As a practical example of such system a model of a car axle suspension is shown 
here (Fig. 6) that consists of a wheel (a simplified model of a car - so called one-quarter car 
model), its passive suspension and driver seat.  

 
Fig. 6. Kinematic diagram of a car suspension simplified model 

As the input variable to the system a disturbance in form of a harmonic signal occurs there 
that presents a cart-track. The output variables are: vertical position and speed of oscillating 
masses – of the seat with driver, chassis and wheel itself.  Fig. 7 shows a block diagram. The 
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simplified model of the car suspension presents a highly oscillating linear system of the 6th 
order. 

 
Fig. 7. Block diagram of a car suspension simplified model  

Finally, Fig. 8 shows the virtual model. Here the students can tune the parameters of the 
springs and dampers (for prescribed masses and character of the road surface) and to 
observe position oscillation of the seat with driver.  

 
Fig. 8. GUI screen of the virtual model of car suspension simplified model  
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3.3 Single mathematical pendulum  

In many institutions, a mathematical pendulum presents one of basic mechanical subsystems 
for verification of properties of advanced control structures. There are several modifications of 
the mechanical system – simple pendulum, double pendulum, single pendulum on the chart, 
single pendulum on the chart with a tension spring, reverse pendulum and many other 
arrangements that make the mechanical subsystems more complex.  

Let’s present briefly its mathematical model, and based on this, the properties of its virtual 
model. The kinematic scheme is shown in Fig. 9.  

 
Fig. 9. Kinematic scheme of a simple mathematical pendulum  

From the geometry of the pendulum there are easily derived basic equations for position of 
the simple pendulum:  

 .sinx l , (5) 

  . 1 cos y l  (6) 

The mathematical model is derived using the 2nd order Lagrange equation. Firstly, the 
equations for the kinetic T and potential V energy of the system are derived:  

  22 2 21 1 1. . . . .
2 2 2

    T m x m l m l  (7) 

  1 cos  V mgy mgl  (8) 

The 2nd order Lagrange equation is in the form 

 
    

            j
j j j j

d T T V D Q
dt q q q q

 (9) 

After a sort calculation and manipulation of equations we get the final differential equation 
describing pendulum oscillations, incl. its damping: 

 2
. . . .

.
  


 F b m g l
m l

 (10) 

From this equation it is easy to get the value of the angle  . After completing it by the 
equations (4), (5) describing the system kinematics we can get the block diagram (Fig. 10).  
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Fig. 10. Block diagram of the simple mathematical pendulum 

It creates a base for the virtual model. From control point of view, it is a nonlinear 2nd order 
system. The corresponding Simulink scheme is shown in Fig. 11. 

 
Fig. 11. Simulink block diagram of a simple mathematical pendulum  

Based on the Simulink file, the GUI is designed. Its screen is shown in Fig. 12.  

Here, the screen consists of 5 parts. Let’s describe their functionality in detail: 

 Mechanical model of system. In this section there occur pictures describing mechanical 
system model. In the left part there is a block diagram (compare with that in Fig. 6). In 
the right part the button Equation/Kinematic scheme it is possible to switch between the 
equations describing the mechanical system and kinematic scheme of the system (Fig. 
9). The button  Mdl File  serves to show Simulink program scheme (Fig. 11) - by 
opening the proper mdl file. 

 Output characteristics. Here are two sub-screens to display output characteristics. Graph A: 
Time responses serves to show time responses, in this case the variables x, y and φ. Graph B: 
Functions serves to show functions - y = f (x) a    f . To draw a course in some of the 
graphs, one has to start simulation by pushing a button in the section Simulation. 

 Simulation. The section serves to control the simulation. The buttons trigger the graphs. 
It consists of two subsections, namely Graph A and Graph B.  

 The subsection Graph A contains the buttons  x ,  phi ,  y  and  x y , that triggers the 
time courses in the graph Graph A: Time responses in the section Characteristics.Each 
button triggers the time course of the depicted variable, i.e. the button buttons  x  
triggers the time course of the variable x, etc. Similarly there works the buttons  y = f (x)  
and  φ=f φ  in the subsection Graph B, but with the distinction, there are not displayed 
any time responses but the functions depicted on the button that are draw in the Graph 
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B: Functions. It should be noted that prior simulation the actual input parameters are 
read and after this the simulation starts. 

 Control Panel. In this section there are only two buttons to control the whole screen. The 
first one button  Default  serves to reading pre-set values of the mechanical system 
parameters and their immediate writing into the section Input parameters (pre-setting 
the position of sliders and numerical values in the editing screens). The button  Close  
finishes the work and closes the GUI screen. 

 Input parameters. The section serves to system parameters entry. Each variable has a 
starting value and a limited range (the limits are set separately), that can be re-activated 
by pushing the button  Default . The value can be changed either by a slider or inserting 
numeric value into the editing. 

 
Fig. 12. GUI screen for a simple mathematical pendulum 

3.3.1 variations of pendulum model 

To get a more complicated system (in order to verify a more complex control algorithms) 
there were developed some modifications of the basic pendulum model.  

Pendulum on the Cart 

The pendulum is coupled to a moving cart. This is a principle of a crane trolley and the 
subsystems serves do develop a control algorithm preventing oscillation of the arm with a 
load at moving the trolley. The kinematic scheme is shown in Fig. 13.  

In comparison with the previous subsystem the simple mathematical pendulum on a cart 
presents the 4th order non-linear system. In comparison with the previous model the virtual 
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model contains more parameters to be set. Its functionality is similar to that of a simple 
pendulum; the model only contains more parameter to be set. 

 
Fig. 13. Kinematic scheme of a simple mathematical pendulum on a cart 

Double Mathematical Pendulum 

This mechanical subsystem consists of two pendulums where the second one is connected to 
end of the first one. The kinematic scheme is shown in Fig. 14.  

 
Fig. 14. Kinematic scheme of a double mathematical pendulum  

 
Fig. 15. Virtual model of a double pendulum  
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Double Mathematical Pendulum 
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Fig. 14. Kinematic scheme of a double mathematical pendulum  

 
Fig. 15. Virtual model of a double pendulum  
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It is the 4th order non-linear system but more complex that the previous one. The complexity 
of the system follows up also from the virtual model screen (Fig. 15).  

3.4 Control of a direct current drive in frequency domain 

Let’s start to develop a virtual model in GUI MATLAB for a speed controlled direct current 
(DC) motor supplied by DC converter and two control loops: current and speed ones. The 
design is performed in the frequency domain. Although this is a simple and generally 
known example, we shall show some features of virtual model construction and enhance 
model features.  The principal scheme of connection the motor (in linear region without a 
limiter serving for calculation of controllers only) is shown in Fig. 16 and principal 
connection of the speed controlled DC drive is in Fig. 17.  

 
Fig. 16. Block diagram of a DC motor  

 
Fig. 17. Principal diagram of connection of speed controlled DC drive 

Fig. 18 shows appropriate block diagram of the DC drive and its corresponding Simulink 
scheme is depicted in Fig. 19. 

 
Fig. 18. Block diagram of speed controlled DC drive  

The current controller of the PI type is calculated on basis of the Optimum Modulus 
Criterion from the drive system parameters. General form of its transfer function is:  
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 FRI = KRI +
1

iIsT
 (11) 

 
Fig. 19. Interconnection of blocks in the Simulink program 

After calculation of current controller parameters and simplification of the current control 
loop, the speed controller is calculated based on the Symmetrical Optimum Criterion, again 
of PI type, having the transfer function:  

 FR = KR + 1

isT
 (12) 

Fig. 20. shows the basic view on the virtual GUI model of speed controlled DC drive.  

 
Fig. 20. GUI screen for the virtual model of the speed controlled DC drive 
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Virtual model features: 

 Time response (the graph on the left side) – here the graph with time courses of the motor 
current and speed are shown. Immediately after any change of a system parameter 
(motor -, drive -, or controller parameters) by a slider or inserting a numeric value into 
editing box the simulation starts and new time responses are drawn, like in a real drive.  

 Block diagram (the picture on the right side) displays the system block diagram. In other 
virtual models here can be switched between kinematic diagram, mathematical model, etc.).  

 Change of the system parameters by sliders or numerical value in the bottom part of the 
screen. The details of these panels are shown in Fig. 21. 

Before starting the model, implicit parameters are set up and they can be changed later. 
After pushing the button  Computed value  the parameters of controllers are calculated 
from the set values of parameters. There simultaneously appears a small window with the 
question if the calculated values of controller parameters are acceptable or not. If not, the 
learner can set up the own parameters and can try to tune them according to the time 
responses of the drive. To be returned to starting values, the learner pushes the button  Default  
(similar to the system restart). The advantage of the virtual model consists in the fact that the 
learner does not need to know the mathematical model running in background and he can 
concentrate himself to analysis of properties of the drive – to observe influence of a parameter 
on the system behavior. As shown, the learner can set up his own parameters of the controller 
(to tune the controllers) or used the pre-calculated parameters based on the pre-set criteria.  

 

 

   
Fig. 21. Panels with sliders to change system parameters, configuration parameters 
(parameters of simulation and motor load), and mode of the output 

3.5 State control of DC motor (in time domain) 

This task is dual to the previous one when the system has state-space controllers. Again it is a 
more complex GUI involving synthesis of the state-space controllers giving the possibility to 
change parameters of the calculated controllers and thus to tune the controllers based o time 
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responses. The computing algorithm is different from the previous one and belongs to more 
complex one. The computation starts from the state-space model of the DC motor having the 
block diagram in Fig. 16 that is in the form of the state equation (13) and the output equation (14).  
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where A is system matrix, x – state vector, b – input vector, cT – output vector e- disturbance 
vector, u – input variable, y - output vector. The motor parameters correspond to the Fig. 16. 
The control structure with the feedback through the state controller - vector rT is shown in 
Fig. 22 (the integrator at the input serves to reject constant or slowly changing disturbances 
what is a common case).  

 
Fig. 22. Control structure with the state-space controller 

The control structure is described in the state-space by the known state equation:  
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 (15) 

The core of the virtual model consists in numerical calculation of the parameters Ki , r1, r2 by 
the pole placement method: for a prescribed position of poles (usually a triple negative root 
giving the fastest system response on the aperiodicity boundary) the required polynomial is 
compared with the system polynomial and missing parameters of the controller are 
calculated from a set of linear algebraic equations.  

The control structure in Simulink to simulate time responses is shown in (Fig. 23).  

 
Fig. 23. Simulink model of the state-space control of DC drive 
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Fig. 24 shows the virtual model that enables to calculate state-space controller parameters 
and visualize time responses of the current and speed.  

 
Fig. 24. Virtual model of state-space controlled DC drive  

The panel Controller parameters (Fig. 25a) serves to setting parameters of the state controller – 
by tuning or selecting the button  Optimal parameters  to calculate poles position 
placement. Here:  

r1 – feedback from state variable x1 (motor speed),  
r2 – feedback from state variable x2 (motor current),  
Ki – gain of the integrator (to reject steady-state disturbances). 

The state controller parameters are calculated automatically (Fig. 25b) on basis of required 
values of control time and damping (panel Poles, the item Required course). In the upper part 
of the panel Poles real positions of poles are shown. 

   
                                           a)                                                   b) 

Fig. 25. Panels: a) to set up controller parameters,  b) to see position of real and required poles  
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4. Experiences with virtual models 
Except of presented virtual models a series of further ones was developed to suit institutional 
needs in mechatronic systems teaching. The virtual modules are collected in the Virtual 
Laboratory of Mechatronic Systems that is available on the website (KEM TU Kosice, 2010).  

A set of tens virtual models from all fields of mechatronics are used by the departmental staff 
as e-learning support in teaching of various subjects (just list several of them: Mechatronic 
Systems Modeling, Control Theory, Electrical Actuators and Drives, Servodrives, Motion 
Control, Control of Robots, Mechatronics of Production Systems, and others).  

In order the students would get more skills and practical experiences we have divided the 
student laboratory work into three phases:  

1. Design and simulation – for a given plant the student has:   
– to derive the mathematical model,   
– to compose the block diagram,   
– to design control,  
– to verify system behavior by simulation.  

2. Verification and analysis – for a designed control algorithm the student has: 
– to verify the design using a virtual reference model and   
– to perform system analysis (small experiments round a working point) in 
   order to get the system responses (in time and frequency domains) and to  
   investigate system behavior at various values of system parameters and 
   in various working points.  

3. Final verification of the design on the laboratory model (by programming the embedded 
control system).  

The first two phases are performed outside of the laboratory. The student has to his/her 
disposal guidelines and reference virtual models that are available through internet for 24/7 
hours. Within the institution network they run online (due to limited SW licenses) and 
outside of the institution the student has to download them and run on own computer 
(having installed MATLAB).  

The reference virtual models also facilitate the teacher review of the student projects – the 
teacher does not need to check in details the simulating diagrams and search for eventual 
errors. On other side, the student has a model (i.e. a template) to verify whether he derived 
and designed a proper solution (e.g. proper parameters of controllers).  

Let’s note that the third phase of his projects is usually done in the laboratory on the 
laboratory model under teacher’s supervision - for complex systems we prefer the presence 
of the students in the lab and consultations with the teacher.  

The virtual models are also used in lectures to describe and explain principles of complex 
system behavior at various values of parameters.  

5. Conclusion 
The chapter describes principles of virtual models development of electromechanical 
systems that support eLearning in field of mechatronics. The developed virtual models 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 

 

102 

Fig. 24 shows the virtual model that enables to calculate state-space controller parameters 
and visualize time responses of the current and speed.  
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                                           a)                                                   b) 

Fig. 25. Panels: a) to set up controller parameters,  b) to see position of real and required poles  
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enable to perform analysis of the real system in various working points and to observe 
influence of the parameters changes to system behavior. The shown virtual models are of 
various complexity – the simpler ones enable virtual analysis of system and complex virtual 
models deals also with synthesis of system controllers. Using them, the students can 
compare and verify their own design performed on basis of design rules application.  

Development procedure and features of the virtual models are presented on several typical 
examples. Here, MATLAB/Simulink software was chosen as one of the best and 
widespread programming tools for development of virtual models that enables relatively 
simply programming of even complex systems. Based on the procedure a whole series of 
virtual models (more than 30) designed in GUI MATLAB was developed at the author’s 
institution in recent years. They are accessible trough internet – through the website of the 
Virtual Laboratory for Control of Mechatronic Systems (KEM TU Kosice, 2010). 

A big advantage of developed virtual models consists in the fact the students do not need to 
know the complexity of dynamical system which simulation scheme is working in the 
background of; they change only system parameters on the screen – e.g. mechanical 
parameters in case of mechanical subsystems (moments of inertia, constants of the elasticity 
and damping of the flexible joints), parameters of electrical systems (resistance, capacitance, 
inductance, gains, …), etc., select form and input signals (shape  and amplitude of forcing and 
load signals) and select mode of calculation and outputs (graphs displaying). The parameters 
of virtual models can be changed by a slider or inputting numerical values into editable boxes.  

A shortcoming of developed models consists in the fact they run on computers having 
installed the MATLAB program. To overcome this difficulty our future work will be 
concentrated to application of the browser plugins, which are necessary to run MATLAB 
application on computers not having installed the MATLAB program, e.g. by using VCLab 
plugin (Ruhr-Universität Bochum, 2011). It must be noted that this application enables to 
run MATLAB operation without simulation (i.e. without a Simulink scheme), without 3D 
virtual reality views and without animation, so the advantage on one side will complicate 
development of the virtual modules by application more mathematical subroutines. But this 
restriction does not make any serious problem and can be easily solved by application 
several subroutines. 

The developed virtual models are in intensive use and they complete basic e-learning 
support in various subjects from field of mechatronics. They also serve at lecturing basic 
subjects from fields of modeling mechanical subsystems, electrical drive systems, system 
control, and various electrical systems up to mechatronic ones.   
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1. Introduction 
The use of mathematical formulae in engineering studies is as important as the subject 
content itself, especially in online distance education. In engineering studies, which have a 
strong technical component, both students and teachers must use formulae to express and 
solve their doubts, prove their knowledge or even quote any given piece of support 
material. In addition, in online distance education, communicating mathematics is not as 
easy as writing on a piece of paper or on a blackboard. As well as mastering the language of 
mathematics to express them properly, which is a problem that also exists in on-site 
environments, there is the problem of writing mathematics mainly through text e-mails, 
which is the main way to communicate within an on-line environment. The data gathered 
for this research at the Universitat Oberta de Catalunya (UOC) involves 4 terms, 15 
engineering-related subjects and more than 17,000 e-mails. Among this large volume of e-
mails, the use of mathematical notation is present in over 4,000 of them, representing an 
average of 23% of the total. As this preliminary result is quite significant, the aim of this 
chapter is to analyse the use of all the different strategies for communicating ideas with a 
mathematical content through the Internet and studying the impact for each one of them in 
order to find usage patterns. 

Regarding virtual learning environments, as it is not possible to find previous studies about 
the use of mathematical notation within them, this work presents research of the different 
methods used by teachers and students to communicate mathematics through the Internet, 
and the use patterns regarding different subjects and knowledge areas. In order to do so, the 
core of this chapter consists of exploratory research as to which are the mentioned use 
patterns and tries to find relationships between them.  

This chapter is structured as follows: as a first step, Section 2 explains in detail the problem 
addressed by this research. In Section 3, different methods for expressing mathematical 
notation in the particular case of a virtual learning environment like UOC are described. 
Next, Section 4 will introduce the scenario in which this research has been conducted. After 
that, Section 5 will focus on the study of how every one of these notation methods is used. 
Some statistical measurements are presented in order to try to find behaviour patterns 
through the different subjects and/or knowledge areas. The chapter ends with the 
conclusions and future lines of work. 
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2. Engineering studies in a virtual learning environment 
Virtual learning environments are, in general, still challenging nowadays, as they have to 
deal with the barriers of time and distance. This is true not only for communication from 
teacher to students, but also among student workgroups or for students to communicate 
their queries to the teacher. The challenges become greater in engineering studies, where 
there are additional obstacles to overcome; for example the use of laboratories (having to 
become virtual laboratories) or granting access to high-profile computational tools. Focusing 
on the issue of knowledge transfer, one of the main problems regarding engineering studies 
is communication among university members, as a great part of this communication implies 
the use of a large amount of mathematical notation. 

In the case of a virtual learning environment, the issue of learning and communicating 
mathematics can be compared to a disability such as visual impairment. Visually impaired 
students can listen to the reading of a given formula by the teacher, while they cannot easily 
learn how it is expressed visually, even in an on-site learning environment (Fitzpatrick, 
2007). In reverse, a virtual learning environment allows students to see visual expression of 
formulae, but traditionally does not provide them with a verbal representation, which is 
also a handicap for visually impaired students. In addition, in some cases there is no 
auxiliary tool to help express mathematical notation, for example a formulae editor. When 
there is no such tool available, the methods for expressing mathematics are still computer 
aided, but they are as rudimentary as plain text or file attachments. 

The issues of the use of mathematical notation regarding information systems has 
previously been stated and researched. For instance, there are differences in handling math 
expressions in one way or another for the indexing and retrieval of mathematics educational 
material in a search engine (Zhao, 2008). For that purpose, the author proposes the use of 
links between math expressions and text keywords. In this way, a semantic expression like 
“area of the function cosinus” can be linked to mathematics content about the resolution of 
integral functions for the particular cosinus function. From a different point of view, other 
authors propose a five step process for the recognition and semantic understanding of 
mathematical formulae, basically consisting of (Chen & Okada, 2001): 

 Pre-processing: In this first step, the mathematical expression is scanned to obtain an 
image. This image is processed in order to remove any noise and then split into 
mathematical symbols, digits and letters. 

 Character recognition: The individual symbols, digits and letters are processed through 
a character recognition system and then classified into dyadic operators, monadic 
operators or atom characters. 

 Rule base: Any ambiguity in the mathematical expression is eliminated by using a rules 
system. This system consists of mathematical rules, a sense-based dictionary for 
handling layout-dependent ambiguity and an experience-based dictionary for handling 
layout-independent uncertainty. 

 Expression understanding: According to the layout of the mathematical expression, a 
layout tree is generated and parsed. This layout treecontains type and position of 
symbols, their sizes and centrelines and their parent-child relationships according to the 
expression layout. The result of this step is a semantic tree based on the mathematical 
rules used in step 3. This new semantic tree contains the types of symbols, their parent-
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child relationships according to the expression semantics, the mathematical meaning of 
the combination and information about the expression constants and variables. 

 Translating: In the last step, a recognized expression is produced and translated into a 
script or a source code suitable for being used in third-party software like TeX or 
Mathematica. 

As we stated in Section 1, currently there is not much research into the particular context of 
a virtual learning environment, regarding the use of the mathematics language. The main 
communication method in this kind of environment is the use of e-mail, so students have to 
adapt their communications, including the mathematical notation within them, to this 
particular communication tool. Next, Section 3 shows how this is carried out by students 
and teachers and also explains the different available methods. 

3. Writing mathematical notation within e-mails 
The teaching and learning activity in a virtual campus, like in the case of UOC, is developed 
mainly within the virtual classroom. The virtual classroom is a space where teachers and 
students can communicate in a few different ways: 

 Classroom forums 
 Discussion boards 
 Delivery board 
 Private e-mail 

Most of the interaction among the classroom members happens in the classroom forum or 
discussion board, where any of the members can send text messages and attach documents, 
while all the rest of members can read any of the messages and reply to them. Besides this 
communication space, students and teachers can also communicate by using their private e-
mail address or the delivery board, where students send their due work, like continuous 
assessment tests. In the case of the private e-mail or the delivery board those messages are 
private to the sender and the recipient. However, the message format within all of these 
communication spaces is the same one: an e-mail written with the virtual campus e-mail 
editor. 

As previously stated, there are several tools to improve mathematics communication in 
virtual learning environments, mostly formulae editors. Some of these formulae editors 
work as a standalone program, like the Wiris Editor (Wiris, 2011) or Microsoft Equation 
Editor (Microsoft, 2011), which can also be embedded into other software like Moodle. Some 
others are available directly on a website, like the LaTeX Equation Editor (The Number 
Empire, 2011) or sMArTh (sMArTH, 2011). Most of them use very common mathematical 
notation languages, like LaTeX (LaTeX, 2011) or the commonly known as MathML, 
Mathematical Markup Language (World Wide Web Consortium, 2011), which make them 
very feasible as plug-ins for other environments.  

At UOC, such a mathematical notation tool has been available only during the last few 
terms, and it is still considered to be in its early stages. In fact, several tools are being tested 
and it is still to be decided which one is the best option. Before this tool was available, 
students and teachers needed to use other communication methods. These methods can 
range from the virtual campus e-mail editor itself  -either in its plain text or Rich Text 
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child relationships according to the expression semantics, the mathematical meaning of 
the combination and information about the expression constants and variables. 

 Translating: In the last step, a recognized expression is produced and translated into a 
script or a source code suitable for being used in third-party software like TeX or 
Mathematica. 

As we stated in Section 1, currently there is not much research into the particular context of 
a virtual learning environment, regarding the use of the mathematics language. The main 
communication method in this kind of environment is the use of e-mail, so students have to 
adapt their communications, including the mathematical notation within them, to this 
particular communication tool. Next, Section 3 shows how this is carried out by students 
and teachers and also explains the different available methods. 

3. Writing mathematical notation within e-mails 
The teaching and learning activity in a virtual campus, like in the case of UOC, is developed 
mainly within the virtual classroom. The virtual classroom is a space where teachers and 
students can communicate in a few different ways: 

 Classroom forums 
 Discussion boards 
 Delivery board 
 Private e-mail 

Most of the interaction among the classroom members happens in the classroom forum or 
discussion board, where any of the members can send text messages and attach documents, 
while all the rest of members can read any of the messages and reply to them. Besides this 
communication space, students and teachers can also communicate by using their private e-
mail address or the delivery board, where students send their due work, like continuous 
assessment tests. In the case of the private e-mail or the delivery board those messages are 
private to the sender and the recipient. However, the message format within all of these 
communication spaces is the same one: an e-mail written with the virtual campus e-mail 
editor. 

As previously stated, there are several tools to improve mathematics communication in 
virtual learning environments, mostly formulae editors. Some of these formulae editors 
work as a standalone program, like the Wiris Editor (Wiris, 2011) or Microsoft Equation 
Editor (Microsoft, 2011), which can also be embedded into other software like Moodle. Some 
others are available directly on a website, like the LaTeX Equation Editor (The Number 
Empire, 2011) or sMArTh (sMArTH, 2011). Most of them use very common mathematical 
notation languages, like LaTeX (LaTeX, 2011) or the commonly known as MathML, 
Mathematical Markup Language (World Wide Web Consortium, 2011), which make them 
very feasible as plug-ins for other environments.  

At UOC, such a mathematical notation tool has been available only during the last few 
terms, and it is still considered to be in its early stages. In fact, several tools are being tested 
and it is still to be decided which one is the best option. Before this tool was available, 
students and teachers needed to use other communication methods. These methods can 
range from the virtual campus e-mail editor itself  -either in its plain text or Rich Text 
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Format versions- to more evolved tools for attaching documents like Microsoft Word or 
OpenOffice.org Writer –where these tools can be considered as the transfer method of the 
formulae itself, instead of the e-mail body. 

Two main methods for expressing mathematics in web-based environments have been 
covered: through pictures and through coding with MathML (Yue-sheng & Jia-yi, 2008). 
These methods are focused on the way a formula is usually represented in a web page, from 
a technological point of view. Since this research though is focused on how students write 
formulae, it has to respond to a different classification, based on the technique used to write 
them. For instance, a symbol can be written with any rich text editor (for example the ∑ 
symbol), or even with a plain text editor depending on the symbol (for example the + 
symbol). However, the construction of a given formula is frequently not possible using only 
text and needs other tools to help with its visual representation, for instance as shown in 
Figure 1: 
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Fig. 1. Sample formula 

It is also possible to cite a formula by using any simple text editor, while in the case of a 
formula attached to an e-mail body an external tool is needed to generate the attachment 
itself. Therefore, a wider classification has been used, obtained from the observation of the 
behaviour of students and teachers: full mathematical formulae, mathematical symbols, 
formulae referencing and attachment. In order to better understand the results, all these 
different ways of communicating are explained and delimited through the next sections.  

3.1 Full mathematical formulae 

The first and most common method for expressing mathematical notation is through full 
mathematical formulae, understanding it as an equality (i.e. a=b+3), an inequality (i.e. 
a+2>5), or a mathematical expression consisting of a combination of more than one 
mathematical symbol (i.e. sin(ln(1)). Full mathematical formulae can also be expressed in 
any specific syntax delivered by programming languages or software commonly used in 
engineering environments. These variations are also considered in this group, for example 
specific mark-up codes like “\sqrt”, which are meaningful for  the LaTeX2 editor, 

converting the expression \sqrt{1-e^2} into 21 e . 

3.2 Mathematical symbols 

The mathematical symbol method consists of writing just one mathematical symbol at a 
time, whether it is in plain text (i.e. lambda) or by using the symbol itself (i.e. λ), and 
exclusively when the symbol is not part of a whole mathematical formula. Numeric 
expressions have been considered into this group only if they are preceded (or followed) by 
a mathematical symbol (i.e. >10 or 10!). Hyper-index, sub-index, or commonly used 
abbreviations of mathematical expressions like SQR, TAN, etc. also fall into this group. 
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3.3 Formulae referencing 

Formulae referencing is used whenever a certain formula or expression is cited within the 
text, whether it is in its most common way (i.e. the formula on the first paragraph of page 
24) or by using a previously established citation system (i.e. formula 17). 

3.4 Attachment 

The last method consists of attaching a file containing the formulae referenced in the e-mail 
body (i.e. the attached formula is wrong), or even writing the whole body of the message in 
an attached file. The attachment might be an image, some kind of text document (RTF, 
Microsoft Word, OpenOffice.org Writer, etc.), or even a scan of handwritten formulae. 

According to Zhao classification of mathematical educational resources and some math 
information indexing and retrieval systems analysed through his research (Zhao, 2008), 
mathematical expressions can be considered as syntactically math-aware whenever the 
retrieval system reads the syntactical structure of the math expression to be searched for. On 
the other hand, if the system is capable of also capturing the semantics of the expression, 
then it is considered as semantically math-aware. Other systems, incapable of recovering 
neither the math-related syntactic or semantic meaning, are considered as math-unaware. 
Following this classification, full mathematical formulae and mathematical symbols could 
be considered as syntactically math-aware, and formulae referencing as semantically math-
aware. However, as we have seen, there are not many different ways of expressing 
mathematical notation, although as explained in this section they are quite different from 
one another. Therefore, the next sections address the scenario for this research and the 
analysis of how each method is used by students and teachers, what patterns can be found 
among different subjects and knowledge areas and what the possible reasons are for a 
particular behaviour. 

4. Scenario under study 
As described in section 3, there are several ways of including mathematical expressions in a 
digital text subject to be sent by email. As most of the communication between teachers and 
students takes place in the classroom forum, for this research we have only considered the e-
mails sent to that communication space. Therefore, in this section an exhaustive analysis of 
over 17,000 e-mail messages is made in order to classify them according to the type of 
mathematical expression method used. These e-mail messages have been gathered from 15 
different subjects, all of them related to engineering degrees. 

The interaction among students at the UOC is mainly developed through the virtual 
campus. Therefore, it is very common to find e-mails not directly related to the subject, for 
example introductory messages, technical problems or Christmas greetings. In order to 
avoid any kind of noise in the results, all these e-mails have been carefully discarded. This 
cleansing leaves still more than 15,000 e-mails. In a first search through this data, it has been 
detected that the use of mathematical notation is present in over 4,000 of the 15,000 e-mails, 
representing an average of 27% containing some kind of mathematical expression. These 
4,000 e-mails are the ones we are going to take into consideration for the rest of this work. 
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The interaction among students at the UOC is mainly developed through the virtual 
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Having prepared the e-mails which are going to be processed, this work focuses first on 
statistically analysing the types and frequency of mathematical notation used in them. With 
this information, a careful search through the data will make it possible to detect any 
particular usage pattern or specific student behaviour depending on variables such as the 
subject, the knowledge area, the type of studying material and other subject-related 
variables. Therefore, the next section deals with processing and analysing all this data in 
order to explain different behaviours in different classrooms. 

5. Analysis of the results 
Having agreed the motivation for this study, the characteristics of the research subject and 
the scenario in which it is developed, this section addresses the core of the research. We will 
first present a basic study of the way students and teachers communicate using 
mathematical expressions, consisting of the use frequency for every different expression 
type. Afterwards, the analysis will focus on determining some similarities and differences in 
the usage pattern for different subjects and/or knowledge areas. Finally, and in order to be 
able to better explain the reasons for those patterns, some of the most significant descriptive 
statistics will be developed. 

5.1 A basic classification 

The first question arising out of this study is to what degree mathematical expressions are 
used, regarding the different types of notation. We must bear in mind that students are not 
required to use any specific notation method, so they are free to use whichever method they 
think is most convenient for their communication needs. As previously noted, and unless it is 
stated differently, this research and its calculations will consider only the 4,000 e-mails 
containing some kind of mathematical notation. Therefore, Table 1 gathers the use percentage 
for every mathematical notation type, showing that around 66% of the e-mails include full 
mathematical formulae. The rest of the e-mails include, in order of use frequency, single 
mathematical symbols (24%), formulae citation (11%) and attachments with some 
mathematical notation (10%). It should be noted that e-mails may fall under more than one 
category if they use more than one of the different methods. Full results are shown in Table 1. 
 

Total
# e-mails # e-mails Total % # e-mails Total % # e-mails Total % # e-mails Total %

4055 2679 66 967 24 461 11 390 10

Formulae Symbol Citation Attachment

 
Table 1. Classification of e-mails according to the mathematical notation type used 

Furthermore, we want to analyse if this same frequencies apply to individual subjects. The 
aim is to find out if those frequencies exist regardless of the knowledge area of a particular 
subject, its content or its methodology. As a first step we will analyse the data in Table 1 but 
this time grouped by subject. Table 2 shows these results. 

As we can see in Table 2, not all the individual subjects have the same average percentages 
regarding the use of one or other type of mathematics expression. The overall pattern is the 
same, but there are subjects where full mathematical formulae is used less in favour of 
citation, or the use of many more mathematical symbols. This fact can be due to differences 
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between the methodology and the study materials of every subject, or also due to different 
student profiles. In both cases, the results now require us to take into consideration each 
individual subject. Therefore, as a further step, it is necessary to find out what the patterns 
are for every subject, which are in turn classified under different knowledge areas. The next 
section takes care of this matter. 
 

Total
# # % # % # % # %

Algebra 332 235 71 77 23 29 9 24 7
Automata Theory and Formal 
Languages I 128 57 45 63 49 2 2 9 7
Computers Structure and 
Technology 287 175 61 101 35 6 2 11 4
Cryptography 224 155 69 49 22 36 16 10 4
Discrete Mathematics 244 158 65 71 29 29 12 12 5

Engineering Physics Fundamentals 228 107 47 52 23 127 56 10 4
Introduction on Mathematics for 
Engineering 194 147 76 22 11 10 5 23 12
Linear Systems 316 224 71 60 19 14 4 30 9
Mathematical Analysis 425 307 72 120 28 66 16 55 13
Mathematics I 352 250 71 48 14 12 3 54 15
Probability and Statistics 218 170 78 21 10 13 6 24 11
Statistics 331 228 69 83 25 45 14 21 6
Technological Fundamentals I 216 136 63 73 34 4 2 9 4
Technological Fundamentals II 328 203 62 78 24 64 20 31 9
Wiris Laboratory (Algebra) 232 127 55 49 21 4 2 67 29

Formulae Symbol Citation AttachmentSubject

 
Table 2. Classification of e-mails according to the subject and the mathematical notation type 
used 

5.2 Different subjects, different behaviour 

After these first results, and as we have observed thanks to the statistics in Table 2, the next 
questions deal with the behaviour of students and teachers according to a particular subject. 
The main goal is to find out if the same average behaviour can be applied to all of the 
studied subjects or, if not, what are the possible reasons why there is a different behaviour, 
by finding subject-related variables affecting that overall pattern.  

In order to calculate the next measurements, firstly we will consider the total number of e-
mails for every subject, including the ones with no mathematical notation but directly 
related to that particular subject. We can see there is quite a significant difference between 
subjects regarding the type of mathematical notation used: depending on the subject, we 
find 17% of the total e-mails contain mathematical notation, while it can rise to 45% for other 
subjects. 

If we consider only e-mails containing mathematical expressions for every subject, as we 
previously did in Table 2, we observe differences in the use of one or other type of 
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Furthermore, we want to analyse if this same frequencies apply to individual subjects. The 
aim is to find out if those frequencies exist regardless of the knowledge area of a particular 
subject, its content or its methodology. As a first step we will analyse the data in Table 1 but 
this time grouped by subject. Table 2 shows these results. 

As we can see in Table 2, not all the individual subjects have the same average percentages 
regarding the use of one or other type of mathematics expression. The overall pattern is the 
same, but there are subjects where full mathematical formulae is used less in favour of 
citation, or the use of many more mathematical symbols. This fact can be due to differences 
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between the methodology and the study materials of every subject, or also due to different 
student profiles. In both cases, the results now require us to take into consideration each 
individual subject. Therefore, as a further step, it is necessary to find out what the patterns 
are for every subject, which are in turn classified under different knowledge areas. The next 
section takes care of this matter. 
 

Total
# # % # % # % # %

Algebra 332 235 71 77 23 29 9 24 7
Automata Theory and Formal 
Languages I 128 57 45 63 49 2 2 9 7
Computers Structure and 
Technology 287 175 61 101 35 6 2 11 4
Cryptography 224 155 69 49 22 36 16 10 4
Discrete Mathematics 244 158 65 71 29 29 12 12 5

Engineering Physics Fundamentals 228 107 47 52 23 127 56 10 4
Introduction on Mathematics for 
Engineering 194 147 76 22 11 10 5 23 12
Linear Systems 316 224 71 60 19 14 4 30 9
Mathematical Analysis 425 307 72 120 28 66 16 55 13
Mathematics I 352 250 71 48 14 12 3 54 15
Probability and Statistics 218 170 78 21 10 13 6 24 11
Statistics 331 228 69 83 25 45 14 21 6
Technological Fundamentals I 216 136 63 73 34 4 2 9 4
Technological Fundamentals II 328 203 62 78 24 64 20 31 9
Wiris Laboratory (Algebra) 232 127 55 49 21 4 2 67 29

Formulae Symbol Citation AttachmentSubject

 
Table 2. Classification of e-mails according to the subject and the mathematical notation type 
used 

5.2 Different subjects, different behaviour 

After these first results, and as we have observed thanks to the statistics in Table 2, the next 
questions deal with the behaviour of students and teachers according to a particular subject. 
The main goal is to find out if the same average behaviour can be applied to all of the 
studied subjects or, if not, what are the possible reasons why there is a different behaviour, 
by finding subject-related variables affecting that overall pattern.  

In order to calculate the next measurements, firstly we will consider the total number of e-
mails for every subject, including the ones with no mathematical notation but directly 
related to that particular subject. We can see there is quite a significant difference between 
subjects regarding the type of mathematical notation used: depending on the subject, we 
find 17% of the total e-mails contain mathematical notation, while it can rise to 45% for other 
subjects. 

If we consider only e-mails containing mathematical expressions for every subject, as we 
previously did in Table 2, we observe differences in the use of one or other type of 
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expression. Table 3 shows the full results of this data, but as a main result it is possible to 
observe that the percentages are quite different from one subject to another: 

 Regarding full mathematical formulae, the results range from 45% in Automata Theory 
and Formal Languages to 78% in Probability and Statistics. 

 In the case of single mathematical symbols, the percentage varies from 10% in 
Probability and Statistics to 49% in Automata Theory and Formal Languages. 

 Regarding formulae citations, the percentage ranges from 2% in Automata Theory and 
Formal Languages, Wiris Laboratory (Algebra) or Computers Structure and Technology 
to 56% in Engineering Physics Fundamentals. 

 For attachments containing mathematical notation, the percentages range from 4% in 
Cryptography, Engineering Physics Fundamentals, Computers Structure and 
Technology or Technological Fundamentals I to 29% in Wiris Laboratory (Algebra). 

As it can be seen, there are significant differences regarding both the percentage of e-mails 
containing mathematical notation and the use of one or another expression method. 
Considering these results, the next question that arises is about the relationship between 
similar behaviours. As subjects can be classified within different knowledge areas, Table 3 
also contains the same statistics, this time calculated for each one of those areas.  

The most significant fact regarding the differences between knowledge areas is about 
Physics. In that knowledge area there is, compared with the other areas, quite a significant 
increase in overall mathematical notation use: while for Mathematics this percentage is 
around 28% and for Technology it is around 21%, for the Physics area it increases to 39%. 
Analysing this fact in detail and if we have a closer look at the different notation methods, 
the increase is mostly related to citations: 56% against 9% in the other areas. The reasons for 
this behaviour pattern are two-fold: 

1. There is a well defined citation method in the subject falling under this knowledge area 
(Engineering Physics Fundamentals), which is responsible for this increase in the use of 
mathematical notation. This citation method consists of uniquely identifying with a 
number every single formula used within the subject. In every work document during 
the term, as well as within communications between students and teachers, formulae 
are referenced by using those unique numbers. Therefore, it can be easier and faster for 
both students and teachers referencing any of the formulae and thus the mathematical 
notation percentage increases. This same fact causes the rest of the notation types to be 
less used for the Physics area. Technological Fundamentals II (Circuit Theory) uses the 
same citation method and as we can see it is the second subject where the citation 
method is used more, with a percentage of 20%. 

2. The subject itself: in Physics there are many formulae that students have to learn and 
understand. This explains the difference with Technological Fundamentals II, where the 
number of formulae is very much smaller. 

Again, the usage figures for full mathematical formulae have an expected pattern, according 
to the results previously shown in Table 2. While for the Mathematics area it increases to 
69%, very similar to the 62% for the Technology area, it drops to 47% for the Physics area. 
This behaviour is because of two main reasons: the first one is that the Technology area has 
a lower amount of formulae use within the subjects than the Mathematics and Physics areas.  
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Total 
e-mails

Area Subject # # % # % # % # % # %

Algebra
1170

332
28 235

71
77

23
29

9
24

7

Automata Theory and Formal 
Languages I 610

128
21 57

45
63

49
2

2
9

7

Cryptography
1122

224
20 155

69
49

22
36

16
10

4

Discrete Mathematics
1020

244
24 158

65
71

29
29

12
12

5

Introduction on Mathematics for 
Engineering 726

194
27 147

76
22

11
10

5
23

12

Linear Systems
846

316
37 224

71
60

19
14

4
30

9

Mathematical Analysis
953

425
45 307

72
120

28
66

16
55

13

Mathematics I
1198

352
29 250

71
48

14
12

3
54

15

Probability and Statistics
610

218
36 170

78
21

10
13

6
24

11

Statistics
1413

331
23 228

69
83

25
45

14
21

6

Wiris Laboratory (Algebra)
1120

232
21 127

55
49

21
4

2
67

29

AREA TOTALS 10788 2996 28 2058 69 663 22 260 9 329 11

Engineering Physics Fundamentals 581 228 39 107 47 52 23 127 56 10 4

AREA TOTALS 581 228 39 107 47 52 23 127 56 10 4

Computers Structure and 
Technology 1665

287
17 175

61
101

35
6

2
11

4

Technological Fundamentals I
1078

216
20

136 63
73

34
4

2
9

4

Technological Fundamentals II 1230 328 27 203 62 78 24 64 20 31 9

AREA TOTALS 3973 831 21 514 62 252 30 74 9 51 6
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Table 3. Usage of mathematical notation types by subject and aggregations by knowledge 
area 

The second reason is that in the Physics area the use of a citation method is favoured as we 
previously explained.  

Still looking at full mathematical formulae and focusing on the Mathematics area, this same 
irregular behaviour can be verified. The average use percentage of full mathematical 
formulae for this knowledge area is around 69%, which is quite high, but the behaviour is 
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expression. Table 3 shows the full results of this data, but as a main result it is possible to 
observe that the percentages are quite different from one subject to another: 

 Regarding full mathematical formulae, the results range from 45% in Automata Theory 
and Formal Languages to 78% in Probability and Statistics. 

 In the case of single mathematical symbols, the percentage varies from 10% in 
Probability and Statistics to 49% in Automata Theory and Formal Languages. 

 Regarding formulae citations, the percentage ranges from 2% in Automata Theory and 
Formal Languages, Wiris Laboratory (Algebra) or Computers Structure and Technology 
to 56% in Engineering Physics Fundamentals. 

 For attachments containing mathematical notation, the percentages range from 4% in 
Cryptography, Engineering Physics Fundamentals, Computers Structure and 
Technology or Technological Fundamentals I to 29% in Wiris Laboratory (Algebra). 

As it can be seen, there are significant differences regarding both the percentage of e-mails 
containing mathematical notation and the use of one or another expression method. 
Considering these results, the next question that arises is about the relationship between 
similar behaviours. As subjects can be classified within different knowledge areas, Table 3 
also contains the same statistics, this time calculated for each one of those areas.  

The most significant fact regarding the differences between knowledge areas is about 
Physics. In that knowledge area there is, compared with the other areas, quite a significant 
increase in overall mathematical notation use: while for Mathematics this percentage is 
around 28% and for Technology it is around 21%, for the Physics area it increases to 39%. 
Analysing this fact in detail and if we have a closer look at the different notation methods, 
the increase is mostly related to citations: 56% against 9% in the other areas. The reasons for 
this behaviour pattern are two-fold: 

1. There is a well defined citation method in the subject falling under this knowledge area 
(Engineering Physics Fundamentals), which is responsible for this increase in the use of 
mathematical notation. This citation method consists of uniquely identifying with a 
number every single formula used within the subject. In every work document during 
the term, as well as within communications between students and teachers, formulae 
are referenced by using those unique numbers. Therefore, it can be easier and faster for 
both students and teachers referencing any of the formulae and thus the mathematical 
notation percentage increases. This same fact causes the rest of the notation types to be 
less used for the Physics area. Technological Fundamentals II (Circuit Theory) uses the 
same citation method and as we can see it is the second subject where the citation 
method is used more, with a percentage of 20%. 

2. The subject itself: in Physics there are many formulae that students have to learn and 
understand. This explains the difference with Technological Fundamentals II, where the 
number of formulae is very much smaller. 

Again, the usage figures for full mathematical formulae have an expected pattern, according 
to the results previously shown in Table 2. While for the Mathematics area it increases to 
69%, very similar to the 62% for the Technology area, it drops to 47% for the Physics area. 
This behaviour is because of two main reasons: the first one is that the Technology area has 
a lower amount of formulae use within the subjects than the Mathematics and Physics areas.  
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Table 3. Usage of mathematical notation types by subject and aggregations by knowledge 
area 

The second reason is that in the Physics area the use of a citation method is favoured as we 
previously explained.  

Still looking at full mathematical formulae and focusing on the Mathematics area, this same 
irregular behaviour can be verified. The average use percentage of full mathematical 
formulae for this knowledge area is around 69%, which is quite high, but the behaviour is 
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not the same for all of the subjects in this area. While most of them fall into the range 65% to 
75%, there are two subjects where the percentage drops dramatically to 45% and 55%. These 
subjects are, respectively, Automata Theory and Formal Languages I and Wiris Laboratory 
(Algebra). Similarly, as previously explained, these subjects do not contain as much 
mathematical formulae as the rest of the subjects and therefore the use percentage decreases. 
On the other hand, the use percentage of mathematical symbols in the subject Automata 
Theory and Formal Languages I is quite high, since this subject contains a high amount of 
single mathematical symbols instead of full mathematical formulae. 

Besides these facts, as for the rest of the notation types there is no significant difference. 
Again, the conclusion we come to is that in some cases the use of one or other type of 
notation is highly dependant on the subject, depending on the content itself and on a 
previous agreement between teachers and students for using some specific notation method 
as we could see in the Physics subject. In this way, it seems that it is easier and more feasible 
for students and teachers to express mathematics by the use of a previously established 
citation system. But again, for the rest of the subjects, apparently the use of one or other 
method is more likely to be linked to the students’ particular preferences. 

In the next section we will develop more statistics in order to find yet more specific 
relationships between subjects and knowledge areas. 

5.3 A global statistical analysis 

The previous section has shown that there are significant differences in the use of notation 
between different subjects or knowledge areas. At this point it is important to develop some 
global descriptive statistics in order to better understand the links between different 
expression methods. 

Table 4 shows the main statistical measurements, calculated for every notation type and 
knowledge area. For each of these groups, it shows the mean, the minimum and maximum, 
the standard deviation and the mode, all values represented in percentages. Regarding the 
special case of Physics, as there is just one subject under this knowledge area, we will not 
consider its standard deviation.  

As it can be seen in Table 4, there are two cases in which the mean does not fall into the 
mode range: 

 Mathematics area, formula within the e-mail body 
 Mathematics area, attachment with formula 

In none of these cases, though, the difference between the mean and the mode is very 
significant. This might only be a symptom of an abnormal distribution, and it is not 
surprising because as we described in previous sections there is a very different pattern in a 
few subjects for using one or other mathematical notation type depending on the subject 
and area. 

The Mathematics knowledge area is the one showing a larger difference overall between the 
minimum and maximum percentages for every notation type. This was already explained in 
a previous section, the reason being there are two subjects in this area (Automata Theory 
and Formal Languages I and Wiris Laboratory) which do not follow the regular pattern of 

 
The Use of Mathematical Formulae in an E-Learning Environment 117 

the other subjects because of their content type. That is also confirmed by this area having 
the overall highest standard deviations, especially concerning the most used notation types: 
full mathematical formulae (with a standard deviation of 9) and mathematical symbol (with 
a standard deviation of 10). 

Knowledge area Mean Min Max
Standard 
deviation

Mode

Mathematics 67 45 78 9 >= 70% - < 80%

Physics 47 47 57 - >= 40% - < 50%

Technology 62 61 63 1 >= 60% - < 70%

Mathematics 23 10 49 10 >= 20% - < 30%

Physics 23 23 23 - >= 20% - < 30%

Technology 31 24 35 5 >= 30% - < 40%

Mathematics 8 2 16 5 >= 0% - <10%

Physics 56 56 56 - >= 50% - < 60%

Technology 8 2 20 8 >= 0% - <10%

Mathematics 11 4 29 7 >= 0% - <10%

Physics 4 4 4 - >= 0% - <10%

Technology 6 4 9 3 >= 0% - <10%

Mathematics 5 1 14 4 >= 0% - <10%

Physics 1 1 1 - >= 0% - <10%

Technology 6 4 9 2 >= 0% - <10%

Mathematics 2 0 5 2 >= 0% - <10%

Physics 2 2 2 - >= 0% - <10%

Technology 5 1 10 4 >= 0% - <10%

Mathematics 28 20 45 8 >= 20% - < 30%

Physics 39 39 39 - >= 30% - < 40%

Technology 21 17 27 4 >= 20% - < 30%
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Table 4. Statistical analysis grouped by notation type and knowledge area 

Table 5 shows the same statistical measurements groups as in Table 4, but this time 
regardless of the knowledge area. As it can be seen in the results, the percentages are more 
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not the same for all of the subjects in this area. While most of them fall into the range 65% to 
75%, there are two subjects where the percentage drops dramatically to 45% and 55%. These 
subjects are, respectively, Automata Theory and Formal Languages I and Wiris Laboratory 
(Algebra). Similarly, as previously explained, these subjects do not contain as much 
mathematical formulae as the rest of the subjects and therefore the use percentage decreases. 
On the other hand, the use percentage of mathematical symbols in the subject Automata 
Theory and Formal Languages I is quite high, since this subject contains a high amount of 
single mathematical symbols instead of full mathematical formulae. 

Besides these facts, as for the rest of the notation types there is no significant difference. 
Again, the conclusion we come to is that in some cases the use of one or other type of 
notation is highly dependant on the subject, depending on the content itself and on a 
previous agreement between teachers and students for using some specific notation method 
as we could see in the Physics subject. In this way, it seems that it is easier and more feasible 
for students and teachers to express mathematics by the use of a previously established 
citation system. But again, for the rest of the subjects, apparently the use of one or other 
method is more likely to be linked to the students’ particular preferences. 

In the next section we will develop more statistics in order to find yet more specific 
relationships between subjects and knowledge areas. 

5.3 A global statistical analysis 

The previous section has shown that there are significant differences in the use of notation 
between different subjects or knowledge areas. At this point it is important to develop some 
global descriptive statistics in order to better understand the links between different 
expression methods. 

Table 4 shows the main statistical measurements, calculated for every notation type and 
knowledge area. For each of these groups, it shows the mean, the minimum and maximum, 
the standard deviation and the mode, all values represented in percentages. Regarding the 
special case of Physics, as there is just one subject under this knowledge area, we will not 
consider its standard deviation.  

As it can be seen in Table 4, there are two cases in which the mean does not fall into the 
mode range: 

 Mathematics area, formula within the e-mail body 
 Mathematics area, attachment with formula 

In none of these cases, though, the difference between the mean and the mode is very 
significant. This might only be a symptom of an abnormal distribution, and it is not 
surprising because as we described in previous sections there is a very different pattern in a 
few subjects for using one or other mathematical notation type depending on the subject 
and area. 

The Mathematics knowledge area is the one showing a larger difference overall between the 
minimum and maximum percentages for every notation type. This was already explained in 
a previous section, the reason being there are two subjects in this area (Automata Theory 
and Formal Languages I and Wiris Laboratory) which do not follow the regular pattern of 

 
The Use of Mathematical Formulae in an E-Learning Environment 117 

the other subjects because of their content type. That is also confirmed by this area having 
the overall highest standard deviations, especially concerning the most used notation types: 
full mathematical formulae (with a standard deviation of 9) and mathematical symbol (with 
a standard deviation of 10). 

Knowledge area Mean Min Max
Standard 
deviation

Mode

Mathematics 67 45 78 9 >= 70% - < 80%

Physics 47 47 57 - >= 40% - < 50%

Technology 62 61 63 1 >= 60% - < 70%

Mathematics 23 10 49 10 >= 20% - < 30%

Physics 23 23 23 - >= 20% - < 30%

Technology 31 24 35 5 >= 30% - < 40%

Mathematics 8 2 16 5 >= 0% - <10%

Physics 56 56 56 - >= 50% - < 60%

Technology 8 2 20 8 >= 0% - <10%

Mathematics 11 4 29 7 >= 0% - <10%

Physics 4 4 4 - >= 0% - <10%

Technology 6 4 9 3 >= 0% - <10%

Mathematics 5 1 14 4 >= 0% - <10%

Physics 1 1 1 - >= 0% - <10%

Technology 6 4 9 2 >= 0% - <10%

Mathematics 2 0 5 2 >= 0% - <10%

Physics 2 2 2 - >= 0% - <10%

Technology 5 1 10 4 >= 0% - <10%

Mathematics 28 20 45 8 >= 20% - < 30%

Physics 39 39 39 - >= 30% - < 40%

Technology 21 17 27 4 >= 20% - < 30%
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Table 4. Statistical analysis grouped by notation type and knowledge area 

Table 5 shows the same statistical measurements groups as in Table 4, but this time 
regardless of the knowledge area. As it can be seen in the results, the percentages are more 
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dispersed, showing a high standard deviation on all three most commonly used notation 
types: formula within the e-mail body, mathematical symbol and citation. 

As it can be observed, the only group mismatching the mean into the mode range with a 
significant percentage is Formula within the e-mail body. But analysing the data in Table 3, 
we can see that it is only due to a very irregular use of mathematical formulae: while the 
mode stays at the range 70%-80%, the rest of the subjects not falling into this range belong to 
a few different ranges. Therefore, we can discard the statistics in Table 5 as they are not 
explanatory for this study. 

 
 

Mean Min Max
Standard 
deviation

Mode

Formula within the e-mail body 65 45 78 10 >= 70% - < 80%
Mathematical symbol 24 10 49 10 >= 20% - < 30%
Citation 11 2 56 13 >= 0% - <10%
Attachment with formula 9 4 29 6 >= 0% - <10%
Attachment without formula 5 1 14 4 >= 0% - <10%
Attachment with graphics 3 0 10 2 >= 0% - <10%
Any kind of mathematical notation 28 17 45 8 >= 20% - < 30%  

 

Table 5. Statistical analysis grouped by notation type 

 

Finally, Table 6 shows, according to the mode, the most popular notation types within each 
knowledge area. This rank also states that one or other notation type use highly depends on 
the subject and area, Physics being a good example of that: Mathematics and Technology 
areas both have formula within the e-mail body as the most commonly used notation type,   

 

 

Most commonly used Second commonly used

Mathematics Formula within the e-mail body Mathematical symbol

Physics Citation Formula within the e-mail body

Technology Formula within the e-mail body Mathematical symbol
 

 

Table 6. Most commonly used citation methods by knowledge area 
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while Physics has citations as its preferred type. Furthermore, Physics does not have 
mathematical symbols in second place as Mathematics and Technology do, but formula 
within the e-mail body instead. This means that for Physics, when citation is not being used, 
the pattern reflects the one in Mathematics and Technology.  

As we have seen, these main statistical measurements neither completely explain the overall 
behaviour of students choosing a particular mathematics expression method. More 
information is needed, basically in the way of a much larger e-mail sample, so it is possible 
to understand why a student expresses mathematics in a particular way. Therefore, this 
research leads us to conclude that a deeper study is needed in order to analyse different 
patterns linked to particular students. 

6. Conclusion 
In this chapter it has been shown: 1) which strategies and methods students use to 
communicate mathematical formulae in a web based e-learning environment, by means of 
the analysis of 17,000 messages; and 2) how important each method is depending on the 
subject and on the knowledge area. 

This study has been developed exclusively using an e-mail web application that lacks a 
formulae editor, in order to explain the way students communicate using mathematical 
notation. In the course of this research, it has been seen that the use of mathematical 
formulae in virtual learning environments has to be carefully studied in order to provide 
students with better communication, as well as a better understanding of mathematics in 
engineering degrees. 

From the study, it can be concluded that: 

 Mathematical formulae appear in 30% of the e-mails for the analysed subjects. This 
shows that in the area of e-learning for technical and scientific degrees formulae play a 
key role in communication. When a technological solution is not available, which is the 
case, students manage to find a way to communicate mathematics. However, it has to 
be taken into account that this is an extra handicap for students in subjects that they 
traditionally find difficult. The challenge of communication, besides the inherent 
difficulty of the subjects, can cause some students not to ask questions. 

 Mathematical expressions appear in different ways: as a symbol, as a formula written in 
pseudocode (LaTeX style), as a cited formula and as an attachment. 

 For some subjects, the method used to communicate mathematical formulae depends 
on two factors: 
 The subject itself: some subjects have more formulae (like Physics) and others have 

more symbols (like Automata Theory and Formal Languages I). The complexity of 
the formulae and the role they play in the subjects will determine how much 
mathematical formulae will appear. Then, the overall amount of mathematical 
notation used by teachers and students seems to relate to the amount of 
mathematical notation content within the subject itself better than to some other 
external factors. 

 The features of the study materials: some subjects, like Physics or Technological 
Fundamentals II, have a very good citation method since every formula is 
numbered. This makes it easier for students and teachers to cite formulae by their 
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dispersed, showing a high standard deviation on all three most commonly used notation 
types: formula within the e-mail body, mathematical symbol and citation. 

As it can be observed, the only group mismatching the mean into the mode range with a 
significant percentage is Formula within the e-mail body. But analysing the data in Table 3, 
we can see that it is only due to a very irregular use of mathematical formulae: while the 
mode stays at the range 70%-80%, the rest of the subjects not falling into this range belong to 
a few different ranges. Therefore, we can discard the statistics in Table 5 as they are not 
explanatory for this study. 

 
 

Mean Min Max
Standard 
deviation

Mode

Formula within the e-mail body 65 45 78 10 >= 70% - < 80%
Mathematical symbol 24 10 49 10 >= 20% - < 30%
Citation 11 2 56 13 >= 0% - <10%
Attachment with formula 9 4 29 6 >= 0% - <10%
Attachment without formula 5 1 14 4 >= 0% - <10%
Attachment with graphics 3 0 10 2 >= 0% - <10%
Any kind of mathematical notation 28 17 45 8 >= 20% - < 30%  

 

Table 5. Statistical analysis grouped by notation type 

 

Finally, Table 6 shows, according to the mode, the most popular notation types within each 
knowledge area. This rank also states that one or other notation type use highly depends on 
the subject and area, Physics being a good example of that: Mathematics and Technology 
areas both have formula within the e-mail body as the most commonly used notation type,   
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while Physics has citations as its preferred type. Furthermore, Physics does not have 
mathematical symbols in second place as Mathematics and Technology do, but formula 
within the e-mail body instead. This means that for Physics, when citation is not being used, 
the pattern reflects the one in Mathematics and Technology.  

As we have seen, these main statistical measurements neither completely explain the overall 
behaviour of students choosing a particular mathematics expression method. More 
information is needed, basically in the way of a much larger e-mail sample, so it is possible 
to understand why a student expresses mathematics in a particular way. Therefore, this 
research leads us to conclude that a deeper study is needed in order to analyse different 
patterns linked to particular students. 

6. Conclusion 
In this chapter it has been shown: 1) which strategies and methods students use to 
communicate mathematical formulae in a web based e-learning environment, by means of 
the analysis of 17,000 messages; and 2) how important each method is depending on the 
subject and on the knowledge area. 

This study has been developed exclusively using an e-mail web application that lacks a 
formulae editor, in order to explain the way students communicate using mathematical 
notation. In the course of this research, it has been seen that the use of mathematical 
formulae in virtual learning environments has to be carefully studied in order to provide 
students with better communication, as well as a better understanding of mathematics in 
engineering degrees. 

From the study, it can be concluded that: 

 Mathematical formulae appear in 30% of the e-mails for the analysed subjects. This 
shows that in the area of e-learning for technical and scientific degrees formulae play a 
key role in communication. When a technological solution is not available, which is the 
case, students manage to find a way to communicate mathematics. However, it has to 
be taken into account that this is an extra handicap for students in subjects that they 
traditionally find difficult. The challenge of communication, besides the inherent 
difficulty of the subjects, can cause some students not to ask questions. 

 Mathematical expressions appear in different ways: as a symbol, as a formula written in 
pseudocode (LaTeX style), as a cited formula and as an attachment. 

 For some subjects, the method used to communicate mathematical formulae depends 
on two factors: 
 The subject itself: some subjects have more formulae (like Physics) and others have 

more symbols (like Automata Theory and Formal Languages I). The complexity of 
the formulae and the role they play in the subjects will determine how much 
mathematical formulae will appear. Then, the overall amount of mathematical 
notation used by teachers and students seems to relate to the amount of 
mathematical notation content within the subject itself better than to some other 
external factors. 

 The features of the study materials: some subjects, like Physics or Technological 
Fundamentals II, have a very good citation method since every formula is 
numbered. This makes it easier for students and teachers to cite formulae by their 
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number and therefore causes a significant boost to the use of formulae thanks to 
the simplicity of the citation method. Assuming that students and teachers use (or 
should use) mathematical notation whenever they need to, and regarding the 
increase of mathematical notation use in Physics, it can be concluded that the lack 
of such an easy pre-established notation method causes difficulties in 
communication among the members of a virtual classroom community. 

 There is no pattern regarding the use of mathematical formulae which is valid for all 
the subjects and knowledge areas. When a concrete type of notation is considered, the 
results show there is an overall common pattern among all the subjects, full 
mathematical formula, symbol and citation being the most commonly used. The 
exception though occurs when a certain notation method is established beforehand, in 
which case it seems easier and more likely to be used by students and teachers 
according to the increase of use observed in the particular case of the Physics subject.  

 Therefore, there are signs leading to the existence of student patterns and profiles, more 
than an overall pattern for every subject. In some cases, when a subject offers an easy 
and feasible method for expressing mathematics, such is the case for citation, students 
and teachers tend to adopt it and in that way increase the use of mathematics content 
within e-mail. In the rest of cases, the student preference seems to be the main reason 
for the selection. In that case, we need to analyse what leads a student to choose one or 
other method and if that choice can be linked to a better understanding of the subject, 
thus a better academic performance. Or furthermore, from a different point of view, if 
students that have a better academic performance are linked to one particular type of 
mathematical expressions. 

All these conclusions show the importance of mathematical notation for students of 
technological subjects. For some subjects, this study has detected several key points as 
indicators for the use of a specific mathematics expression method. For example, in certain 
subjects, a well-established citation system makes it easier and faster for students to use 
citation instead of any other method. In the same way, other features like the structure of the 
study materials or even its content, can also affect the behaviour of students. As for other 
subjects, further work has to be developed in order to find proper key indicators, which 
apparently can be related to particular student profile or preferences. 

In spite of the large volume of e-mails processed in this research, more than 17,000, the 
information gathered from them is not enough to identify these student profiles. 
Currently, the information related to one particular student through different subjects and 
terms is not significant enough, statistically speaking, to be able to determine if they are 
following a particular pattern. Therefore, future research must bear this in mind and 
target particular students behaviour instead of overall subject behaviour. Once this 
information is available, future studies can also try to find links between the academic 
performance of students and mathematical expressions use patterns. For example, it is 
possible to find out if a specific behaviour pattern, varying from the classroom average, 
leads to a different academic performance, either if that performance is reflected in the 
students’ final marks or on a higher rate of students following continuous assessment 
during the term. Furthermore, not only the use of the communication method chosen by 
the student, but the variation in the use of different methods, the usage amount of each 
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one of them and even the content of the e-mails itself can lead us to detect different 
student profiles from which we could have another very interesting point of view. For 
example, the use of a richer language or the development and discussion of a given 
formula through a thread of e-mails can help teachers identify the expected performance 
for a particular student and therefore help them focus on the students who are not 
following this pattern. 

According to the results of this research, the contents and structure of a subject can lead 
students to communicate mathematics in a particular way, sometimes more frequently than 
the average. However, this does not necessarily mean a better overall performance in a 
subject, as students would perhaps perform better if the subject was, conversely, designed 
according to the preferences of the students, providing them with the necessary tools for this 
purpose. 

Finally, the use of mathematical language within a virtual classroom is a handicap for 
e-learning since students and teachers are only able to express themselves by the use of e-
mail but, furthermore, we must take into account that this problem can be much worse for 
disadvantaged student groups – as for example students with visual impairments – 
especially when we consider the similar difficulties that both students in a virtual 
environment and students with visual impairments face on a daily basis (as was 
explained in Section 2). Therefore, these are the main aspects that will be explored in 
future work. 
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number and therefore causes a significant boost to the use of formulae thanks to 
the simplicity of the citation method. Assuming that students and teachers use (or 
should use) mathematical notation whenever they need to, and regarding the 
increase of mathematical notation use in Physics, it can be concluded that the lack 
of such an easy pre-established notation method causes difficulties in 
communication among the members of a virtual classroom community. 

 There is no pattern regarding the use of mathematical formulae which is valid for all 
the subjects and knowledge areas. When a concrete type of notation is considered, the 
results show there is an overall common pattern among all the subjects, full 
mathematical formula, symbol and citation being the most commonly used. The 
exception though occurs when a certain notation method is established beforehand, in 
which case it seems easier and more likely to be used by students and teachers 
according to the increase of use observed in the particular case of the Physics subject.  

 Therefore, there are signs leading to the existence of student patterns and profiles, more 
than an overall pattern for every subject. In some cases, when a subject offers an easy 
and feasible method for expressing mathematics, such is the case for citation, students 
and teachers tend to adopt it and in that way increase the use of mathematics content 
within e-mail. In the rest of cases, the student preference seems to be the main reason 
for the selection. In that case, we need to analyse what leads a student to choose one or 
other method and if that choice can be linked to a better understanding of the subject, 
thus a better academic performance. Or furthermore, from a different point of view, if 
students that have a better academic performance are linked to one particular type of 
mathematical expressions. 

All these conclusions show the importance of mathematical notation for students of 
technological subjects. For some subjects, this study has detected several key points as 
indicators for the use of a specific mathematics expression method. For example, in certain 
subjects, a well-established citation system makes it easier and faster for students to use 
citation instead of any other method. In the same way, other features like the structure of the 
study materials or even its content, can also affect the behaviour of students. As for other 
subjects, further work has to be developed in order to find proper key indicators, which 
apparently can be related to particular student profile or preferences. 

In spite of the large volume of e-mails processed in this research, more than 17,000, the 
information gathered from them is not enough to identify these student profiles. 
Currently, the information related to one particular student through different subjects and 
terms is not significant enough, statistically speaking, to be able to determine if they are 
following a particular pattern. Therefore, future research must bear this in mind and 
target particular students behaviour instead of overall subject behaviour. Once this 
information is available, future studies can also try to find links between the academic 
performance of students and mathematical expressions use patterns. For example, it is 
possible to find out if a specific behaviour pattern, varying from the classroom average, 
leads to a different academic performance, either if that performance is reflected in the 
students’ final marks or on a higher rate of students following continuous assessment 
during the term. Furthermore, not only the use of the communication method chosen by 
the student, but the variation in the use of different methods, the usage amount of each 
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one of them and even the content of the e-mails itself can lead us to detect different 
student profiles from which we could have another very interesting point of view. For 
example, the use of a richer language or the development and discussion of a given 
formula through a thread of e-mails can help teachers identify the expected performance 
for a particular student and therefore help them focus on the students who are not 
following this pattern. 

According to the results of this research, the contents and structure of a subject can lead 
students to communicate mathematics in a particular way, sometimes more frequently than 
the average. However, this does not necessarily mean a better overall performance in a 
subject, as students would perhaps perform better if the subject was, conversely, designed 
according to the preferences of the students, providing them with the necessary tools for this 
purpose. 

Finally, the use of mathematical language within a virtual classroom is a handicap for 
e-learning since students and teachers are only able to express themselves by the use of e-
mail but, furthermore, we must take into account that this problem can be much worse for 
disadvantaged student groups – as for example students with visual impairments – 
especially when we consider the similar difficulties that both students in a virtual 
environment and students with visual impairments face on a daily basis (as was 
explained in Section 2). Therefore, these are the main aspects that will be explored in 
future work. 
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1. Introduction  
During the last century a lot of changes appeared within the education process. At the 
beginning of the 20th century, children went to school on foot. Sometimes their homes were 
very far from their schools, so they spent a lot of time per day just walking. Our 
grandmothers and grandfathers were such a generation. Sometimes sleepy and tired, they 
still had to listen very carefully to what the teachers said because they had to make notes for 
their homework. Teachers were strict and pupils had to obey them. Teachers were often the 
only people who gave children information about history, geography, mathematics, 
chemistry etc. Most the inhabitants of those times did not have a radio, and television did 
not exist yet.  Despite this, some of the pupils of this generation went-on to universities and 
even became scientists. How was it possible? Did they have enough knowledge under such 
circumstances? They did not have computers and internet yet. In spite of all that, they had 
knowledge skills, and work ethics than the generations at the end of the 20th century. They 
spent a lot of time in libraries reading, learning and, writing about what they were learning. 
They discussed a lot about their problems with their colleagues and professors. They were 
very good listeners. 

In the second half of  the 20th century students, in general, did not need to go to school on 
foot anymore,  whether they lived far from school or not. They could choose the bus or train, 
or even lived in student hostels. The evolution in technology also caused an evolution in the 
education process. The lectures became more practical. Lecturers did not only use a 
blackboard and chalk when lecturing but some of them started to use different technical 
equipment such as overhead projectors and slides for presenting the subject material to their 
students. Students could spend time in modern libraries, make notes in notebooks or even 
make copies of the course material. Many lecturers wrote their own books as course 
material, which students could then buy.  

At the beginning of the 21st century, a group of eminent professors of chemical engineering 
(Felder et al., 2000) announced that in the very near future, it would be almost impossible to 
carry-out the education process without incorporating better teaching methods. Different 
study reforms would change the traditional curricula and lecturers would simply have 
insufficient time for explaining all the material, within the classroom. This meant that 
students would need to take greater responsibility for their own knowledge and non-
traditional methods, such as active learning, cooperative learning, problem-based learning, 
project-based learning, and e-learning would be the more important activities regarding a 
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more efficient education system (Krajnc, 2009). The solutions exist, it is upon the lecturer to 
decide which method to choose. 

When the computer era began, computer experts started to develop information and 
communication technology (ICT), which created a huge revolution in the presentation of 
knowledge and information to the world, which then became a much smaller place with a 
lot more information. A basic ICT infrastructure needs computers, the internet, e-mail, and 
intranet. Using such structures, an electronic way of learning (e-learning) is possible and in a 
modern society all these tools are usually available. 

E-learning could be used as part of traditional learning (blended-learning, hybrid-learning, 
mixed-learning) or just as online (virtual) education and incorporated into any course 
content i.e. the natural sciences or sociology. Maybe it is a little harder to use it in natural 
sciences because the mathematicians probably asses knowledge electronically less than the 
historian. 

Nowadays, it is normal to use electronic slides, the internet, e-mails, electronic learning 
environments and e-course material during lectures presentation. When using ICT at 
lectures, it is the lecturers' responsibilities to present students with qualitative and 
important information. Many lecturers who use ICT say that when ICT is included within 
the traditional method of education, it facilitates lectures and the students' work, and the 
lectures became more dynamic and interesting. Different e-activities also enrich the subject 
content. E-learning presents an alternative for students and helps them to find a balance 
between their private lives, careers, and education. It is one of the more dynamic and 
enriching forms of learning, and reduces dependency on space and time (Paik et al., 2004). It 
offers both individual learning experiences, and opportunities for working together with 
colleagues (Peat, 2000). 

A lot of statements have been made to date which have shown both positive and negative 
responses to e-learning. The following are some examples. Lecturers who have one hundred 
or more students at their lectures know that the lecturer my well spend more time on the 
final assessment than on lecturing, lecture preparation, and tutorials (Husssman et al.; 2004, 
Excell, 2004). Because assessment represents a significant part of a lecturer's workload, 
computer-assisted assessment has the potential for allowing an effective assessment regime 
to be maintained in the cases of large classes.  E-learning assessment of knowledge is also of 
great benefit from the students' points of view. Rossiter et al. (2010) implemented online 
quizzes within a Chemical Process Principle Course in the freshman year. Such a new 
method of learning improved students' learning and success, particularly among weaker 
students and helped them to develop transferable skills regarding teamwork and 
communication. The quizzes helped them to do their homework, and to a certain extent, 
develop their core technical skills for problem-based learning activities. 

On the one hand, e-learning brings a lot of advantages whilst, on the other, it does require 
the adoption of new skills and knowledge. At the beginnings of any e-learning 
incorporation into the education process, a lot of time is needed in order to learn new 
aspects regarding the adoption of new technologies, and their different tools. Some users 
stop using it after their initial experience. Pei-Chen Sun et al. (2008) investigated those 
critical factors affecting learners' satisfaction with e-learning. They discovered that learner 
computer-anxiety, instructor-attitude towards e-learning, e-learning course flexibility, e-
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learning course quality, perceived usefulness, perceived ease of use and diversity during 
assessments, are the critical factors. The effect of learning activities and students' satisfaction 
are influenced by their instructors' attitudes when handling learning activities. Active and 
positive attitudes do motivate students regarding e-learning usage. Pei-Chen et al. (2008) 
also discussed that course quality, which includes teaching material, interactive discussion, 
and course-scheduling, had the strongest association with satisfaction regarding e-learning. 
Furthermore, many e-learning users were discouraged from e-learning by those poor 
technologies having slow response-times or frequent technical difficulties. 

Nowadays, a lot of e-tools are available for e-education e.g. internet tools (wikis), electronic 
or virtual learning environments (Blackboard, Webassign, WebCT, Moodle), and web labs. 
Through such tools the lecturers and students can communicate in two different ways: 
synchronous and asynchronous. A lot of experiences and supporting technologies on 
synchronous e-learning were presented by Granda et al. (2010). They pointed-out two major 
features of synchronous e-learning systems, i.e. audio and video-conferencing. The first one 
is used to allow participants to participate orally within learning sessions, whilst the second 
is used to reinforce a sense of user-presence. Floyd Smith et al. (2010) presented their 
experiences of a synchronous distance-education course for non-scientists, which was 
successfully carried out over two semesters and jointly by three universities. 

Lectures and experts from many institutions worldwide who already use different kinds of 
e-learning tools within their education processes (Lau, 2005; Maurice, 2006; Selmer 2007; 
Hussman, 2004; Rodrígues et al., 2006) think that such technology stimulates and motivates 
students' interest in their subjects, improves their learning performances within the 
discipline of industrial engineering, and significantly improves the teaching and learning, 
whilst saving time and money regarding all aspects of the classroom. Web labs, for example, 
provide students with training for working with experimental equipment and help them to 
understand the fundamentals of unit operations e.g. distillation and drying (Dongil et al., 
2009). Such laboratories drastically reduce the economic necessity of providing new 
equipment, and stimulate skills such as teamwork, communication, and presentation 
(Selmer, 2007; Le Roux et al., 2010).  

Electronic tools could be successfully used in interdisciplinary learning courses in which e.g. 
students participate outside the classroom. Schaad et al. (2008) described such course in 
which students had the option of participating in either a service-learning exercise within an 
area ravaged by a natural disaster within Lousiana and North Carolina, or to research a 
topic related to natural disasters. All students attended the lecture component of the course 
and completed on-line quizzes on Blackboard in order to demonstrate their understanding 
of the presented material. The twice-weekly lectures were recorded and provided in the 
form of Webcasts for future reference. 

Some educators use Internet tools e.g. wikis technology, to enhance creativity, 
communication, student interaction, collaboration, and the organization of information 
(Hadley & Debelak, 2009) when students work on projects, and as a replacement for 
traditional text-books where students add problems and edit the educational content 
(Richardson, 2006).  When using wikis during projects, the supervisor can keep constant 
tabs on a student's progress, so the projects are completed on time and the results are valid.  

ICT has also been incorporated into some Chemical Engineering Courses at the Faculty of 
Chemistry and Chemical Engineering (FCCE), University of Maribor (UM), Slovenia. At the 
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A lot of statements have been made to date which have shown both positive and negative 
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Excell, 2004). Because assessment represents a significant part of a lecturer's workload, 
computer-assisted assessment has the potential for allowing an effective assessment regime 
to be maintained in the cases of large classes.  E-learning assessment of knowledge is also of 
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quizzes within a Chemical Process Principle Course in the freshman year. Such a new 
method of learning improved students' learning and success, particularly among weaker 
students and helped them to develop transferable skills regarding teamwork and 
communication. The quizzes helped them to do their homework, and to a certain extent, 
develop their core technical skills for problem-based learning activities. 
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learning course quality, perceived usefulness, perceived ease of use and diversity during 
assessments, are the critical factors. The effect of learning activities and students' satisfaction 
are influenced by their instructors' attitudes when handling learning activities. Active and 
positive attitudes do motivate students regarding e-learning usage. Pei-Chen et al. (2008) 
also discussed that course quality, which includes teaching material, interactive discussion, 
and course-scheduling, had the strongest association with satisfaction regarding e-learning. 
Furthermore, many e-learning users were discouraged from e-learning by those poor 
technologies having slow response-times or frequent technical difficulties. 

Nowadays, a lot of e-tools are available for e-education e.g. internet tools (wikis), electronic 
or virtual learning environments (Blackboard, Webassign, WebCT, Moodle), and web labs. 
Through such tools the lecturers and students can communicate in two different ways: 
synchronous and asynchronous. A lot of experiences and supporting technologies on 
synchronous e-learning were presented by Granda et al. (2010). They pointed-out two major 
features of synchronous e-learning systems, i.e. audio and video-conferencing. The first one 
is used to allow participants to participate orally within learning sessions, whilst the second 
is used to reinforce a sense of user-presence. Floyd Smith et al. (2010) presented their 
experiences of a synchronous distance-education course for non-scientists, which was 
successfully carried out over two semesters and jointly by three universities. 

Lectures and experts from many institutions worldwide who already use different kinds of 
e-learning tools within their education processes (Lau, 2005; Maurice, 2006; Selmer 2007; 
Hussman, 2004; Rodrígues et al., 2006) think that such technology stimulates and motivates 
students' interest in their subjects, improves their learning performances within the 
discipline of industrial engineering, and significantly improves the teaching and learning, 
whilst saving time and money regarding all aspects of the classroom. Web labs, for example, 
provide students with training for working with experimental equipment and help them to 
understand the fundamentals of unit operations e.g. distillation and drying (Dongil et al., 
2009). Such laboratories drastically reduce the economic necessity of providing new 
equipment, and stimulate skills such as teamwork, communication, and presentation 
(Selmer, 2007; Le Roux et al., 2010).  

Electronic tools could be successfully used in interdisciplinary learning courses in which e.g. 
students participate outside the classroom. Schaad et al. (2008) described such course in 
which students had the option of participating in either a service-learning exercise within an 
area ravaged by a natural disaster within Lousiana and North Carolina, or to research a 
topic related to natural disasters. All students attended the lecture component of the course 
and completed on-line quizzes on Blackboard in order to demonstrate their understanding 
of the presented material. The twice-weekly lectures were recorded and provided in the 
form of Webcasts for future reference. 

Some educators use Internet tools e.g. wikis technology, to enhance creativity, 
communication, student interaction, collaboration, and the organization of information 
(Hadley & Debelak, 2009) when students work on projects, and as a replacement for 
traditional text-books where students add problems and edit the educational content 
(Richardson, 2006).  When using wikis during projects, the supervisor can keep constant 
tabs on a student's progress, so the projects are completed on time and the results are valid.  

ICT has also been incorporated into some Chemical Engineering Courses at the Faculty of 
Chemistry and Chemical Engineering (FCCE), University of Maribor (UM), Slovenia. At the 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 

 

126 

beginning, this novelty confused the majority of the teaching staff. Some lecturers thought 
that the students’ knowledge would decrease by incorporating e-learning into their courses. 
Only a few enthusiasts believed that new learning methods and tools will produce better 
and efficient study results, and that some activities will expand both the lecturers’ and 
students’ knowledge. The results of their efforts are described in this Chapter. 

This Chapter is organized as follows: Section 2 introduces the incorporation of e-learning at 
the FCCE in Maribor. Section 3 illustrates the efficient tools of e-learning i.e. electronic tests 
for the e-assessment of knowledge and multimedia e-chapters. The students’ and teaching 
staffs’ responses to e-learning are also presented in this section. Section 4 concludes the 
chapter describing their experiences of e-learning usage from both the students and teaching 
staffs’ points of view, and ends with the challenges for the future. 

2. Incorporation of e-learning at FCCE, University of Maribor 
E-learning at the Faculty of Chemistry and Chemical Engineering (FCCE) in Maribor was 
incorporated into the education process for the first time during the academic year 
2004/2005. The pedagogical staff started to adopt the electronic learning environment called 
ELEUM, which was developed at the Faculty of Electrical Engineering and Computer 
Science, in Maribor. It was available to all members of the University free of charge. It was a 
simple but effective electronic learning environment, which could be used by all lecturers 
and students as a communication tool. 

ELEUM advanced into the pedagogical process very slowly, because the introduction of 
anything new is hard and painstaking work. However, the first experiences showed that it 
could improve the quality of the process. Only one lecturer from one Course used it at the 
beginning.  Only certain activities were used in the first year because this was a new method 
of learning, teaching and communicating. In general, lecturers put on ELEUM electronic 
documents of the Course material, the criteria of the Course, dates for exams and 
colloquiums, and information about lectures, practical work etc. Then new functionalities 
were added from year to year. 

Although the pedagogical staff became acquainted very slowly with this new method of 
working, the students adopted it almost immediately. Their responses to e-learning and the 
ELEUM were collected by means of a questionnaire (Krajnc, 2006, 2009). The questionnaires 
were filled by students at the Process Synthesis Course, where e-learning was introduced for 
the first time at FCCE. The course was carried-out in the second semester of the third year as 
a professional higher programme.  

The questionnaire results showed that during the academic year 2004/2005 e-learning was 
almost unknown to students, by the next academic year approximately one half of students 
knew or partly-knew e-learning, but by the 2006/2007 academic year, all the students knew 
it well or fairly-well. Thus, information about e-learning within the education process has 
advanced from year to year (Krajnc, 2009). At the beginning, the lecturer was the main 
source of initial information about e-learning but over the following academic years, the 
students received information from their friends and other colleagues who had used an 
electronic learning environment in previous years, too. Students thought that ELEUM was 
an effective tool and helped them to improve the qualities and efficiencies of their studies. 
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They pointed-out the following advantages: 

 updated information about the Course, 
 all the data collected in one place, 
 electronic text-books. 

Students also stated, that they could print-out, for example, solution manuals, questions for 
traditional oral exams, chapters of the text-books, whenever they wanted to. The lecturer 
could correct the data, and update the manuals and text-books.  

In 2009, ELEUM was replaced by Moodle, a internationally-known open-source (course) 
learning management system also called “Virtual Learning Environment” (VLE) 
(Dougiamas, 1999). In comparison with ELEUM, Moodle was fairly sophisticated and 
provided more aids than ELEUM. When Moodle became available for educational purposes, 
it caused stress among lecturers. It was a novelty once again. For this reason, the lecturers 
were only capable of putting on it mainly electronic documents and exam results, as at the 
time of ELEUM’s beginning. The Computer Centre of the University of Maribor, 
Department for e-learning, prepares learning workshops every year because of the 
problems. By such an education of the pedagogic staff, Moodle has advanced into the 
pedagogical process from year to year. 

3. Efficient tools for e-learning 
In spite of many useful electronic tools, being available online, there are some which 
particularly help to decrease the lecturers’ workloads and increase efficiency when 
studying. The following, presents only two of them i.e. electronic tests (quizzes) for the 
electronic assessment of knowledge and multimedia e-chapter which helps students to 
prepare for electronic or classical assessments of knowledge. 

3.1 Electronic assessment of knowledge 

From almost the beginning of the ELEUM’s usage, electronic tests (quizzes) were prepared 
for students who were willing to choose them instead of the traditional oral exam. Some 
people would say that creating a bank of questions takes a lot of time and effort, and the 
final result is a greater lecturer workload. This was true at the beginning of e-assessment but 
after a year or two the workload decreases because it is unnecessary to create a new bank of 
questions every year but only to add new or edit old questions. It is certainly true that 
lecturers engaged in such work have a lot of enthusiasm for their work and want to offer 
students new ideas.  

The students’ responses to e-test usage were different in comparison with other available 
functionalities. In this case, knowledge was assessed using an appropriate mark after 
finishing each e-test. For these reasons, students did not decide to use them in as greater 
numbers as for other tools.  

The first electronic test was realized at the Process Synthesis Course during the academic 
year 2004/2005, and since then every following academic year without interruption. Some 
students have seen a lot of advantages in such a choice, such as (Krajnc, 2008): 
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 they can avoid the embarrassment  of confronting their lecturer face to face, 
 they can concentrate better on the questions, 
 the results of the e-tests are known immediately. 

Since the academic year 2004/2005, more and more students have chosen this assessment of 
their knowledge, instead of the classical oral examinations (Krajnc, 2008), as shown Fig. 1. 

 
Fig. 1. Students’ applications for e-tests during the Process Synthesis Course. 

The middle-curve shows the interest for e-tests during the seven academic years of the 
Process Synthesis Course. The curve shows the increase in e-test applications until the 
academic year 2007/2008. The next academic year the interest stayed the same, i.e. all 
students chose e-tests, but in the academic years 2009/2010 and 2010/2011 some students 
did not choose e-tests instead of the classical oral exam. The lower curve represents the 
number of students who finished e-tests successfully. It can be seen, that in the academic 
years 2007/2008 and 2008/2009, all the regular enrolled students chose e-tests and also 
finished them successfully. It is evident that the number of sceptical students decreased 
gradually from the academic year 2004/2005 to 2007/2008 but increased again during the 
academic year 2009/2010. The fluctuation in e-tests applicability among students during the 
seven year time period was mainly about their ignorance of the new way of learning, and an 
unwillingness to become acquainted with the knowledge in so short a time i.e. chapter after 
chapter. 

E-tests were prepared for each chapter of the course material separately and were composed 
of different numbers and kinds of questions. They were executed approximately twice a 
month. Students had one week to prepare for each e-test. When the e-test was turned on, 
they came to the Faculty's computer room.  

All e-tests included about 70 questions. Students had to focus on each question very 
carefully since the answers sometimes seemed very similar. A student was successful if the 
fraction of correct answers was at least 60 %. There were different types of questions in each 
e-test: 
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a. questions with one correct answer from two possible answers, 
b. questions with one correct answer from among several possible answers, 
c. questions with several correct answers from among many possible answers, 
d. true/false questions, 
e. the essay-type questions. 

The following are some examples of those e-test questions included in the electronic 
assessment of knowledge during the Process Synthesis Course. 

Example 1:  The essay-type question 

  
Example 1 represents the essay-type question. The Table presents data for a four-component 
mixture which should be separated into pure components. Students need to focus on the 
properties of the components i.e. boiling points, corrosiveness and toxicity, and on this basis 
determine the appropriate separation sequence. They have to take into consideration two 
heuristic rules:   

a. remove the corrosive and hazardous material early, and 
b. difficult separations are best saved for last.  

Their findings are written in the box below the question. 

Example 2: The multiple-choice type question with one correct answer. 

 
  

Example 2 is more exact because certain calculations need to be done before selecting the 
correct answer. A student has to know the proper value and unit of ideal gas constant (in 
this case 8,314 J/(mol · K)) by heart, and then calculate activation energy. He/she must pay 
attention to the activation energy unit which must be in kJ/mol. When he/she establishes all 
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the requirements, the correct answer is selected (the third one in this case). Obviously in this 
case the student chose the wrong answer. The message »The answer is incorrect. You should 
pay more attention to R constant unit!« reminds student as to what mistake he/she has 
probably made. 

Example 3: True/false question. 

  
Example 3 shows a sentence which is written correctly or incorrectly. Students have to read 
it word by word and very carefully because sometimes only one word has a significant 
meaning. After deciding the student chooses only one possibility i.e. true (if the sentence is 
written correctly) or false (if the sentence is written incorrectly). In this case, the student 
chose the second possibility i.e. false, which was the wrong decision. 

Students have the interesting comments on questions with the different kinds of correct and 
wrong answers. They think that questions with several possible answers are the most 
pretentious because they have to know the theory in detail. They should focus on answers 
very carefully because they sometimes seem similar. If they are somewhat unacquainted 
with the theory of the course, they usually do not select all the correct answers.  

Before starting the first e-test, the lecturer explains how e-tests are conducted e.g. that they 
have time-limits, the questions and answers for each implementation are mixed, how many 
questions are contained in each e-test, and incorrect answers are estimated with negative 
points. Students are usually very nervous before the first e-test. This is understandable 
particularly in those cases where they have not had such a kind of knowledge evaluation up 
to that moment. In the Process Synthesis Course, the lecturer accepts a failure in one e-test, 
but they must be successful in the following. The theory of the chapter, in which the student 
fails, would he/she passes traditional. 

The non-traditional way of learning i.e. co-operative work (when doing homework and 
solving problems in teams) and e-learning, produced good study results during the Process 
Synthesis Course. Almost all students finished their course obligations within the course 
time or within one or two weeks after finishing the lectures. The students stated that, in such 
a manner, more time was left for other courses and obligations where they did not have 
such work opportunities. 

During the academic year 2006/2007, the electronic assessment of knowledge was also 
incorporated in the second study year within the Process Balances and Process Calculation 
Courses. During this study year e-tests were prepared for the self-assessment of knowledge 
before the oral exam. Electronic tests were active from the 1st June until the 1st October of 
that year, i.e. throughout whole summer examination time. Students who passed all e-tests 
successfully got an extra bonus towards the final mark of the exam, as a stimulus award. 
Almost half of the regular enrolled students (46 %) who needed to pass the Process Balances 
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Course and 33 % in the Process Calculation Course took e-tests before the oral exam (Krajnc, 
2009) . They said that: 

 with e-tests they learned what was the essence of each chapter, 
 e-tests gave them a critique about the knowledge, 
 correct answers were available, 
 the marks and results of the e-tests were known at once and  
 they would suggest such assessment of knowledge for the following generations of 

students. 

3.1.1 Electronic assessment of knowledge for the Bologna study-program courses 

When Slovenia in 2004 became a full member of the European Union and the European 
University Area, the Bologna Process started, to which the members of this area are bound. 
It encompasses a unique model regarding studies. This has meant reassessing and changing 
the traditional curricula towards a single-study structure within European Universities 
(Krajnc, 2009).  

The Bologna study programmes at FCCE started during the academic year 2009/2010. Each 
year the results show that a lot of students register in the first study year, which causes a lot 
of pedagogic workload for the staff. As the application of IC learning environments is 
particularly useful when a lot of students are enrolled, Moodle was incorporated within 
some Bologna Courses i.e. Computer Science in Chemistry Course (CSC), and Process 
Calculation I Course (PC I) in the first semester, and Process Calculation II Course (PC II), 
Chemical Calculation II Course (CC II), and Process Balances Course (PB) in the second 
semester. On the basis of the previous experiences from the Process Synthesis Course, the 
electronic assessment of knowledge was also incorporated into the mentioned Bologna 
courses. Lectures at all courses were given once a week (3 hours every week). The lecturer 
explained the main points of the material, and the students learned the rest by themselves. 
The following explains the electronic assessment procedures at some courses. 

At the Computer Science in Chemistry Course and Process Calculation I Course of the first 
semester, electronic assessment was introduced to the freshman three times, half an hour 
before regular lectures, and in a computer room of the Faculty. Each e-test was 
administrated only once. It was forbidden to write down the questions on the paper. A 
student was successful if at least 60 % of the answers were correct. 

In order to obtain freshman’s feedback on the applicability, usefulness, and efficiency of  
e-assessment, at the end of the semester students filled-in a questionnaire and answered 
certain questions. It was comprised of 16 questions, 13 of which were multiple-choice type 
questions and three were essay-type questions. The questionnaire was classified into four 
parts where students gave their opinions on: 

 electronic-learning environment applicability, 
 reasons for e-environment usage, 
 electronic-assessment and 
 the new way of learning. 

109 of the students filled-in the questionnaire. The results showed that 10 % of students used 
the electronic-learning environment Moodle every day, 82 % once a week, and the rest (8 %) 
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once a month. They also said that the combination of traditional and electronic method of 
learning suited them and that they also wanted such a kind of work in other courses.  

More than 71 % of the students’ replies were the same as their older colleagues in the 
Process Synthesis Course, i.e. that they chose the electronic-assessment of knowledge 
because they had to become acquainted with smaller portions of the course material at once, 
the other students (29 %) chose the e-test because they wanted to avoid the oral exam in the 
professor’s office. Three quarters of the students (74 %) said that after the first e-test they 
could better prepare for the others because after the first one they acquired a feeling for such 
a kind of examination. Almost all students (94 %) thought that they had enough time to 
answer all the questions in the e-assessment. 

The lecturer also received a significant response about the intelligibilities and difficulties of 
the questions. The result showed that almost half the students (42 %) thought that the 
questions were always clear and easy to understand, and 50 % thought they were almost 
always understandable. 8 % of students replied that questions were sometimes 
understandable and sometimes not. Furthermore, 79 % of students said that questions were 
medium-difficult, 13 % thought they were easy, and 8 % that they were tough questions. 

In one of the questions, the students compared electronic-assessment with the traditional 
oral exam. Almost half of the students (46 %) thought that the electronic-assessment of 
knowledge was easier than the classical one, 45 % said that it was easier and of higher 
quality, one student said it was of higher quality but difficult, and four students replied that 
it was easier but of a lesser quality than the classical oral exam. More than half of the 
students (68 %) felt less stressed at an e-examination as they had to confront the lecturer at a 
classical oral exam but more than a quarter of the students did not feel psychological 
burdened themselves by the e-test. 

For the essay-type questions students gave their opinions on: 

 information about the Course activities through Moodle, 
 e-test failure, 
 advantages and disadvantages of e-assessing knowledge. 

The students mainly said that the information was clear enough, effective, and practical. 
They wanted to have such information at other courses. The reasons for failures in e-tests 
were the lack of learning, reluctance at the exam, superficiality, difficult questions, and 
absence from lectures. 

The advantages of the e-examination were: 

 on-going learning, 
 instant feedback of the results, 
 less time to learn, 
 you are not under stress. 

The disadvantages were: 

 ambiguous questions and answers, 
 quickly forget the theory, 
 no possibility of repeating e-tests, 
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 reading the question wrongly. 

From among the 109 students who started the electronic-assessment of their knowledge at 
CSC and PC I, 78 students (72 %) finished all e-tests successfully, 19 students (17 %) resigned 
from electronic-assessment because of negative grades, and 12 students (11 %) resigned 
from e-assessment because they changed their mind about such a kind of assessment or 
study, in general. Some students also realised that such a kind of work is too difficult for 
them. 

The analysis of 116 active students i.e. those who finished the experimental computer work 
in the computer room, after completing the lectures at CSC and PC I, showed that 78 of 
them completed all the e-tests successfully. The others (38 of the active students or 33 %) 
had to move to the classical oral exam. The results showed that the lecturers’ workloads 
regarding oral examinations decreased by 67 %. So, what does this mean in hours regarding 
lecturers’ workloads? When you consider that one student needs approximately half an 
hour for a classical oral examination, 78 students meant 39 less hours needed for oral 
examinations, which is almost one working week. Within such a time-period, a lecturer 
could do other things e.g. research work, additional notes regarding course material, 
prepare new problems for written exams etc. It is also important to point out that the 
students saved time, too. They did not need extra time at the Faculty for the examination, so 
they saved time and money on bus or train tickets, or fuel if they had a car. 

3.2 The response of the teaching staff to e-learning 

Enthusiasm for introducing new methods into the educational process is not as great 
amongst the teaching staff as with the students. This was already apparent at the time of the 
ELEUM application. The first responses from the lecturers and assistants were obtained at 
the end of the academic year 2005/2006, on the basis of a questionnaire which was sent to all 
teaching staff at the Faculty. The results showed that half of the teaching staff was 
completely disinterested in e-learning or they were so occupied with other duties that they 
had no time to answer the questionnaire (Krajnc, 2009). The other half showed resistance to 
use of electronic-teaching tools within their courses. 

Anyway, awareness of electronic-teaching and learning has expanded among the staff from 
year to year. The more experienced lecturers in e-learning are constantly encouraging 
colleagues towards the new method of working. The application of different activities 
within e-learning are presented every year at the "Slovenian Chemical Days, Conference" which 
takes place at the FCCE in Maribor every autumn.  The Computer Centre of the UM, 
Department for e-learning, prepares learning workshops three times a year. Recently, in 
December 2010, a Workshop on the electronic-teaching environment Moodle’s usage was 
held at FCCE in Maribor. The Workshop was led by a lecturer of the Faculty who has many 
years experiences in e-learning. The participation of the teaching staff was very low. Only 
six lecturers and assistants were interested in Moodle application during the pedagogical 
process. At the end of the Workshop, participants filled-in an electronic questionnaire which 
included six questions concerning Moodle’s application. On the question »How often do you 
use Moodle?« one answered several times a year, two of them replied never, and three of 
them said once a week. Their knowledge of Moodle was estimated at a 1,7 grade on a five 
point scale (1-insufficient, 2-sufficient, 3-well, 4-very good, 5-excellent). They said, they used 
Moodle: 
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 for informing and sending exam grades, 
 for the publication of study materials, 
 for questionnaires, 
 for displaying a list of students. 

On the question »Do you mean that Moodle facilitates the implementation of work and saves time?« 
three of them agreed, one said it does not save time but facilitates the implementation of the 
pedagogic process, two of them could not agree or disagree with the statement as they had 
not used Moodle yet. Four participants of the Workshop knew that UM organises 
educational workshops on Moodle application three times a year but they had not 
participated in any of them yet. Two participants knew and already participated to them. 
The answers on the question »Why don’t you use Moodle more often?« were similar i.e. they 
did not have enough time for additional education and they did not know enough about the 
Moodle application. 

3.3 Multimedia e-text-books (e-material) 

Because at e-learning, students’ educations are largely left to them, text-books should be 
prepared in appropriate forms. Beside electronic learning environments and its tools and 
activities, which could be used within the learning process, multimedia electronic text-
books are useful tools, which additionally implement the education process. A lot of 
sources and modules can be inserted into such text-books such as: video, animations, 
internet links, short quizzes with different type of questions etc. In general, learning with 
multimedia e-materials is more motivated and successful compared with live lessons or 
other media (video, simulation, and a combination of graph and audio presentations), 
which enable easier learning. Such material adapts students to various learning styles and 
facilitates a constructive and enquiry-based approach to learning (Clark & Feldon, 2005; 
Krnel & Bajd, 2009). When students use multimedia e-text-books, they can better prepare 
themselves for examinations. Usually, they easily pass e-tests, oral, and written exams 
and colloquiums. 

A quality multimedia e-text-book may only be prepared by the lecturer who teaches the 
subject. The preparation of an e-text-book is a great challenge, but interesting and 
responsible work, which takes a lot of time and effort. The lecturer often asks 
himself/herself what information should be  included in e-material. He/she needs to be 
aware that the content should be clear and concise. Because multimedia e-material may 
contain animations, quizzes, online links etc., the lecturer should know where and how to 
enter these tools. His/her skills and knowledge of using them should be comprehensive.  

An example of a multimedia e-chapter has already been created for the Process Synthesis 
Course at the FCCE in Maribor. The chapter is entitled Reaction-path Synthesis and it is an 
electronic version of the chapter, which is included in the classic text-book, and is usually 
available to students. The lecturer wanted to know how students will accept this version 
and what the study results will be achieved. Different types of electronic modules are 
included within the e-material as: cloze activities, multi-choice type questions, external web-
sites, true-false questions, wiki articles, and reading activities. The eXe-learning XHTML 
editor was used for creating the multimedia e-chapter (New Zealand Government Tertiary 
Education Commission et al., 2011). 
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During the academic years 2008/2009, 2009/2010 and 2010/2011, a group of students who 
had the possibility of using the multimedia e-chapter on the Process Synthesis Course, gave  
feedback about its usage to the lecturer on the basis of a questionnaire. It consisted of 8 
questions, 5 of which were multiple-choice questions, and 3 essay-type questions. The 
questionnaire was filled-in by 53 students. Among these were also those who had not used 
the e-chapter. The main reason why they had not used it was that they did not know that 
such a kind of chapter even existed, because they had not followed the news and 
instructions on Moodle, regularly.  

The results showed that students mainly used both possibilities for learning i.e. the chapter 
in classical text-book, which is available, and the multimedia electronic chapter (72 %). Of 
those students who used the multimedia e-chapter, 77 % thought that such a kind of chapter 
was more appropriate for learning than the classical chapter because it consists of modules 
for dynamic learning, and 88 % said that they needed less time for studying the chapter 
material with the e-chapter in comparison with the classical one. More theory was retained 
in the memory. The same number of students realised that the multimedia e-chapter usage 
was a good preparation for the electronic-assessment of knowledge. 

On the question as to why they did or did not use the multimedia e-chapter, students gave 
different answers.  

One student said: »The content in the multimedia e-chapter is more transparent and regulated. 
Learning is more friendly.« 

Another replied: »It is great because you can check your knowledge.« 

One student thought: »I prefer the classic way of learning from my notes where I can underline the 
important things, and annotate the notes.« 

Another replied: »I like the colour-coded words in the e-chapter.« 

The answer of one student was interesting: »Such learning is tiring for the eyes. You have to look 
at the screen continuously.« 

4. Conclusion 
Undergraduate-study reforms have placed the student at the centre of the education 
process. The curricula have been mainly reduced, so that students themselves undertake 
more responsibilities for better study results. For this reason, the traditional methods of 
teaching and learning should now be supplemented by non-traditional methods and 
technologies. These include active and cooperative learning, project work, and e-learning, 
which help students achieve better results. Students at the FCCE in Maribor, Slovenia now 
have significant experience with non-traditional learning methods, especially with e-
learning. They use electronic-learning environments and e-materials, which enable 
communication between lecturer-student and the assessment of knowledge. Different kinds 
of e-tools enable the students to obtain good study results. Since the Chapter focuses on the 
experiences of e-learning usage from both the students’ and pedagogic staffs’ points of view, 
the electronic environments, and their functionalities were not presented in detail. They 
have already been described in other sources (Krajnc, 2006; Krajnc, 2009). 
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Students’ feedback on the multimedia electronic-chapter of the text-book showed that such a 
kind of e-material contributes to a better understanding of the subject’s content and can 
better prepare them for electronic and classical examinations. Students who choose the 
electronic manner for learning usually finish their course obligations within the course time-
frame or within one or two weeks after finishing the lectures. For this reason, more time is 
left for other courses.  

Good study results were obtained with on-going electronic-assessment of knowledge, 
especially at Bologna Courses within the first and second semesters of a study year, when a 
lot of students are enrolled. It is important that students are not forced into new ways of 
working because this can lead to stress, but rather allow them to always choose between the 
traditional way of learning with the text-books. 

The pedagogic staff at the FCCE in Maribor already have seven years of experience in e-
learning. The results show that the incorporation of electronic-learning environments into 
education process improves lectures and the quality and efficiency of the study. E-learning 
leads to a heavier workload for the lecturer at the start, but this reduces over time. 

Electronic-learning environments offer a lot of modules and activities that require the 
continuous enhancement of lecturers’ knowledge. Pedagogic staff at the FCCE have the 
opportunity to enhance their skills through various workshops organised by the UM or the 
Faculty. 

There are challenges for the future. The lecturers who already successfully use e-learning 
during their courses should encourage other colleagues to use new methods of learning. 
Sceptic lecturers should know about e-learning implemented lectures to make them more 
dynamic. The great challenge is to convince lecturers that pedagogic work is also research 
work like other scientific research. It is recommended that pedagogic staff focus their efforts 
and time on multimedia e-material production. The faster tempo of life namely shows that, 
it will be necessary to optimise study time, so the use of quality multimedia e-text-books 
will be inevitable in the future. 

5. References 
Clark, R. E. & Feldon, D. F. (2005). Five Common but Questionable Principles of Multimedia 

Learning, In: The Cambridge Handbook of Multimedia Learning, Mayer, R. E. (Ed.), pp. 
97-116, Cambridge University Press, ISBN 0-521-83873-8, ISBN 0-521-54751-2, New 
York. 

Dongil, S., Yoon, E. S., Park, S. J. & Lee, E. S. (2000). Web-based interactive virtual laboratory 
system for unit operations and process system engineering education, Computers 
and Chemical Engineering, Vol. 24, No. 2-7, pp.  1381-1385, ISSN: 0098-1354. 

Dougiamas, M. (1999). Moodle (Modular Object-Oriented Dynamic Learning Environment), 
In: online, July 2011, https://estudij.uni-mb.si 

Excell, P. S. (2000). Experiments in the use of multiple-choice examinations for 
electromagnetics-related topics, IEEE Trans. Education, Vol. 43, No. 3, pp. 250-256, 
ISSN: 0018-9359. 

 
E-Learning Usage During Chemical Engineering Courses 

 

137 

Felder, R., Woods, D. R., Stice, J. E. & Rugarcia, A. (2000). The future of Engineering 
Education, Part 2. Teaching Methods that work, Chem. Engr. Education, Vol. 34, No. 
1, pp. 26-39. ISSN: 0009-2479. 

Floyed Smith, T., Baah, D., Bradley, J., Sidler, M., Hall, R., Daughtrey, T. & Curtis, C. (2000). 
A Synchronous Distance Education Course for Non-Scientists Coordinated Among 
Three Universities, Chem. Engr.  Education, Vol. 44, No. 1, pp. 30-34. ISSN: 0009-
2479. 

Granda, J. C., Uria, C., Suarez, F. J. & Garcia, D. F. (2010). Supporting Technologies for 
Synchronous E-learning,  In: E-learning Experiences and Future, Soomro, S. (ed.), pp. 
111-128, InTech, ISBN 978-953-307-092-6. 

Hadley, K. R. & Debelak, K. A. (2009). Wiki Technology as a design tool for a Capstone 
Design Course, Chem.  Engr.  Education, Vol. 43, No. 3, pp. 194 – 200. ISSN: 0009-
2479. 

Hussmann, S., Covic, G. & Patel N. (2004). Effective Teaching and Learning in Engineering 
Education using a Novel Web-based Tutorial and Assessment Tool for Advanced 
Electronics, Int. J. Eng. Ed., Vol. 20, No. 2, pp. 161-169. ISSN: 0949-149X. 

Krajnc, M. (2006). Incorporating e-learning into educational process, Proceedings of CHISA 
2006 on CD-ROM, Prague, August 2006. ISBN 80-86059-45-6. 

Krajnc, M. (2008). Electronic assessment of knowledge in chemical engineering courses, 
Proceeding of CHISA 2008 on CD-ROM, Prague, August 2008. ISBN 978-80-02-02047-
9. 

Krajnc, M. (2009). E-learning Environment Integration in the Chemical Engineering 
Education Process, Int. J. Eng. Ed., Vol. 25, No. 2, pp.  349-357. ISSN: 0949-149X. 

Krnel, D. & Bajd, B. (2009). Learning and e-materials, Acta Didactica Napocensia, Vol. 2, No. 1, 
pp.  97-107. ISSN 2065-1430. 

Lau, H. Y. K. & Mak, K. L. (2005). A Configurable E-learning System for Industrial 
Engineering, Int. J. Eng. Ed., Vol. 21, No. 2, pp. 262-276. ISSN: 0949-149X. 

Le Roux, G. A. C., Reis, G. B., de Jesus, C. D. F., Giordano, R. C., Cruz, A. J. G., Moreira Jr., P. 
F., Nascimento, C. A. O. & Loureiro, L. V. (2010). Cooperative Weblab: A Tool for 
Cooperative Learning in Chemical Engineering in a Global Environment, Chem. 
Engr. Education, Vol. 44, No. 1, pp. 9-12. ISSN: 0009-2479. 

Maurice, S. A. & Lissel, S. (2006). Evaluating Online Testing Technology, Int. J. Eng. Ed., Vol. 
22, No. 4, pp. 839-848. ISSN: 0949-149X. 

New Zealand Government Tertiary Education Commission, The Auckland University, The 
Auckland University  and Technology, Tairawhiti Polytechnic. (2001). eXe-the 
learning XHTML editor. In: online. July 2011, Available from:  

 http://exelearning.org/wiki 
Paik, W., Lee,  J. Y. & McMahon, E. (2004). Facilitating Collaborative Learning in Virtual 

(and Sometimes Mobile) Environments, Proceedings of WISE 2004 International 
Workshops, Brisbane, Australia, November 2004. 

Peat, M. (2000). Towards first year biology online: a virtual learning environment. 
Educational Technology & Society, Vol. 3, No. 3, pp. 203-207. ISSN 1436-4522. 

Pei-Chen, S., Tsai, R.  J.,  Finger, G.,  Yueh-Yang, C. & Yeh, D. (2008). What drives a succeeful 
e-Learning? An empirical investigation of the critical factors influencing learner 
satisfaction.  Computers & Education , Vol. 50, No. 4, pp. 1183-1202. ISSN: 0360-1315. 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 

 

136 

Students’ feedback on the multimedia electronic-chapter of the text-book showed that such a 
kind of e-material contributes to a better understanding of the subject’s content and can 
better prepare them for electronic and classical examinations. Students who choose the 
electronic manner for learning usually finish their course obligations within the course time-
frame or within one or two weeks after finishing the lectures. For this reason, more time is 
left for other courses.  

Good study results were obtained with on-going electronic-assessment of knowledge, 
especially at Bologna Courses within the first and second semesters of a study year, when a 
lot of students are enrolled. It is important that students are not forced into new ways of 
working because this can lead to stress, but rather allow them to always choose between the 
traditional way of learning with the text-books. 

The pedagogic staff at the FCCE in Maribor already have seven years of experience in e-
learning. The results show that the incorporation of electronic-learning environments into 
education process improves lectures and the quality and efficiency of the study. E-learning 
leads to a heavier workload for the lecturer at the start, but this reduces over time. 

Electronic-learning environments offer a lot of modules and activities that require the 
continuous enhancement of lecturers’ knowledge. Pedagogic staff at the FCCE have the 
opportunity to enhance their skills through various workshops organised by the UM or the 
Faculty. 

There are challenges for the future. The lecturers who already successfully use e-learning 
during their courses should encourage other colleagues to use new methods of learning. 
Sceptic lecturers should know about e-learning implemented lectures to make them more 
dynamic. The great challenge is to convince lecturers that pedagogic work is also research 
work like other scientific research. It is recommended that pedagogic staff focus their efforts 
and time on multimedia e-material production. The faster tempo of life namely shows that, 
it will be necessary to optimise study time, so the use of quality multimedia e-text-books 
will be inevitable in the future. 

5. References 
Clark, R. E. & Feldon, D. F. (2005). Five Common but Questionable Principles of Multimedia 

Learning, In: The Cambridge Handbook of Multimedia Learning, Mayer, R. E. (Ed.), pp. 
97-116, Cambridge University Press, ISBN 0-521-83873-8, ISBN 0-521-54751-2, New 
York. 

Dongil, S., Yoon, E. S., Park, S. J. & Lee, E. S. (2000). Web-based interactive virtual laboratory 
system for unit operations and process system engineering education, Computers 
and Chemical Engineering, Vol. 24, No. 2-7, pp.  1381-1385, ISSN: 0098-1354. 

Dougiamas, M. (1999). Moodle (Modular Object-Oriented Dynamic Learning Environment), 
In: online, July 2011, https://estudij.uni-mb.si 

Excell, P. S. (2000). Experiments in the use of multiple-choice examinations for 
electromagnetics-related topics, IEEE Trans. Education, Vol. 43, No. 3, pp. 250-256, 
ISSN: 0018-9359. 

 
E-Learning Usage During Chemical Engineering Courses 

 

137 

Felder, R., Woods, D. R., Stice, J. E. & Rugarcia, A. (2000). The future of Engineering 
Education, Part 2. Teaching Methods that work, Chem. Engr. Education, Vol. 34, No. 
1, pp. 26-39. ISSN: 0009-2479. 

Floyed Smith, T., Baah, D., Bradley, J., Sidler, M., Hall, R., Daughtrey, T. & Curtis, C. (2000). 
A Synchronous Distance Education Course for Non-Scientists Coordinated Among 
Three Universities, Chem. Engr.  Education, Vol. 44, No. 1, pp. 30-34. ISSN: 0009-
2479. 

Granda, J. C., Uria, C., Suarez, F. J. & Garcia, D. F. (2010). Supporting Technologies for 
Synchronous E-learning,  In: E-learning Experiences and Future, Soomro, S. (ed.), pp. 
111-128, InTech, ISBN 978-953-307-092-6. 

Hadley, K. R. & Debelak, K. A. (2009). Wiki Technology as a design tool for a Capstone 
Design Course, Chem.  Engr.  Education, Vol. 43, No. 3, pp. 194 – 200. ISSN: 0009-
2479. 

Hussmann, S., Covic, G. & Patel N. (2004). Effective Teaching and Learning in Engineering 
Education using a Novel Web-based Tutorial and Assessment Tool for Advanced 
Electronics, Int. J. Eng. Ed., Vol. 20, No. 2, pp. 161-169. ISSN: 0949-149X. 

Krajnc, M. (2006). Incorporating e-learning into educational process, Proceedings of CHISA 
2006 on CD-ROM, Prague, August 2006. ISBN 80-86059-45-6. 

Krajnc, M. (2008). Electronic assessment of knowledge in chemical engineering courses, 
Proceeding of CHISA 2008 on CD-ROM, Prague, August 2008. ISBN 978-80-02-02047-
9. 

Krajnc, M. (2009). E-learning Environment Integration in the Chemical Engineering 
Education Process, Int. J. Eng. Ed., Vol. 25, No. 2, pp.  349-357. ISSN: 0949-149X. 

Krnel, D. & Bajd, B. (2009). Learning and e-materials, Acta Didactica Napocensia, Vol. 2, No. 1, 
pp.  97-107. ISSN 2065-1430. 

Lau, H. Y. K. & Mak, K. L. (2005). A Configurable E-learning System for Industrial 
Engineering, Int. J. Eng. Ed., Vol. 21, No. 2, pp. 262-276. ISSN: 0949-149X. 

Le Roux, G. A. C., Reis, G. B., de Jesus, C. D. F., Giordano, R. C., Cruz, A. J. G., Moreira Jr., P. 
F., Nascimento, C. A. O. & Loureiro, L. V. (2010). Cooperative Weblab: A Tool for 
Cooperative Learning in Chemical Engineering in a Global Environment, Chem. 
Engr. Education, Vol. 44, No. 1, pp. 9-12. ISSN: 0009-2479. 

Maurice, S. A. & Lissel, S. (2006). Evaluating Online Testing Technology, Int. J. Eng. Ed., Vol. 
22, No. 4, pp. 839-848. ISSN: 0949-149X. 

New Zealand Government Tertiary Education Commission, The Auckland University, The 
Auckland University  and Technology, Tairawhiti Polytechnic. (2001). eXe-the 
learning XHTML editor. In: online. July 2011, Available from:  

 http://exelearning.org/wiki 
Paik, W., Lee,  J. Y. & McMahon, E. (2004). Facilitating Collaborative Learning in Virtual 

(and Sometimes Mobile) Environments, Proceedings of WISE 2004 International 
Workshops, Brisbane, Australia, November 2004. 

Peat, M. (2000). Towards first year biology online: a virtual learning environment. 
Educational Technology & Society, Vol. 3, No. 3, pp. 203-207. ISSN 1436-4522. 

Pei-Chen, S., Tsai, R.  J.,  Finger, G.,  Yueh-Yang, C. & Yeh, D. (2008). What drives a succeeful 
e-Learning? An empirical investigation of the critical factors influencing learner 
satisfaction.  Computers & Education , Vol. 50, No. 4, pp. 1183-1202. ISSN: 0360-1315. 



 
E-Learning – Engineering, On-Job Training and Interactive Teaching 

 

138 

Richardson, W. (2006). Blogs, Wikis, Podcasts, and other Powerful Web Tools for Classrooms (2nd 
Ed.), Corwin Press, ISBN 1-4129-2767-6, Thousand Oaks, CA. 

Rodríguez, F., Berenguel, M. &  Guzmán, J. L. (2006). A Virtual Course on Automation of 
Agricultural Systems, Int. J. Eng. Ed., Vol. 22, No. 6, pp. 1197-1210. ISSN: 0949-149X. 

Rossiter, D., Petrulis, R. & Biggs, C. A. (2010). A Blended Approach to Problem-Based 
Learning in the Freshman Year, Chem. Engr. Education, Vol. 44, No. 1, pp. 23-29. 
ISSN: 0009-2479. 

Schaad, D. E., Franzoni, L. P., Paul, C., Bauer, A. &  Morgan, K. (2008). A Perfect Storm:  
Examining Natural Disasters by Combining Traditional Teaching Methods with 
Service-Learning and InnovativeTechnology, Int. J. Eng. Ed., Vol. 24, No. 3, pp. 450 
– 465. ISSN: 0949-149X. 

Selmer, A., Kraft, M., Moros, R. & Colton C. K. (2007). Weblabs in Chemical Engineering 
Education,  Trans IchemE, part D, Education for Chemical Engineers, Vol. 2, No. 1, 
(January  2007), pp. 38-45. ISSN: 1749-7728. 

9 

Interactive WhiteBoard: 
Effective Interactive Teaching Strategy 

Designs for Biology Teaching 
Kai-Ti Yang1 and Tzu-Hua Wang2,* 

1National Taiwan Normal University 
2National HsinChu University of Education 

Taiwan (R.O.C.) 

1. Introduction 
The goal of this chapter is to design interactive teaching strategies with Interactive 
WhiteBoard (IWB) and investigate their effectiveness on Biology teaching. In recent years, 
with the rapid development of Information Communication Technology (ICT), integrating 
multimedia presentation tools to perform better teaching has become easier in today’s 
classroom. Among many ICT systems, the innovation and introduction of IWB has not only 
changed the traditional classroom but symbolizes a key revolution in the history of 
whiteboard development.  Researchers have identified a number of advantages of using 
IWB in teaching and learning: flexibility and versatility, multimedia/multimodal 
presentation, improving teaching efficiency, supporting planning and the development of 
resources, improving students’ skills of using ICT technology, interactivity and participation 
during course, improving students’ learning motivation, and improving students’ 
understanding (BECTA, 2007; Glover, Miller, Averis, & Door, 2005; Holmes, 2009; 
Northcote, Mildenhall, Marshall, & Swan,2010;Slay, Sieborger, & Hadgkinson-Williams, 
2008; Smith, Higgins, Wall, & Miller, 2005; Wall, Higgins, Smith, 2005). The IWB realizes 
interactive operations between the whiteboard and the computer. It has become a new 
interface to consolidate all teaching resources in a traditional classroom. Many countries, 
such as the United Kingdom, Japan, Singapore, Malaysia, China, and Russia, have invested 
heavily in the IWB and attempted to implement it in schools of all levels. In Taiwan, the 
government also invests a large amount of money to introduce IWB into classrooms. Since 
2006, the Taiwan’s Ministry of Education officially announced that more than $50 million 
NTD (roughly $15 million USD) would be invested in promoting the preliminary 
integration of IWB into instruction. Following the trend of integrating IWB into teaching, 
this research tries to understand how to make good use of the advantages of IWB to make 
students have better learning effectiveness on junior high school Biology. 

Among the topics of junior high school Biology, cell division, photosynthesis, cell respiration, 
food chain, food web and evolution are the topics difficult to teach and learn. Both teachers 
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NTD (roughly $15 million USD) would be invested in promoting the preliminary 
integration of IWB into instruction. Following the trend of integrating IWB into teaching, 
this research tries to understand how to make good use of the advantages of IWB to make 
students have better learning effectiveness on junior high school Biology. 

Among the topics of junior high school Biology, cell division, photosynthesis, cell respiration, 
food chain, food web and evolution are the topics difficult to teach and learn. Both teachers 
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and students believe that cell division is most difficult to learn of all topics (Oztap, Ozay, & 
Oztap, 2003). Many related studies have shown that students of different ages and in different 
grades all have a poor understanding of cell division (Lewis, Leach, Wood-Roinson, 2000a, b; 
Lewis & Wood-Roinson, 2000; Smith, 1991). Lewis et al. (2000a, b) pointed out that students 
had a poor understanding of cell division because they are not clear about the basic structures 
of genetics and therefore easily become confused about the terminology. Lewis et al. argued 
that students will be able to develop a better understanding if these basic structures are clearly 
presented. Brown (1995) and Oztap et al. (2003) noted that teaching needs to emphasize the 
dynamic nature of the cell division using a variety of teaching aids such as photographs, film 
and videos, particularly time-lapse phase contrast microscopy, to demonstrate the change of 
the chromosomes at different stages of cell division and build chromosome models so that it 
will be easier for students to overcome learning difficulties. 

The major advantages of IWB indicated in the literature and their potential in Biology 
teaching are explained as follows (BECTA, 2007; Glover et al., 2005; Holmes, 2009; Northcote 
et al., 2010; Slay et al., 2008; Smith et al., 2005; Wall et al., 2005) : 

Advantage 1: Flexibility and versatility 

The IWB can be used in teaching students of different ages and for different topics. Its 
functions, including making notes, flipping back and forth to review material, saving the 
drawings and texts, and moving the intended objects and focusing on them. It can improve 
flexibility and versatility of teaching. Therefore, IWB is suitable for teaching high school 
Biology courses. In addition, IWB can focus on specified content and enlarge multimedia 
objects based on teacher and student needs. Notes can also be made on the content through 
the IWB screen. Moreover, teachers can record the teaching process (including the notes) 
and interactions with students for later review. 

Advantage 2: Multimedia/Multimodal presentation 

The IWB is a new interface integrating all teaching resources. Its built-in teaching software 
and dynamic multimedia presentation can attract students’ attention and help them 
understand abstract concepts. In Biology teaching, the visual nature of IWB presentations 
can improve student learning by delivering micro or dynamic representations of abstract 
concepts such as the process of cell division or the structures and functions inside bodies 
such as blood circulation. IWB also supports multimedia and multimodal presentation. 
Multiple representations can be simultaneously shown on the screen to satisfy needs of 
students with different learning styles. 

Advantage 3: Improving teaching efficiency 

Teachers can present many multimedia resources on the IWB to improve teaching efficiency. 
For example, the structures of chromosomes can be presented using images, videos or 3D 
models to help students build chromosome models. In addition, students can use the IWB to 
improve and facilitate their learning process. Teachers can design teaching activities for the 
IWB, which may help students actively think and operate the IWB. For example, teachers 
can provide unfinished flow charts about the process of cell division for students to 
complete through discussion. Teachers can also provide students pictures about 
chromosomes’ changes in each stage of cell division and make them arrange the pictures in 
right order and explain how the quantity of DNA and chromosome changes. 
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Advantage 4: Supporting planning and the development of resources 

The IWB has a large teaching material resource database where teachers can access various 
animations and music for different subjects, such as frog anatomy, and use them to develop 
digital materials for teaching activities. 

Advantage 5: Improving students’ skills of using ICT technology 

Teachers can use the IWB to help students better engage in the learning environment. 
Students can improve their skills in using ICT by discussing with peers or observing 
teachers’ and peers’ operation. 

Advantage 6: Interactivity and participation during course 

The interactivity enabled by IWB can improve interaction in classroom and make students 
and teachers feel closer to each other. They can have more eye-contact than using laptops 
and teachers are therefore more able to control the classroom. Moreover, the IWB is more 
beneficial to the teaching of subjects involving many inquiry activities and requiring 
extensive participation of students, such as science subjects. 

Advantage 7: Improving students’ learning motivation 

The IWB’s ability to dynamically integrate audio and visual presentation can make teaching 
activities more lively and realistic. Compared with common 2D presentations and textbooks, 
IWB can better attract students’ attention and enhance their learning motivation. 

Advantage 8: Improving students’ understanding 

The IWB is characterized by visual nature and supports multiple representations, which not 
only attracts students’ attention but improves their understanding of the topics. For 
example, an IWB can simultaneously show on its large screen the 2D pictures of 
chromosome structures and a 3D video demonstrating the relation between chromosomes, 
genes and genetic information. This can not only improve understanding of students with 
different learning styles but enhance their ability to interpret the relationship between the 
2D pictures and the 3D video by combining the information they deliver. 

The abovementioned advantages of integrating IWB into the teaching of junior high school 
Biology courses show that introducing IWB into the classroom will be able to provide teachers 
with a way to present the dynamic nature of cell division, and the relationships between cells, 
chromosomes, genes and genetic information with multimedia and multimodal 
representation. Students can in turn develop a thorough concept structure. Moreover, IWB’s 
high interactivity facilitates student participation in learning and promotes their learning 
motivation. With this in mind, in this research we design digital teaching materials and 
activities that use the IWB to teach cell division, in order to investigate the viability and 
effectiveness of integrating IWB into the teaching of cell division. This research adopts a quasi-
experimental design to investigate the effectiveness of IWB-integrated instruction and 
traditional ICT-integrated instruction on junior high school Biology teaching. 

2. Methodology 
This section introduces the participants, instruments, research design, and data collection 
and analysis of this research.  
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Advantage 4: Supporting planning and the development of resources 
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digital materials for teaching activities. 
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Students can improve their skills in using ICT by discussing with peers or observing 
teachers’ and peers’ operation. 
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The interactivity enabled by IWB can improve interaction in classroom and make students 
and teachers feel closer to each other. They can have more eye-contact than using laptops 
and teachers are therefore more able to control the classroom. Moreover, the IWB is more 
beneficial to the teaching of subjects involving many inquiry activities and requiring 
extensive participation of students, such as science subjects. 
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example, an IWB can simultaneously show on its large screen the 2D pictures of 
chromosome structures and a 3D video demonstrating the relation between chromosomes, 
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different learning styles but enhance their ability to interpret the relationship between the 
2D pictures and the 3D video by combining the information they deliver. 
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Biology courses show that introducing IWB into the classroom will be able to provide teachers 
with a way to present the dynamic nature of cell division, and the relationships between cells, 
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2.1 Participants 

Fifty-four junior high school seventh graders participated in this study. Adopting a quasi-
experimental design, this study divided the participating students into two groups, the IWB 
group (n=27) and the T group (n=27). The T group received traditional ICT-integrated 
instruction, which means the teacher lectured by projecting Microsoft PowerPoint slides 
onto the projection screen. The IWB group received IWB-integrated instruction.  

2.2 Instruments 

2.2.1 Interactive Whiteboard (IWB) - SmartBoardTM 

The IWB used in this study is the SmartBoardTM made by a Canadian company, SMARTTM 
Technologies, using analog resistive technology. The whiteboard is connected to a notebook 
or a computer through the USB cable, and then the notebook or computer is connected to 
the projector. Signals of the projector are projected onto the IWB. By adjusting the IWB, 
teachers can operate the computer by touching the IWB, as shown in Figure 1. The IWB can 
immediately save the written texts, drawings and other messages on the IWB panel to the 
connected computer.  

 
Fig. 1. Interactive Whiteboard system structure and operation 

2.2.2 Digital teaching materials and teaching method 

Teaching materials used in this study focus on the ‘Cell Division’ topic of junior high school 
Biology course in Taiwan. Teaching contents cover three sub-topics: ‘Chromosome and Its 
Importance,’ ‘The Role of Mitosis’ and ‘Meiosis and Sexual Life Cycle.’ Teaching materials 
for ‘Chromosome and Its Importance’ focus on the following concepts: chromosomes are 
located in nucleus; chromosomes contain heredity substances – genes to determine 
individual’s traits; chromosome number varies with species; homologous chromosomes. 
‘The Role of Mitosis’ and ‘Meiosis and Sexual Life Cycle’ primarily aim to enable students to 
understand when mitosis and meiosis happen and the significance of the two kinds of cell 
division. 
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The digital teaching materials designed in this study are mainly images, pictures and Adobe 
Flash animations. Materials used by the two groups included the same concepts, and both 
groups were lectured by the same teacher. The main difference is that in the IWB group, the 
digital teaching materials can be used on the NoteBookTM software, which is provided by 
SMARTTM Technologies. Further, the teacher can interact with the students through the IWB 
screen. In the T group, the digital teaching materials are presented for teaching in the 
traditional way of using a projector to project PowerPoint slides onto the screen, and 
interaction between the teacher and students is limited to verbal communication. The 
teaching methods of the IWB and the T group are explained below.  

2.2.2.1 Teaching method of IWB group 

Prior to teaching, students have prior knowledge about cells. They know that the nucleus is 
related to heredity but are not clear about its contents. Lewis et al. (2000a, b) pointed out 
that junior high school students are not clear about the relationship between the cell, 
chromosomes and genetic information. If students would like to develop a coherent 
conceptual framework for a better understanding of genetics and inheritance, they first must 
have a clear understanding if the relationship between the basic structures – cell, nucleus, 
chromosome and gene. Therefore, in ‘Chromosome and Its Importance,’ the teacher enables 
the students understand the relationship between the cell, the nucleus, chromatins, 
chromosomes, genes and genetic information through the images from microscopes and 2D 
pictures. Moreover, to enhance student understanding of the relationship between the cell, 
the nucleus, chromosomes and genes, the teacher designs activities that call for the students 
to answer questions and touch the IWB to collaboratively match the genetic structures. This 
section also includes the interpretation and application of DNA fingerprint. The teacher also 
designs an activity to make students work together to identify the blood relationship 
between a child and his parents through the knowledge about DNA fingerprint and explain 
the reasons for peers (Figure 2). Moreover, to resolve student misconceptions about sex  

 
Fig. 2. Students are learning in IWB group 
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2.1 Participants 

Fifty-four junior high school seventh graders participated in this study. Adopting a quasi-
experimental design, this study divided the participating students into two groups, the IWB 
group (n=27) and the T group (n=27). The T group received traditional ICT-integrated 
instruction, which means the teacher lectured by projecting Microsoft PowerPoint slides 
onto the projection screen. The IWB group received IWB-integrated instruction.  

2.2 Instruments 

2.2.1 Interactive Whiteboard (IWB) - SmartBoardTM 

The IWB used in this study is the SmartBoardTM made by a Canadian company, SMARTTM 
Technologies, using analog resistive technology. The whiteboard is connected to a notebook 
or a computer through the USB cable, and then the notebook or computer is connected to 
the projector. Signals of the projector are projected onto the IWB. By adjusting the IWB, 
teachers can operate the computer by touching the IWB, as shown in Figure 1. The IWB can 
immediately save the written texts, drawings and other messages on the IWB panel to the 
connected computer.  

 
Fig. 1. Interactive Whiteboard system structure and operation 

2.2.2 Digital teaching materials and teaching method 

Teaching materials used in this study focus on the ‘Cell Division’ topic of junior high school 
Biology course in Taiwan. Teaching contents cover three sub-topics: ‘Chromosome and Its 
Importance,’ ‘The Role of Mitosis’ and ‘Meiosis and Sexual Life Cycle.’ Teaching materials 
for ‘Chromosome and Its Importance’ focus on the following concepts: chromosomes are 
located in nucleus; chromosomes contain heredity substances – genes to determine 
individual’s traits; chromosome number varies with species; homologous chromosomes. 
‘The Role of Mitosis’ and ‘Meiosis and Sexual Life Cycle’ primarily aim to enable students to 
understand when mitosis and meiosis happen and the significance of the two kinds of cell 
division. 
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chromosomes (X , Y chromosome) and autosomes identified by Lewis et al.(2000a), students 
are made to directly compare the karyotypes of male and female, circle the differences on 
the IWB themselves, and count the number of chromosomes. In addition, students are 
allowed to touch the species on the Adobe Flash animation whose chromosome number 
they would like to know. After comparison, they can come out with the conclusion that 
different species have different chromosome numbers and that the chromosome number 
does not imply a hierarchy of species (Figure 3). Finally, the concepts about homologous 
chromosomes, ploidy and alleles are introduced through human karyotypes. By dragging 
and making the separated homologous chromosomes together through the IWB, students 
will acquire a better understanding of the concept. In order to enable students to clearly 
identify concepts about alleles, this information is presented using cartoon pictures— In 
addition, the concept of ploidy is presented by having students compare the karyotypes of 
human somatic cells and germ cells. 

In ‘The Role of Mitosis,’ the Q and A teaching activities are used to help students 
understand the significance and process of mitosis. The IWB screen is divided into two parts. 
The left part presents the significance of mitosis, the process by which a cell is divided into 
two identical cells. On the right, the IWB displays the process of mitosis but does not show 
how the chromosomes change in the nucleus (see step1 in Figure 4). Instead, to enable 
students to think actively about the chromosome change in mitosis, the teacher adopts Q 
and A teaching activities that compel the students to answer the questions about 
chromosome changes in each stage (see step2 and step3 in Figures 4). Moreover, to clear 
students’ confusion about the terminology, students are made to match the terminology, 
including ‘chromosome duplication,’ ‘chromosomes convene on the metaphase plate,’  

 
Fig. 3. Screenshot of the teaching materials (Yang, Wang, & Chiu, 2011) 
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‘separation of sister chromatids’ and ‘one cell divides into two identical cells,’ with their 
corresponding stages (see step4 in Figures 4). Then, to make students have a deeper 
impression and understanding of the changes in ploidy, DNA quantity and chromosome 
number, pictures of each stage of mitosis are projected on the IWB screen for students to 
work together in assigning them to the mitosis process on the correct stages(see 1-5 in Figure 
5), explaining the reason for their operation, assigning the descriptions(see part A in Figure 
5) on the correct arrows (see part B in Figure 5), and then drawing diagrams about the 
changes in ploidy, DNA quantity and chromosome number (see part C in Figure 5). 

In ‘Meiosis and Sexual Life Cycle,’ the teacher also adopts Q and A teaching activities to 
enable the students to understand the significance of meiosis and when and where it 
happens. Human karyotypes are also used to help students understand that if meiosis does 
not occur in gametes before fertilization, the problem of tetraploidy may happen. Then 
students learn about meiosis using similar methods stated above. They are first guided to 
answer the chromosome change of meiosis stage by stage and then compare the differences 
between meiosis and mitosis. Students need to identity the following concepts about meiosis: 
‘chromosomes replicate once but divide twice,’ ‘there are four daughter cells,’ ‘homologs 
separate during anaphase I’ and ‘sister chromatids separate during anaphase II.’ They make 
notes on the IWB screen and understand the concept that meiosis is the main cause of 
genetic variation in the sexual life cycle. Moreover, by competing to answer questions   

 
Fig. 4. The four steps of teaching the concept of mitosis in IWB group. The big rectangles in 
this figure are the masks for the correct answers.  
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Fig. 5. Screenshot of the teaching materials for the concept of mitosis in IWB group 

and working together to complete the meiosis process, using similar methods stated above, 
students can familiarize themselves with the process of meiosis again. They are also 
required to draw the changes in the number of chromosome sets, chromosome numbers and 
the DNA quantity.  

Finally, to enable students to clearly distinguish mitosis from meiosis, the teacher makes 
two tables comparing the two kinds of cell division, sexual reproduction and asexual 
reproduction on IWB screen, and then has the students complete the tables collaboratively. 
Their commonalities and differences are presented explicitly, as suggested by Lewis et al. 
(2000a).  

2.2.2.2 Teaching method of T group 

The digital teaching materials used by the IWB group and the T group cover the same 
concepts and are presented by the same teacher. The main difference is that in the IWB 
group, the digital teaching materials can be used for teaching on the IWB, while in the T 
group, these digital teaching materials are presented in the traditional way of using a 
projector to project MicroSoft PowerPoint slides (PPT slides) onto the screen, and interaction 
between the teacher and students is limited to verbal communication. In other words, the 
IWB and T groups present the same teaching materials in the same order. The only 
difference is that in the IWB group, students are allowed to operate the IWB collaboratively 
during teaching activities. In the T group, students only answer questions verbally during Q 
& A teaching activities, and the teacher presents teaching materials with PPT slides one by 
one. Therefore, in the sub-topic of ‘Chromosome and Its Importance,’ teaching materials are 
all designed to enable students in the T group to learn the basic structures through pictures. 
However, in the IWB group, students compete to answer questions and do the matching 
about relationship between basic structures on the IWB. In the T group, after the teacher 
raises questions, students compete to answer and then the teacher uses simple animations 
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embedded in the PPT slides to present the relationship between basic structures. In addition, 
there is also a Q & A teaching activity after the teacher explains how to interpret and apply 
DNA fingerprint. After students compete to answer questions, the teacher shows the correct 
answers with the animations embedded in the PPT slides. Moreover, the teacher directly 
demonstrates the Adobe Flash animation illustrating that the location and contents of 
chromosomes and the chromosome number varies with species. 

In the sub-topic of ‘The Role of Mitosis,’ the Q & A teaching activities are used to help 
students understand the significance of mitosis. The screen of the PPT slide is divided into 
two parts. The left side of the screen shows the significance of cell division – a single cell is 
divided into two identical cells. The right side of the screen shows the diagram the process 
of mitosis but not the changes of chromosomes in the nucleus. After conducting Q & A 
teaching activities with students, the teacher displays the animation embedded in the PPT 
slides to show how the chromosomes change in each stage and the terminology of each 
stage during the mitosis process (Figure 6). To give the students a deeper understanding of 
the changes in the number of chromosome sets, chromosome number, and quantity of DNA, 
the teacher also presents the PPT slides and displays the animation embedded in the PPT 
slides to present the process of mitosis and changes of DNA and chromosomes after having 
Q & A teaching activities with students. The teacher teaches the sub-topic of ‘Meiosis and 
Sexual Life Cycle’ in the same way as the sub-topic of ‘The Role of Mitosis.’ The table is also 
shown in the animations built into the PPT slides after the teacher finish the Q & A teaching 
activity interaction with her students. 

 
 

Fig. 6. Screenshot of the teaching materials for the concept of mitosis in T group 
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Fig. 5. Screenshot of the teaching materials for the concept of mitosis in IWB group 
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2.2.3 Comparison of IWB and Traditional technology-integrated teaching method 

Differences between the teaching methods of the IWB and the T group are listed in the Table 1: 

Teaching sub-topics IWB group T group 
Chromosome and Its 
Importance 

 In addition to using 
pictures to present the 
basic structures, 
students also match 
pictures of the basic 
genetic structures by 
competing to answer 
questions, touching the 
IWB or coloring and 
circling with colored 
pens so that their 
understanding and 
impression of the 
concepts and 
terminology can be 
enhanced. 

 Karyotypes of male 
and female are 
simultaneously shown 
on the large screen of 
the IWB, which is used 
to help students 
understand the 
concepts of sex 
chromosomes and 
autosomes.  

 Students can actively 
play the Adobe Flash 
animations so that their 
understanding and 
impression of the 
concepts and their ICT 
skills can be improved. 

 Although PPT slides 
can present many 
pictures and 
animations, the 
animations embedded 
in the PPT slides are 
displayed linearly after 
Q & A teaching 
activities.  

 Teacher’s interaction 
with students is limited 
to verbal 
communication; all 
software operation is 
done by the teacher.  

The Role of Mitosis  The large screen of the 
IWB is divided into 
two parts so that 
information can be 
more easily shown 
together to guide 
students to think about 
and complete each 
stage of mitosis and 

 Animations embedded 
in the PPT slides are 
displayed linearly after 
Q & A teaching 
activities. 

 Teacher’s interaction 
with students is limited 
to verbal 
communication; all 
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enable them to clearly 
learn the related 
terminology. 

 To improve students’ 
understanding, 
activities are designed 
to make students 
compete to answer 
questions, work 
together operating the 
IWB to complete the 
process of mitosis and 
draw the changes in the 
chromosome number, 
quantity of DNA  and 
chromosome sets.  

software operation is 
done by the teacher. 

Meiosis and Sexual Life 
Cycle 

 The teaching method is 
the same as that used to 
teach mitosis, but the 
IWB can provide rapid 
cross-page comparison 
and it is convenient to 
make notes on the IWB 
screen to enable the 
students to clearly 
understand the 
difference between the 
two kinds of cell 
division.  

 Students are allowed to 
write on the IWB and 
compare mitosis with 
meiosis and sexual 
reproduction with 
asexual reproduction 
so that their 
understanding of the 
relationship can be 
improved.  

 Animations embedded 
in the PPT slides are 
displayed linearly after 
Q & A teaching 
activities. 

 Teacher’s interaction 
with students is limited 
to verbal 
communication; all 
software operation is 
done by the teacher. 

Table 1. Comparison of the teaching activities in IWB and T groups 

2.2.4 Summative assessment  

The summative assessment in this research is used to understand student learning 
effectiveness. The design of the 25 summative assessment items are based on the teaching 
materials and a Two-Way Chart is used to ensure a reasonable distribution of the items. The 
summative assessment was also reviewed by two experts in assessment and course design 
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and one experienced junior high school Biology teacher. The Cronbach α of the summative 
assessment is 0.860. The average difficulty is 0.564. 

2.3 Research design 

To understand how the integration of the IWB into teaching influences the learning 
effectiveness of seventh graders in a junior high school in Taiwan, this research uses the 
quasi-experimental design to divide the participants into the experimental group (IWB 
group) and the control group (T group). IWB group learns in the teaching environment 
integrated with IWB while the T group learns in an environment using traditional ICT, The 
where teaching is done by projecting Microsoft PowerPoint slides onto a traditional 
projection screen through a projector. However, the two groups are lectured by the same 
teacher. Before teaching, to understand the student’s entry behavior of learning, students 
were asked to take the pre-test of the summative assessment. Then students received five 
classes in which the information technology was integrated into the instruction. After the 
five classes, students took the post-test of the summative assessment. 

2.4 Data collection and analysis 

The data collected are all quantitative data, including the pre-test and post-test scores of the 
summative assessment. To investigate how integrating an IWB into teaching of junior high 
school cell division influences student learning effectiveness, this study uses two different 
kinds of data analysis techniques. First, to investigate the effectiveness of two different types 
of teaching method, ANCOVA was conducted on the scores of the summative assessment. 
The pre-test scores of the summative assessment are taken as covariate, the two different 
types of teaching method as a fixed factor and the post-test scores of the summative 
assessment as the dependent variable. This analysis aims to understand how the two 
different types of teaching method influence the learning effectiveness of junior high school 
students. This study further adopts effect size analysis (Cohen, 1988) to investigate how the 
two different types of teaching methods influence student learning effectiveness on the three 
different sub-topics. According to the definition of Cohen (1988), Cohen’s d less than 0.2 
means ‘small’ effect size, between 0.2 and 0.5 means ‘small to middle’ effect size, between 
0.5 and 0.8 means ‘middle to large’ effect size, while larger than 0.8 means ‘large’ effect size.  

3. Results 
To investigate the effectiveness of IWB-integrated instruction and traditional ICT-integrated 
instruction on junior high school Biology teaching, this research adopts ANCOVA and effect 
size analysis to perform data analysis. 

3.1 Effectiveness of two different types of teaching method 

To understand the influences on junior high school student learning effectiveness of the two 
different types of teaching method (TTM), this study compares the student learning 
effectiveness of the IWB group and the T group using ANCOVA. The TTM is taken as the 
fixed factor, the pre-test scores of the summative assessment are taken as the covariate, and 
the post-test scores of the summative assessment are taken as the dependent variable. Before 
ANCOVA, the homogeneity of variance assumption was tested. The Levene’s test for 
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equality of variances was not significant (F =1.314, p > 0.05). In addition, the assumption of 
homogeneity of regression coefficients was also tested (F =1.349, p > 0.05). The results 
indicate that neither homogeneity assumption was violated. The results of the ANCOVA 
analysis are shown in Table 2. 

Sources SS df MS F Post Hoc 

Pre-test 3212.755 1 3212.755 11.684**  

TTM 5986.231 1 5986.231 21.771** IWB>T 

Error 14023.393 51 274.968  

Total 191440.000 54  

Corrected Total 26104.000 53  

** p<.01  
TTM: Two different types of teaching method 
IWB: Interactive Whiteboard group 
T: Traditional ICT-integrated group 

Table 2. ANCOVA summary table (n=54) 

Table 2 shows that the pre-test scores have a significant influence on the post-test scores 
(F=11.684, p<0.01). Further, the TTM also has a significant influence on the scores of post-
test (F=21.771, p<0.01). The result means that student learning in instructional environments 
using the two different types of teaching method has significantly different learning 
effectiveness. Moreover, after conducting the LSD PostHoc analysis, it is found that students 
in the IWB group have significantly better learning effectiveness than those in the T group.  

3.2 Effect size analysis on the effectiveness of two different types of teaching method 
in facilitating student learning  

This study uses the effect size to investigate the effectiveness of the two different types of 
teaching method in facilitating student learning. In Table 3, the results show that the effect 
size of student learning effectiveness in the IWB group is 2.214, while the effect size of 
student learning effectiveness in the T group is 0.888. Based on the above, it is known that 
students in the IWB group have better learning effectiveness than students in the T group. 
This study further investigates the effectiveness of the two different types of teaching 
method in facilitating students to learn the three different sub-topics. In Table 3, the results 
show that students in the IWB group have better learning effectiveness than those in the T 
group across all three sub-topics. The effect sizes of IWB group student effectiveness in 
learning the three sub-topics all belong to ‘large’ effect size (Chromosome and Its 
Significance: Cohen’s d=1.646; The Role of Mitosis: Cohen’s d=1.041; Meiosis and Sexual Life 
Cycle: Cohen’s d=0.957). However, in the T group, the effect size of student effectiveness in 
learning the sub-topic of ‘Chromosome and Its Significance’ belongs to ‘large’ effect size 
(Cohen’s d=1.278). The effect size of student effectiveness in learning the sub-topics of ‘The 
Role of Mitosis’ (Cohen’s d=0.627) and ‘Meiosis and Sexual Life Cycle’ (Cohen’s d=0.269) 
belong to ’ middle to large’ effect size and ’small to middle’ effect size. These results show 
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and one experienced junior high school Biology teacher. The Cronbach α of the summative 
assessment is 0.860. The average difficulty is 0.564. 

2.3 Research design 

To understand how the integration of the IWB into teaching influences the learning 
effectiveness of seventh graders in a junior high school in Taiwan, this research uses the 
quasi-experimental design to divide the participants into the experimental group (IWB 
group) and the control group (T group). IWB group learns in the teaching environment 
integrated with IWB while the T group learns in an environment using traditional ICT, The 
where teaching is done by projecting Microsoft PowerPoint slides onto a traditional 
projection screen through a projector. However, the two groups are lectured by the same 
teacher. Before teaching, to understand the student’s entry behavior of learning, students 
were asked to take the pre-test of the summative assessment. Then students received five 
classes in which the information technology was integrated into the instruction. After the 
five classes, students took the post-test of the summative assessment. 

2.4 Data collection and analysis 

The data collected are all quantitative data, including the pre-test and post-test scores of the 
summative assessment. To investigate how integrating an IWB into teaching of junior high 
school cell division influences student learning effectiveness, this study uses two different 
kinds of data analysis techniques. First, to investigate the effectiveness of two different types 
of teaching method, ANCOVA was conducted on the scores of the summative assessment. 
The pre-test scores of the summative assessment are taken as covariate, the two different 
types of teaching method as a fixed factor and the post-test scores of the summative 
assessment as the dependent variable. This analysis aims to understand how the two 
different types of teaching method influence the learning effectiveness of junior high school 
students. This study further adopts effect size analysis (Cohen, 1988) to investigate how the 
two different types of teaching methods influence student learning effectiveness on the three 
different sub-topics. According to the definition of Cohen (1988), Cohen’s d less than 0.2 
means ‘small’ effect size, between 0.2 and 0.5 means ‘small to middle’ effect size, between 
0.5 and 0.8 means ‘middle to large’ effect size, while larger than 0.8 means ‘large’ effect size.  

3. Results 
To investigate the effectiveness of IWB-integrated instruction and traditional ICT-integrated 
instruction on junior high school Biology teaching, this research adopts ANCOVA and effect 
size analysis to perform data analysis. 

3.1 Effectiveness of two different types of teaching method 

To understand the influences on junior high school student learning effectiveness of the two 
different types of teaching method (TTM), this study compares the student learning 
effectiveness of the IWB group and the T group using ANCOVA. The TTM is taken as the 
fixed factor, the pre-test scores of the summative assessment are taken as the covariate, and 
the post-test scores of the summative assessment are taken as the dependent variable. Before 
ANCOVA, the homogeneity of variance assumption was tested. The Levene’s test for 
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equality of variances was not significant (F =1.314, p > 0.05). In addition, the assumption of 
homogeneity of regression coefficients was also tested (F =1.349, p > 0.05). The results 
indicate that neither homogeneity assumption was violated. The results of the ANCOVA 
analysis are shown in Table 2. 

Sources SS df MS F Post Hoc 

Pre-test 3212.755 1 3212.755 11.684**  

TTM 5986.231 1 5986.231 21.771** IWB>T 

Error 14023.393 51 274.968  

Total 191440.000 54  

Corrected Total 26104.000 53  

** p<.01  
TTM: Two different types of teaching method 
IWB: Interactive Whiteboard group 
T: Traditional ICT-integrated group 

Table 2. ANCOVA summary table (n=54) 

Table 2 shows that the pre-test scores have a significant influence on the post-test scores 
(F=11.684, p<0.01). Further, the TTM also has a significant influence on the scores of post-
test (F=21.771, p<0.01). The result means that student learning in instructional environments 
using the two different types of teaching method has significantly different learning 
effectiveness. Moreover, after conducting the LSD PostHoc analysis, it is found that students 
in the IWB group have significantly better learning effectiveness than those in the T group.  

3.2 Effect size analysis on the effectiveness of two different types of teaching method 
in facilitating student learning  

This study uses the effect size to investigate the effectiveness of the two different types of 
teaching method in facilitating student learning. In Table 3, the results show that the effect 
size of student learning effectiveness in the IWB group is 2.214, while the effect size of 
student learning effectiveness in the T group is 0.888. Based on the above, it is known that 
students in the IWB group have better learning effectiveness than students in the T group. 
This study further investigates the effectiveness of the two different types of teaching 
method in facilitating students to learn the three different sub-topics. In Table 3, the results 
show that students in the IWB group have better learning effectiveness than those in the T 
group across all three sub-topics. The effect sizes of IWB group student effectiveness in 
learning the three sub-topics all belong to ‘large’ effect size (Chromosome and Its 
Significance: Cohen’s d=1.646; The Role of Mitosis: Cohen’s d=1.041; Meiosis and Sexual Life 
Cycle: Cohen’s d=0.957). However, in the T group, the effect size of student effectiveness in 
learning the sub-topic of ‘Chromosome and Its Significance’ belongs to ‘large’ effect size 
(Cohen’s d=1.278). The effect size of student effectiveness in learning the sub-topics of ‘The 
Role of Mitosis’ (Cohen’s d=0.627) and ‘Meiosis and Sexual Life Cycle’ (Cohen’s d=0.269) 
belong to ’ middle to large’ effect size and ’small to middle’ effect size. These results show 
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that integrating an IWB into teaching can lead to better learning effectiveness for the cell 
division topic. Moreover, compared with the T group, student learning effectiveness for the 
two sub-topics, ‘The Role of Mitosis’ and ‘Meiosis and Sexual Life Cycle,’ is especially 
effective in the IWB group. 

 

Teaching 
sub-topics 

IWB group (n=27) T group (n=27) 
Pre-test 

(%) 
Post-test 

(%) Cohen’s d Pre-test 
(%) 

Post-test 
(%) Cohen’s d 

Chromosome 
and Its 

Importance 
(n=7) 

31.6 
(SD=19.2) 

63.4 
(SD=19.5) 1.646 27.5 

(SD=15.0) 
54.5 

(SD=25.8) 1.278 

The Role of 
Mitosis (n=7) 

26.0 
(SD=22.1) 

52.0 
(SD=27.6) 1.041 25.4 

(SD=15.2) 
39.6 

(SD=28.3) 0.627 

Meiosis and 
Sexual Life 

Cycle (n=11) 

35.6 
(SD=17.3) 

50.5 
(SD=13.7) 0.957 32.3 

(SD=13.2) 
36.7 

(SD=18.9) 0.269 

Total 35.2 
(SD=14.7) 

68.1 
(SD=16.2) 2.214 29.0 

(SD=9.2) 
42.5 

(SD=19.4) 0.888 

Pre-test: The average correct answering rate of items about three different learning topics in the pre-test 
of the summative assessment. 
Post-test: The average correct answering rate of items about three different learning topics in the post-
test of the summative assessment. 

Table 3. Effect size analysis on students’ learning effectiveness about three different sub-
topics 

4. Concluding remarks 
Cell division has always been one of the topics both students and teachers find difficult for 
students to learn, and meiosis is the most difficult part (Brown, 1995; Oztap et al., 2003). 
Brown (1995) and Oztap et al. (2003) argued that the teaching method is one of the reasons 
student have difficulty in learning cell division. Brown suggested that to help students 
learn, the dynamic nature of cell division should be emphasized and teachers should 
properly use 2D and 3D pictures to help students build chromosome models. The findings 
of this study show that compared to traditional ICT-integrated instruction, IWB is more 
effective in improving student learning in cell division. Among all sub-topics of cell 
division, IWB is especially effective in assisting students in learning ‘The Role of Mitosis’ 
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and ‘Meiosis and Sexual Life Cycle.’ Traditional ICT-integrated instruction can only 
improve student learning effectiveness for the sub-topic of ‘Chromosome and Its 
Significance’. This may be because compared with the traditional ICT-integrated instruction, 
IWB can better consolidate multimodal representations, combining the key concepts, such as 
genes, chromosomes, and genetic information, more closely together with the terminology 
and more clearly presenting their relationships. Students can therefore develop a more 
coherent conceptual framework to serve as basis of their learning of cell division. This may 
resolve the learning difficulties caused by the basic concepts – cell, nucleus, gene and 
genetic information and the relationships between them which are implied separately in 
different teaching topics (Lewis et al., 2000b). 

The interactive nature of IWB improves interaction between the teacher and students and 
peers. In teaching of the two sub-topics, ‘The Role of Mitosis’ and ‘Meiosis and Sexual Life 
Cycle,’ this study tries to make the interactive nature of IWB more closely integrated into 
teaching activities. Students work together to complete the tasks of answering questions 
about the processes of the two kinds of cell division and thinking about the difference 
between mitosis and meiosis by comparison of the chromosome duplication, number of 
divisions, number of daughter cells and genetic composition. This may explain why 
students have better learning effectiveness. According to several researchers (Levy, 2002; 
Torff & Tirotta, 2010; Wall, Higgins, & Smith, 2005), students think that when they are 
allowed to use IWB, their learning can be greatly improved and their learning process can 
be better facilitated. In traditional ICT-integrated instruction, the interaction between the 
teacher and students is limited to verbal communication and the messages are delivered by 
PPT slides in a more linear way. By comparison, an IWB can better integrate multimedia 
presentations. This may be the reason that students have lower learning effectiveness when 
traditional ICT-integrated instruction is adopted.   

5. Educational implications 
Based on research findings, this study argues that the teaching methods are the reason cell 
division is thought to be the topic most difficult to learn by junior high school students, 
following Brown (1995) and Lewis et al. (2000b). Oztap et al.( 2003) showed that students do 
not have a coherent conceptual framework and often feel confused about genetic 
terminology. If the relationship between basic structures such as cell, nucleus, chromosomes 
and genes can be clearly presented and students can be assisted in building chromosome 
models, they will be able to overcome learning difficulties. Brown (1995) also stated that 
during teaching activities, both 2D pictures and 3D pictures were suggested to be provided 
to help students build chromosome models. According to Brown, this study suggests that 
during teaching activities, teachers can try to integrate multimedia into the teaching of the 
‘Chromosome and Its Significance.’ For example, pictures of a dyed cell under microscope 
can be used to demonstrate the relationship between cell, nucleus and chromosomes, 2D 
and 3D pictures can be used to show the structure of chromosome, and dynamic videos or 
animations can be used to present the chromatin packing in a eukaryotic chromosome. After 
students have a clear understanding of basic genetic concepts and develop a more coherent 
conceptual framework, they will find it easier to learn more about cell division. 

Currently, the traditional ICT-integrated instruction always uses Microsoft PowerPoint 
slides (PPT slides) to enrich classroom teaching. Although PPT slides allow teachers to 
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that integrating an IWB into teaching can lead to better learning effectiveness for the cell 
division topic. Moreover, compared with the T group, student learning effectiveness for the 
two sub-topics, ‘The Role of Mitosis’ and ‘Meiosis and Sexual Life Cycle,’ is especially 
effective in the IWB group. 

 

Teaching 
sub-topics 

IWB group (n=27) T group (n=27) 
Pre-test 

(%) 
Post-test 

(%) Cohen’s d Pre-test 
(%) 

Post-test 
(%) Cohen’s d 

Chromosome 
and Its 

Importance 
(n=7) 

31.6 
(SD=19.2) 

63.4 
(SD=19.5) 1.646 27.5 

(SD=15.0) 
54.5 

(SD=25.8) 1.278 

The Role of 
Mitosis (n=7) 

26.0 
(SD=22.1) 

52.0 
(SD=27.6) 1.041 25.4 

(SD=15.2) 
39.6 

(SD=28.3) 0.627 

Meiosis and 
Sexual Life 

Cycle (n=11) 

35.6 
(SD=17.3) 

50.5 
(SD=13.7) 0.957 32.3 

(SD=13.2) 
36.7 

(SD=18.9) 0.269 

Total 35.2 
(SD=14.7) 

68.1 
(SD=16.2) 2.214 29.0 

(SD=9.2) 
42.5 

(SD=19.4) 0.888 

Pre-test: The average correct answering rate of items about three different learning topics in the pre-test 
of the summative assessment. 
Post-test: The average correct answering rate of items about three different learning topics in the post-
test of the summative assessment. 

Table 3. Effect size analysis on students’ learning effectiveness about three different sub-
topics 

4. Concluding remarks 
Cell division has always been one of the topics both students and teachers find difficult for 
students to learn, and meiosis is the most difficult part (Brown, 1995; Oztap et al., 2003). 
Brown (1995) and Oztap et al. (2003) argued that the teaching method is one of the reasons 
student have difficulty in learning cell division. Brown suggested that to help students 
learn, the dynamic nature of cell division should be emphasized and teachers should 
properly use 2D and 3D pictures to help students build chromosome models. The findings 
of this study show that compared to traditional ICT-integrated instruction, IWB is more 
effective in improving student learning in cell division. Among all sub-topics of cell 
division, IWB is especially effective in assisting students in learning ‘The Role of Mitosis’ 

Interactive WhiteBoard: 
Effective Interactive Teaching Strategy Designs for Biology Teaching 

 

153 

and ‘Meiosis and Sexual Life Cycle.’ Traditional ICT-integrated instruction can only 
improve student learning effectiveness for the sub-topic of ‘Chromosome and Its 
Significance’. This may be because compared with the traditional ICT-integrated instruction, 
IWB can better consolidate multimodal representations, combining the key concepts, such as 
genes, chromosomes, and genetic information, more closely together with the terminology 
and more clearly presenting their relationships. Students can therefore develop a more 
coherent conceptual framework to serve as basis of their learning of cell division. This may 
resolve the learning difficulties caused by the basic concepts – cell, nucleus, gene and 
genetic information and the relationships between them which are implied separately in 
different teaching topics (Lewis et al., 2000b). 

The interactive nature of IWB improves interaction between the teacher and students and 
peers. In teaching of the two sub-topics, ‘The Role of Mitosis’ and ‘Meiosis and Sexual Life 
Cycle,’ this study tries to make the interactive nature of IWB more closely integrated into 
teaching activities. Students work together to complete the tasks of answering questions 
about the processes of the two kinds of cell division and thinking about the difference 
between mitosis and meiosis by comparison of the chromosome duplication, number of 
divisions, number of daughter cells and genetic composition. This may explain why 
students have better learning effectiveness. According to several researchers (Levy, 2002; 
Torff & Tirotta, 2010; Wall, Higgins, & Smith, 2005), students think that when they are 
allowed to use IWB, their learning can be greatly improved and their learning process can 
be better facilitated. In traditional ICT-integrated instruction, the interaction between the 
teacher and students is limited to verbal communication and the messages are delivered by 
PPT slides in a more linear way. By comparison, an IWB can better integrate multimedia 
presentations. This may be the reason that students have lower learning effectiveness when 
traditional ICT-integrated instruction is adopted.   

5. Educational implications 
Based on research findings, this study argues that the teaching methods are the reason cell 
division is thought to be the topic most difficult to learn by junior high school students, 
following Brown (1995) and Lewis et al. (2000b). Oztap et al.( 2003) showed that students do 
not have a coherent conceptual framework and often feel confused about genetic 
terminology. If the relationship between basic structures such as cell, nucleus, chromosomes 
and genes can be clearly presented and students can be assisted in building chromosome 
models, they will be able to overcome learning difficulties. Brown (1995) also stated that 
during teaching activities, both 2D pictures and 3D pictures were suggested to be provided 
to help students build chromosome models. According to Brown, this study suggests that 
during teaching activities, teachers can try to integrate multimedia into the teaching of the 
‘Chromosome and Its Significance.’ For example, pictures of a dyed cell under microscope 
can be used to demonstrate the relationship between cell, nucleus and chromosomes, 2D 
and 3D pictures can be used to show the structure of chromosome, and dynamic videos or 
animations can be used to present the chromatin packing in a eukaryotic chromosome. After 
students have a clear understanding of basic genetic concepts and develop a more coherent 
conceptual framework, they will find it easier to learn more about cell division. 

Currently, the traditional ICT-integrated instruction always uses Microsoft PowerPoint 
slides (PPT slides) to enrich classroom teaching. Although PPT slides allow teachers to 
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integrate multimedia presentation, the slides do not support Adobe-Flash-animation-based 
interactive media. They can only be presented in a linear and page-by-page way when used 
in teaching activities, which makes the teaching possibilities more restricted. However, this 
study integrates an IWB into teaching. IWB can integrate both multimedia and Adobe-Flash-
animation-based interactive media presentation to help teachers perform multimedia and 
multimodal teaching. Moreover, IWB supports rapid cross-page comparison and zoned 
page presentation. The differences between the two kinds of cell division can be clearly 
shown, enabling better understanding. The key characteristic of IWB, high interactivity, 
allows teachers to have more eye-contact and interaction with students, in addition to verbal 
communication. It is also easier for teachers to design activities facilitating interaction and 
cooperation between students. Teachers and students feel closer to each other, as Wood 
(2002) argued, and students are more motivated to concentrate on and participate in 
teaching activities (Homles, 2009; Northcote et al., 2010; Slay et al., 2008; Smith et al., 2005; 
Wall et al., 2005). These advantages largely overcome the limitations of PPT slides in 
teaching and student learning effectiveness. Based on the findings of this study, building 
chromosome models is vital to the learning of cell division. The dynamic process of cell 
division and the micro-view of chromosome changes are also keys to overcome student 
learning difficulties in understanding cell division. If ICT and multimedia and multimodal 
presentation can be properly used, student learning will be more effective when studying 
cell division.  

6. Note 
 It is herein stated that all the trademarks and product names referred to in this research 
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research are the property of their respective owners. 
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(2002) argued, and students are more motivated to concentrate on and participate in 
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1. Introduction 
There have been great changes in medical education environment during the 20th century 
due to advances in biological sciences, increasing demands from health services (Bleakley et 
al., 2011; Cooke et al., 2006), and in the past two decades dynamic development of 
information and communication technologies (ICT) (Masic et al., 2011). They have increased 
the efficiency of learning and promoted the implementation of evidence-based practice 
(Howick, 2011; Tilson et al., 2011). For the first time in the history of mankind electronic 
repositories of medical knowledge started to be available in the public domain (Cullen, 2006; 
Taylor, 2006; Westwood, 2001). At the end of a century of evolution and changes the scope 
of medical education had grown enormously (Platt et al., 1999; Koschmann, 1995). At 
present, most of medical students belong to the generation grown up with modern 
information and communication technologies, referred to as YouTube generation, 
Generation Y, Millennials, Generation Next, Net Generation (Borges et al., 2006; Farnan et 
al., 2008). Internet-based technologies have become part of our daily lives and dramatically 
changed the interaction between physicians-in-training, educators and the world of 
knowledge, thus offering new challenges and opportunities (Shamji & Law, 2011; Ruiz et al., 
2006). At the global level, there are some attempts to propose a concept of global health 
education with key indicators to evaluate and monitor educational interventions 
(Bozorgmehr et al., 2011). Watching the phenomenon of globalization, one has to admit that 
healthcare services and medical education cannot escape its impact. A new concept of a 
global profession of medicine has been in the limelight for the past decade with an urgent 
need to specify a set of core competences for doctors, regardless of where they had been 
trained (Schwarz, 2001; Celletti et al., 2011). 

This chapter is structured in sections covering three main issues. Section 2 reviews current 
trends in web-based medical teaching & learning with the emphasis on their efficiency, 
configurations and instructional methods. Web 2.0 is discussed separately in Section 3, 
demonstrating potential implementation of wikis and podcasting to make theoretical and 
pre-clinical subjects more attractive, but also pointing at controversies and pitfalls of this 
new technology in medical and healthcare contexts. In Section 4 the authors describe 
methods and procedures used to re-design a paediatric undergraduate curriculum in a 
European country (Czech Republic). The innovation of educational interventions was based 
on three cornerstones, ie. case-based reasoning, evidence-based medicine, and blended 
learning. The authors demonstrate all current arguments and opportunities to view medical 
education not as a sum of knowledge, but as a practical know-how. This approach should be 
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supported by information and communication technologies, eg. development of e-learning 
portals. We are presenting the educational portal Mefanet as a unique solution. The 
outcomes of the project including student feedback are presented as figures, graphs and 
verbatims. The section ends with a brief proposal for developers of case-based learning 
environment in medicine.  

The methods used to compile this chapter included brain-storming, literature review, 
deduction, curriculum re-design, web-portal development, qualitative analysis of attitudes,  
and statistical analysis. 

2. Online learning in medical education  
Medicine is a sophisticated mix of knowledge, skills, behaviour and attitudes. Learning 
goals can be achieved by different modalities from face-to-face lecturing, bedside teaching & 
learning, mentoring, small-group learning, self-study, self-assessment etc. Since 1990, the 
rapid spread of internet-based technologies has been leading to the breath-taking 
metamorphosis of medical curricula, particularly due to e-learning. E-learning solutions can 
be implemented in most areas of undergraduate and continuing medical education,  in 
particular knowledge acquisition, skills training, attitudes development,  formative and 
summative assessment (Genn, 2001; Dent & Harden, 2009a, b).  

Even though the core patient requirements and expectations of doctors remain more or less 
the same as they have been across the centuries, nowadays future doctors must get ready for 
changing conditions of healthcare services delivery with a patient as an important partner in 
the decision-making process (Dent & Harden, 2009b). A new profile of healthcare 
professionals is posing demands on educators and modes of knowledge delivery. It should 
be taken into consideration that future doctors need informed professional educators, not 
merely amateur tutors.  

The newly developed, innovated, revised, and/or re-designed curricula are characterized by 
a decrease in volume of factual knowledge presented face-to-face, emphasis on adult 
learning styles, self-directed learning, problem-solving,  critical thinking,  shift from passive  
to active learning and performance (Choules, 2007). Their milestones include cultivation of 
communication  skills, thorough and responsible preparation for professional life, efficient 
teamwork and readiness for implementation of evidence-based practice.  

In 1998, Towle (Towle, 1998) formulated a set of future challenges in the process of both 
undergraduate and continuing medical education to make conditions to teach and learn 
traditional professional skills in information society era. In particular, he emphasized the 
following activities: teaching scientific behaviour, promoting use of information technology, 
respecting new doctor-patient relationships, enhancing educational competences of medical 
teachers, extending learning delivery modalities in medical curricula, and ensuring guided 
participation of students in clinical situations.   

2.1 Efficiency of online learning 

The implementation of online (internet-based, web-based) learning styles in medical 
education is relatively well-documented by plethora of articles. The first reports date back to 
the early 1990s describing new experience, outcomes, students’ perceptions, advantages as 
well as controversies of this emerging trend in medical education.  
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In 2008 Cook and colleagues (Cook et al., 2008) published one of the first meta-analyses with 
the intention to analyze the existing studies and demonstrate educational outcomes of 
online instruction as compared to other teaching & learning modalities. They included 
practicing and student physicians, nurses, pharmacists, dentists and other healthcare 
professionals as target groups. The analysis of a total of 201 eligible studies clearly 
demonstrated that from the global point of view internet-based medical instruction had 
large positive effects compared with non-Internet or no interventions across medical 
disciplines irrespective of types of learners and concrete outcomes. It may be concluded that 
further research should be oriented on 2 key areas: (1) effective implementation of internet-
based courses, and (2) definition of suitable learning contexts and objectives. 

Wong and his team (Wong et al., 2010) used a “realist review” (qualitative systematic 
review) to identify and elucidate the relationship between context, mechanism and 
outcomes of internet-based courses for doctors and medical students. They focused on 
theoretical models how the Internet could support learning. This realist review included a 
total of 249 primary studies and brought about 3 key findings: (1) Internet courses must 
engage their target group of learners to use technology that should be perceived as “useful” 
(promote learning and save time) and “easy-to-use”; (2) Interactivity is highly valued by 
learners, ie. entering into a dialogue with the course tutor, fellow students and/or virtual 
tutorial to get feedback on their understanding and performance; (3) Course design is an 
important factor that has to interact properly with its content, didactic features, and types of 
learners. 

The authors formulated suggestions for authors of internet-based courses to increase the 
educational outcome in the context of two basic issues, namely technology acceptance and 
interactive dialogue. Technology acceptance comprises such parameters as perceived 
usefulness, ease-of-use, suitable format, learners’ habits and expectations. Interactive 
dialogue deals with human-human interactions and human-technical interactions. Both of 
the modes of interaction include feedback and knowledge assessment.  

2.2 Configurations and instructional methods 

Cook and his team (Cook et al., 2010) performed another systematic review based on their 
previous experience about attitudes of medical educators towards internet-based courses. 
Most of them considered web-based learning as a set of similar activities with more or less 
homogenous effects, and obviously their studies did not properly describe the interventions 
used. This systematic review aimed at filling this gap and studied various configurations, 
instructional methods and presentation elements of web-based learning to help teachers 
define their instructional interventions. They identified 266 articles including 78 randomized 
controlled trials comparing web-based learning with no intervention or another educational 
intervention. The most frequent participants were medical students and postgraduate 
trainees. 

The analysis produced enough data to make a list of most frequently used web-based 
learning configurations: at least some written text (89 %); multimedia (55 %); online 
communication via e-mail, threaded discussion, chat, videoconferencing (32 %); 
synchronous components (9 %). 
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It was interesting to see that up to about 60 % of the courses used a blended web-based 
learning method and non-computer-based instruction (eg. face-to-face lectures, small group 
activities), 32 % assigned reading, and 23 % clinical experience (ie. bedside teaching).  

As far as instructional methods are concerned, it was fascinating to reveal that 77 % of the 
courses used specific methods different from the text with most common being patient cases 
(real, hypothetical), self-assessment questions and feedback; 30 % of the online instruction 
was characterized by a high level of interactivity. Other methods included eg. practice 
exercises and spacing of learning. 

These findings are of practical importance for online course developers, because they offer a 
vast diversity of approaches to reach the educational goals, respecting learners’ needs and 
learning contexts. 

3. Web 2.0 applications 
In the new millennium we have been witnessing outbreak and spread of new Internet 
technologies simply defined as the read/write web which is referred to as Web 2.0. The 
„early“ web (Web 1.0) may be characterized by a strong capability to connect people, search 
for materials, documents etc., whilst web 2.0 makes it easier to create and publish new 
content by the users. Moreover, social web is about discussion, interpersonal networking, 
personalization of learning activities, openness to new experience, sharing knowledge and 
ideas. It is people-centered web (Boulos & Wheeler, 2007). 

Its popularity is spreading very fast, partly due to the fact that it is free and requires few 
technological skills. It encompasses blogs, podcasts, wikis, multimedia sharing, social 
bookmarking, instant messaging, really simple syndication (RSS), social networking etc. 
Users are no longer mere consumers, but they may edit, comment, create and share content 
with the others. Even though most of the activities are social, Web 2.0 is capable enough to 
substantially influence future online teaching and learning „anytime - any place“. Its 
exploitation for medical consultation, education and publication purposes is definitely 
increasing (Sandars & Schroter, 2007; Lemley & Burnham, 2009) even if at low speed.  

Schreiber & Giustini (2009) published an overview of efficient implementations of Web 2.0 
features to improve qualitative parameters of the existing popular medical sites (eg. Health 
Education Assets Library, MedEdPortal), prestigious medical journals with high impact 
factors (Archives of Internal Medicine, British Medical Journal, Cochrane Database of 
Systematic Reviews, Lancet, New England Journal of Medicine, Southern Medical Journal ), 
or introduce new Web 2.0-based products (eg. Clinical Cases and Images Blog, Science Roll 
Blog, AskDrWiki and others).  

3.1 Web 2.0 applications in medical education 

An increasing number of authors have been reporting possible usage of web 2.0 applications 
in medical education (Boulos et al., 2006; Jham et al, 2008; Jalali et al., 2009; Wilson et al, 
2009; Alikhan et al., 2010; Chretien et al., 2010; Logan et al., 2010; Vejrazka et al., 2010; 
Saarinen et al., 2011). On the condition that they are used effectively, wikis, blogs and 
podcasts could help students, clinician teachers and also patients enhance their learning 
performance, increase their engagement and improve collaborationware. Social media have 
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sufficient capacity to change academic medicine and attract not only trainees, but also 
educators irrespective of their will and readiness. Naturally, the faculty must accept their 
responsibility in preparing future doctors to use social media to communicate with their 
colleagues and patients.  

Some authors (Saarinen et al., 2011) point out that learning course developers cannot 
integrate Web 2.0 technology without having surveyed students’ familiarity with the 
applications and/or barriers to them. There may be barriers in overall perception of social 
media with their openness to share and exchange knowledge and ideas. The best way how 
to overcome controversies on the side of educators and learners is to start with small 
projects and integrate web 2.0 applications into the existing educational portals to enhance 
sharing documents, multimedia, distribute news, one-to-many communication, 
collaborative learning, synchronous and asynchronous discussion. Last but no least it 
requires a teacher committment  to take up a deal of responsibility for the quality of the 
content posted and distributed via Web 2.0 applications to show learners they can trust the 
learning materials (Vejrazka et al., 2010). 

Further research should be conducted to define the best ways to integrate these tools into 
current undergraduate and continuing medical education e-learning courses. Web 2.0 can be 
regarded as a linking element for different forms of web-based learning activities.   

Among Web 2.0 applications, podcasting and wiki are particularly suitable for 
undergraduate and continuing medical education, partly due to the fact that their content 
can be quality-controlled by professionals. 

3.1.1 Podcasting 

Podcasting is an example of mobile educational resources and its principle is the creation of 
audio and/or video for the target audience to access the information “where – when – how” 
they want (Jham et al., 2008). The advantages of distributing lectures, journal contents, 
presentations and procedures have been described in dental education, nursing and 
especially in clinical medicine (Boulos et al., 2006; Clauson & Vidal, 2008; Alikhan et al., 
2010). There is much space for prestigious journals, conference organizers and large 
institutions to become more involved in developing informative, evidence-based podcasts at 
regular intervals and ensure access to archive collections.  

3.1.2 Wiki 

Wikipedia has acquired great popularity over the years and few users think about such 
attributes as quality, trustworthiness, reliability etc. Logan et al. (2010) claimed that it would 
need more scientists and educators to edit its contents regularly. They have proposed ten 
rules for anyone who is planning to add new facts, in particular: register an account – know 
your audience – do not infringe copyright – cite, cite, cite – share your expertise, but do not 
argue from authority – write neutrally and with due weight – ask for help.  

Medical wikis should be controlled by qualified registered contributors, because many are 
open to modifications by anybody who can post incorrect content, copyrighted materials 
without citing the original, edit the content to produce erroneous document or even delete a 
good piece of information.  
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can be quality-controlled by professionals. 

3.1.1 Podcasting 

Podcasting is an example of mobile educational resources and its principle is the creation of 
audio and/or video for the target audience to access the information “where – when – how” 
they want (Jham et al., 2008). The advantages of distributing lectures, journal contents, 
presentations and procedures have been described in dental education, nursing and 
especially in clinical medicine (Boulos et al., 2006; Clauson & Vidal, 2008; Alikhan et al., 
2010). There is much space for prestigious journals, conference organizers and large 
institutions to become more involved in developing informative, evidence-based podcasts at 
regular intervals and ensure access to archive collections.  

3.1.2 Wiki 

Wikipedia has acquired great popularity over the years and few users think about such 
attributes as quality, trustworthiness, reliability etc. Logan et al. (2010) claimed that it would 
need more scientists and educators to edit its contents regularly. They have proposed ten 
rules for anyone who is planning to add new facts, in particular: register an account – know 
your audience – do not infringe copyright – cite, cite, cite – share your expertise, but do not 
argue from authority – write neutrally and with due weight – ask for help.  

Medical wikis should be controlled by qualified registered contributors, because many are 
open to modifications by anybody who can post incorrect content, copyrighted materials 
without citing the original, edit the content to produce erroneous document or even delete a 
good piece of information.  
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Some authors (Jalali et al., 2009) are calling for critical appraisal of information disseminated 
through wikis in situations when wikis are developed, edited and maintained by students 
themselves. If managed reasonably, integrated into the existing websites and containing 
knowledge targeted to faculty learning objectives, they can represent an invaluable learning 
tool (Vejrazka et al., 2010). 

3.1.3 Controversies 

In spite of enormous popularity of Web 2.0 applications among millennials and new 
challenges for medical professionals, legitimate concerns have been arising about integrity 
of these technologies for medical students. However, the complete depth of the problem has 
not yet been recognized. 

A US survey (Chretien et al., 2009) revealed that out of 78 medical schools under study (ie. 
60 %) reported incidents due to students’ posting unprofessional content online, eg. 
violation of patient confidentiality, use of profanity, discriminatory language, sexually 
suggestive materials, communication about medical profession and patients in a negative 
tone, photos of drug use etc. In spite of its positive aspect, ie. user-generated content for 
healthcare and medical education, web 2.0 risks broadcasting unprofessional content online 
that can show medical profession in a negative light. Tradition and social contract between 
medicine and society are based not only on physicians´ knowledge and skills, but also on 
their attitudes including behaviour, empathy, altruism and trustworthiness. It would be 
unforgivable to stand idly and watch erosion of these old values. Therefore, medical school 
administrators and teachers have to keep pace with advances in information technology and 
develop policies and procedures regarding professional use of Web 2.0 by medical students. 
It should be taken into consideration that students may not be aware of all the nets, traps 
and dangers of online posting of unprofessional information in terms of their future careers 
(Ferdig et al., 2008;  

Other authors (Farnan et al., 2008; Garner & O’Sullivan, 2010) are even calling for protection 
of medical students by their educators who should familiarize themselves with possible 
pitfalls of the new technology, such as misrepresentation and misjudgement. The students 
must be well-aware of different ways of online behaviour that could spoil their future 
reputation of physicians, eg. unauthorized videos showing people in an uncomplimentary 
light, unprofessional personal contributions, patient stories violating patient confidentiality,  
communication about medical profession and patients in a negative way etc. Medical 
schools mission is now not only professional fitness of their future graduates but also 
professional behaviour in social media environment.  

Santoro (2007) has revealed another important issue concerning the openness and ease of 
use of the Web 2.0 tools, namely reliability of the contents. The nature of these tools enables 
anybody to alter the document and re-post it without peer-review. In such a way the 
educational materials may become unreliable which poses a risk for medical education as a 
whole. Large-scale studies are needed to evaluate limits and benefits of Web 2.0 tools and 
look for practical solutions.  

4. Transition to web-supported evidence based paediatric curriculum 
In the beginning of each innovative educational process should be a vision followed by 
never-ending efforts to motivate and encourage both trainers and trainees to apply new 
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methods, features and tools. Palacky University Olomouc (Czech Republic) paediatricians 
undertook a project to implement an evidence-based healthcare approach around real-life 
scenarios, and develop a sound methodology including web-based learning materials.  

4.1 Objectives 

The cornerstone of the paediatric curriculum redesign was the intention to implement real 
case scenarios (Bell et al., 2009) and motivate students to make the cases evidence-based 
(Kiessling et al., 2011). The clinical education was supplemented with librarian-guided 
search skills training and information retrieval (Parkhill et al., 2011), selection and 
interpretation of papers to help students make correct clinical decisions with the assistance 
of their preceptors. The success of the curriculum re-engineering was dependent on the 
condition that the amount of contact hours remains unchanged; this was incentives to 
develop hypermedia learning environment and sets of instructional e-materials to substitute 
for traditional teaching methods. When developing online supports, priority was given to 
educational principles and included: relevance, reliability, validity of content, clarity of 
delivery, effective use of time and appropriate assessment.  

4.2 Educational interventions 

In accordance with the published experience three educational strategies were chosen to re-
design the paediatric curriculum, namely case-based reasoning & learning, evidence-based 
medicine, and blended learning. 

4.2.1 Case-based reasoning & learning 

Learning through experience is an important approach employed by humans to 
comprehend new problems. Medical practice management is facing a challenge of 
knowledge discovery from the growing volume of information. Recently, there has been a 
hot debate about the role of casuistry in the context of evidence-based decision-making. 
Case-based reasoning (CBR) matches the natural reasoning model similar to that used by 
physicians (Marcus et al., 2004; Holt et al., 2005 ). 

In 1996, R. Schank (Schank, 1996), one of the influential contributors to artificial intelligence 
and cognitive psychology, wrote: „Learning from experiences is the fundamental process of 
case-based reasoning. Taking case-based reasoning seriously as a cognitive model implies that 
experiences play a fundamental role in human learning as well. This has important effects on 
what and how to teach. Learning by doing works because it teaches implicitly rather than 
explicitly. Things that are learned implicitly need only be experienced in the proper way at the 
proper time. In order to make classrooms into learning-by-doing experiences we need to allow 
students to be in situations that are germane to their interests.“  

A decade later, deMantaras and colleagues (deMantaras et al., 2005) confirmed that CBR 
was a procedure encompassing the significance of prior experience during future problem 
solving. New problems can be tackled by reusing, and if possible, modifying the solutions to 
similar problems that had been solved in the past. It became applicable in a wide range of 
disciplines and domains, including medicine. Case-based reasoning gave rise to case-based 
teaching that is generally considered a superior instructional methodology contrary to 
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methods, features and tools. Palacky University Olomouc (Czech Republic) paediatricians 
undertook a project to implement an evidence-based healthcare approach around real-life 
scenarios, and develop a sound methodology including web-based learning materials.  

4.1 Objectives 

The cornerstone of the paediatric curriculum redesign was the intention to implement real 
case scenarios (Bell et al., 2009) and motivate students to make the cases evidence-based 
(Kiessling et al., 2011). The clinical education was supplemented with librarian-guided 
search skills training and information retrieval (Parkhill et al., 2011), selection and 
interpretation of papers to help students make correct clinical decisions with the assistance 
of their preceptors. The success of the curriculum re-engineering was dependent on the 
condition that the amount of contact hours remains unchanged; this was incentives to 
develop hypermedia learning environment and sets of instructional e-materials to substitute 
for traditional teaching methods. When developing online supports, priority was given to 
educational principles and included: relevance, reliability, validity of content, clarity of 
delivery, effective use of time and appropriate assessment.  

4.2 Educational interventions 

In accordance with the published experience three educational strategies were chosen to re-
design the paediatric curriculum, namely case-based reasoning & learning, evidence-based 
medicine, and blended learning. 

4.2.1 Case-based reasoning & learning 

Learning through experience is an important approach employed by humans to 
comprehend new problems. Medical practice management is facing a challenge of 
knowledge discovery from the growing volume of information. Recently, there has been a 
hot debate about the role of casuistry in the context of evidence-based decision-making. 
Case-based reasoning (CBR) matches the natural reasoning model similar to that used by 
physicians (Marcus et al., 2004; Holt et al., 2005 ). 

In 1996, R. Schank (Schank, 1996), one of the influential contributors to artificial intelligence 
and cognitive psychology, wrote: „Learning from experiences is the fundamental process of 
case-based reasoning. Taking case-based reasoning seriously as a cognitive model implies that 
experiences play a fundamental role in human learning as well. This has important effects on 
what and how to teach. Learning by doing works because it teaches implicitly rather than 
explicitly. Things that are learned implicitly need only be experienced in the proper way at the 
proper time. In order to make classrooms into learning-by-doing experiences we need to allow 
students to be in situations that are germane to their interests.“  

A decade later, deMantaras and colleagues (deMantaras et al., 2005) confirmed that CBR 
was a procedure encompassing the significance of prior experience during future problem 
solving. New problems can be tackled by reusing, and if possible, modifying the solutions to 
similar problems that had been solved in the past. It became applicable in a wide range of 
disciplines and domains, including medicine. Case-based reasoning gave rise to case-based 
teaching that is generally considered a superior instructional methodology contrary to 
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lectures, because it motivates learners' critical thinking skills. Even though much is known 
about the role played by facilitators in case-based teaching, there are still numerous 
controversies on the impact of the format and structure of cases on teaching and learning 
(Kim et al., 2006). 

This educational strategy offers medical students new efficient opportunities to improve 
their understanding of the theories and to develop necessary skills in clinical problem 
solving. From the practical point of view it seems obvious that case based learning promotes 
deeper attitudes to instruction and reduces reliance on surface approaches (Marcus et al., 
2004; Nunn, 2011). 

4.2.2 Evidence-based medicine  

In early 1990s a team of experts named as Evidence Based Medicine Working Group defined 
a new trend in medical education and practice as follows: “Evidence-based medicine de-
emphasizes intuition, unsystematic clinical experience, and pathophysiologic rationale as 
sufficient grounds for clinical decision making and stresses the examination of evidence 
from clinical research. Evidence-based medicine requires new skills of the physician, 
including efficient literature searching and the application of formal rules of evidence 
evaluating the clinical literature”(Evidence Based Medicine Working Group, 1992). Since 
then, it has been regarded as an approach to teaching practice of medicine (Ismach, 2004; 
Shuval et al., 2007; Swanwick, 2010). It was a lucky coincidence that the trend of evidence-
based medicine started to develop at the same time period as the Internet. The skill of 
“efficient literature searching” thus appeared in the new light and circumstances due to the 
increasing availability of electronic databases. At present, with two decades of the existence 
of the Internet it might seem that efficient medical literature searching is part of information 
literacy, but actually it is not. As reported by some authors (Hadley et al., 2007; Ilic et al. 
2011), a skill to efficiently retrieve best evidence still remains a crucial step in achieving 
competency in evidence-based practice. The integration of search skills training into 
evidence-based clinical curricula is a powerful tool to demonstrate students the importance 
and practical use of evidence-based medicine principles.   

In this context, Tonelli (Tonelli, 2006) provoked a hot debate about integrating “real” 
evidence into practice as a substitute for standard evidence-based approaches. He 
introduced other kinds of medical knowledge, such as (a) empirical evidence, (b) 
experiential evidence, (c) pathophysiologic rationale, (d) patient goals and values, and (e) 
system features. He emphasized that none of the topics had a priority over others, and the 
relative importance of a topic would depend upon the circumstances of the particular case. 
The skilled clinician must weigh these potentially conflicting evidentiary and non-
evidentiary aspects for action to employ both practical and theoretical reasoning and to 
make the best choice for a respective patient. His paper was followed by numerous thought-
provoking comments (Buetow, 2006;  Djulbegovic, 2006; Gupta, 2006; Lipman, 2006; 
Loughlin, 2006; Miettinen, 2006; Porta, 2006; SáCouto, 2006; Tanenbaum, 2006; Upshur, 
2006) that are worth reading and considering for integrated evidence-based medicine 
curricula development. 

4.2.3 Blended learning  

In the beginning of the new millennium when evidence based medicine and Internet were 
firmly anchored in medical education and practice, new concepts were appearing for 
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integrated evidence based medicine curricula (Green, 2000). Some authors (Hmelo-Silver et 
al., 2000; Marcus et al., 2004) reported that traditional case-based instructional models could 
be re-designed to comply with evidence-based medicine principles exploiting most of the 
advantages of online technologies, but not in the pure format. This method is referred to as 
blended/hybrid learning, and it has been defined as the combination of face-to-face and 
online learning opportunities, while reducing classroom contact hours (Dziuban et al., 2004). 
At present (Donnelly, 2010; Kitchenham, 2011), blended learning represents a mainstream 
for universities and is seen as a leader in medical education. Learners can be flexible in their 
education, not constrained by time and distance and satisfied with information technology 
usage. In parallel, there are numerous advantages for the teachers (eg. better time 
management, cost savings), and particularly control over the main features of medical 
education,  including dehumanization of medicine (Graham 2004; Harding et al. 2005; De 
Silva et al., 2010; Aronoff et al., 2010). 

Other authors described advantages of blended learning as follows: 

“Inherent in blended learning is a fundamental redesign of the instructional model, shifting 
from lecture to student-centred instruction, increasing all forms of interaction and 
incorporating formative and summative assessment”(Twigg, 2003; Dziuban et al., 2004). 

„Blended learning is a combined and integrated use of e-Learning and face-to-face (F2F) 
learning activities to develop a community of learning“(Schaffer & Small, 2004). 

„Blended learning complements face-to-face classes with eLearning modules“ (Voos, 2003). 

„It is possible to bring the advantages of face-to-face classes and online courses together“.  

“It supports a wide range of learning models, such as situated, associative, systemic, 
simulative and constructivist learning which help to improve the quality of medical 
education” (Sharpe et al. 2006). 

„Clinical education that uses blended learning for communication and reflection may 
provide flexibility to address clinical placement logistics and may enhance student learning“ 
(Gray & Tobin, 2010).  

4.3 Process and outcomes 

The process of redesigning the existing undergraduate paediatric curriculum of Palacky 
University Olomouc (Czech Republic) started as a pilot project in 2007 with the goal to 
introduce basic principles of evidence based medicine to the 5th-year students of general 
medicine.  

The main change can be characterized as transition from the disease-oriented  education 
(DOE) to patient-oriented evidence that matters (POEM). Besides traditional lectures, 
seminars, outpatient and bedside teaching the students take a real case scenario exercise. 
What does that mean? In pairs, the trainees get an actual patient, ask a clinical question, 
transform it into a PICO (patient-intervention-comparison-outcome) format and make a 
relevant PubMed search. Under careful teacher guidance and supervision they complete the 
patient file, and  analyze at least one research paper to answer the assigned clinical question. 

To follow the four basic steps of evidence-based medicine (1-ask a question, 2-acquire 
information, 3-appraise information, 4-apply evidence), clinical education  is supplemented 
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lectures, because it motivates learners' critical thinking skills. Even though much is known 
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based medicine started to develop at the same time period as the Internet. The skill of 
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literacy, but actually it is not. As reported by some authors (Hadley et al., 2007; Ilic et al. 
2011), a skill to efficiently retrieve best evidence still remains a crucial step in achieving 
competency in evidence-based practice. The integration of search skills training into 
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and practical use of evidence-based medicine principles.   

In this context, Tonelli (Tonelli, 2006) provoked a hot debate about integrating “real” 
evidence into practice as a substitute for standard evidence-based approaches. He 
introduced other kinds of medical knowledge, such as (a) empirical evidence, (b) 
experiential evidence, (c) pathophysiologic rationale, (d) patient goals and values, and (e) 
system features. He emphasized that none of the topics had a priority over others, and the 
relative importance of a topic would depend upon the circumstances of the particular case. 
The skilled clinician must weigh these potentially conflicting evidentiary and non-
evidentiary aspects for action to employ both practical and theoretical reasoning and to 
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integrated evidence based medicine curricula (Green, 2000). Some authors (Hmelo-Silver et 
al., 2000; Marcus et al., 2004) reported that traditional case-based instructional models could 
be re-designed to comply with evidence-based medicine principles exploiting most of the 
advantages of online technologies, but not in the pure format. This method is referred to as 
blended/hybrid learning, and it has been defined as the combination of face-to-face and 
online learning opportunities, while reducing classroom contact hours (Dziuban et al., 2004). 
At present (Donnelly, 2010; Kitchenham, 2011), blended learning represents a mainstream 
for universities and is seen as a leader in medical education. Learners can be flexible in their 
education, not constrained by time and distance and satisfied with information technology 
usage. In parallel, there are numerous advantages for the teachers (eg. better time 
management, cost savings), and particularly control over the main features of medical 
education,  including dehumanization of medicine (Graham 2004; Harding et al. 2005; De 
Silva et al., 2010; Aronoff et al., 2010). 

Other authors described advantages of blended learning as follows: 

“Inherent in blended learning is a fundamental redesign of the instructional model, shifting 
from lecture to student-centred instruction, increasing all forms of interaction and 
incorporating formative and summative assessment”(Twigg, 2003; Dziuban et al., 2004). 

„Blended learning is a combined and integrated use of e-Learning and face-to-face (F2F) 
learning activities to develop a community of learning“(Schaffer & Small, 2004). 

„Blended learning complements face-to-face classes with eLearning modules“ (Voos, 2003). 

„It is possible to bring the advantages of face-to-face classes and online courses together“.  

“It supports a wide range of learning models, such as situated, associative, systemic, 
simulative and constructivist learning which help to improve the quality of medical 
education” (Sharpe et al. 2006). 

„Clinical education that uses blended learning for communication and reflection may 
provide flexibility to address clinical placement logistics and may enhance student learning“ 
(Gray & Tobin, 2010).  

4.3 Process and outcomes 

The process of redesigning the existing undergraduate paediatric curriculum of Palacky 
University Olomouc (Czech Republic) started as a pilot project in 2007 with the goal to 
introduce basic principles of evidence based medicine to the 5th-year students of general 
medicine.  

The main change can be characterized as transition from the disease-oriented  education 
(DOE) to patient-oriented evidence that matters (POEM). Besides traditional lectures, 
seminars, outpatient and bedside teaching the students take a real case scenario exercise. 
What does that mean? In pairs, the trainees get an actual patient, ask a clinical question, 
transform it into a PICO (patient-intervention-comparison-outcome) format and make a 
relevant PubMed search. Under careful teacher guidance and supervision they complete the 
patient file, and  analyze at least one research paper to answer the assigned clinical question. 

To follow the four basic steps of evidence-based medicine (1-ask a question, 2-acquire 
information, 3-appraise information, 4-apply evidence), clinical education  is supplemented 
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with various formats of librarian-facilitated  search skills training, ie. mandatory non-
interactive online demonstration of PubMed search, elective small-group hands-on training, 
and web-based tutorial. Online learning materials are available through the Czech and 
Slovak educational network of medical faculties MEFANET (http://www.mefanet.cz). 
During case scenario exercise students get as much mentoring as necessary, both face-to-face 
and web-based, inluding the asynchronous communication service run by the university for 
registered users.  

In the end students present their case reports at a mini-conference and their performance is 
evaluated according to a set of pre-defined criteria by an assessment committee nominated 
by the head of the Paediatric Department. The redesigned curriculum was approved by 
Palacky University Medical Faculty management and officially introduced since academic 
year 2008/2009.  The portfolio of the main  innovative educational features contains patient-
oriented approach, evidence-based medicine workshop, evidence-based bedside teaching & 
learning, blended learning, technology-driven information gathering, library-facilitated 
interactive search skills training, real case scenario exercise, web-based information skills 
tutorial,  e-mentoring,  e-portal with  a collection of medical education materials MEFANET 
- http://mefanet.upol.cz 

4.4 Student feedback 

The pilot version of the innovated paediatric curriculum was assessed by a cohort of 106 
medical students during academic year 2007/2008. The questionnaire survey showed that 
up to 85 % of the respondents had expressed positive attitudes to the re-engineered 
curriculum, whilst 8 % had critical remarks and 7 % negative impressions (Fig. 1). Some of 
the student feedback issues were used by the curriculum developers to make minor changes 
and improvements. 

 
Fig. 1. Pilot version of redesigned paediatric curriculum : student feedback in academic year 
2007/2008. 

In the next two consecutive academic years 2008/2009 and 2009/2010  a total of 226 medical 
students who had completed the paediatric clerkship were surveyed by a questionnaire 
consisting of structured questions (1-to-5 rating + open-ended). The trainees expressed their 
opinion about perceived values of the curricular features, in particular value of practical 
training (Fig. 2), teachers’ willingness (Fig. 3), and impact of instruction on increased interest 
in the discipline (Fig. 4). The results demonstrate the following best scored instructional 
features : teachers’ willingness (score 1 by 72% respondents), quality of practical training 
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(score 1 by 44% respondents), and increasing  interest in the specialty (score 1 by 32% 
respondents).  

 
Fig. 2. Perceived value of practical training quality in the newly implemented paediatric 
curriculum in academic years 2008/2009 and 2009/2010. 

 
Fig. 3. Perceived value of teachers’ willingness in the newly implemented paediatriac 
curriculum in academic years 2008/2009 and 2009/2010. 

 
Fig. 4. Perceived value of increasing interest in the discipline due to the newly implemented 
paediatric curriculum in academic years 2008/2009 and 2009/2010. 
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Fig. 3. Perceived value of teachers’ willingness in the newly implemented paediatriac 
curriculum in academic years 2008/2009 and 2009/2010. 

 
Fig. 4. Perceived value of increasing interest in the discipline due to the newly implemented 
paediatric curriculum in academic years 2008/2009 and 2009/2010. 
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Open-ended questions produced some thought-provoking verbatims: 

„I found this learning activity refreshing, illustrative, enriching, BUT extremely time 
consuming...“ 

“For me, it was a waste of time, not a very efficient educational tool…I prefer textbooks.“ 

„In the beginning, I was hopeless, because I had no idea what it was going to be about. Later 
on I understood that searching databases should be always inevitable to find the best 
treatment option for my patients. Having completed the clerkship, I decided to become a 
paediatrician...“ 

„I  was especially fond of the EBM workshop, including demonstration how and why to 
search for relevant literature.“ 

“I am very happy that I had an opportunity to be trained how to search PubMed, even if the 
beginnings were not very easy. Now I feel competent enough to find what I need.“ 

There was a separate questionnaire survey among the same cohort of the students (n = 226) 
focused on their perceptions of 3 modes of information skills training that included 
mandatory non-interactive demonstration of a PubMed search, elective interactive small-
group hands-on classes and online tutorial with animations, fulltext examples of various 
study designs, templates for study design interpretation etc. There were 4 structured 
questions to reply. Up to 70 % of the students self-reported their post-training level of search 
skills as  average, but satisfactory to accomplish the task,  82 % of the respondents were fully 
satisfied with the hybrid instruction package consisting of a non-interactive PubMed search 
demonstration supplemented with the web-based search skills tutorial, whilst 14% did not 
find this package sufficient without subsequent interactive hands-on sessions. In this 
context, the survey data showed that nearly 62 % of the respondents regarded subsequent 
hands-on training as important, whilst a total of 45 % did attend the sessions. Fisher’s  exact 
test confirmed the statistically significant correlation (p<0.0001) between these two 
perceived values: 89 % of the hands-on session participants agreed on its efficiency, as well 
as up to 39 % of those who had not actually attended the interactive classes (Fig. 5). 

 
Fig. 5. Correlation between perceived value of hands-on search skills training and 
attendance in the training sessions (Fisher’s  exact test) among a cohort of medical students 
(n = 226) in academic years 2008/2009 and 2009/2010. 
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4.5 MEFANET portal platform 

As already mentioned, all of the multimedia online materials with various configurations 
(text, images, audio, video, PowerPoint presentations, databases, asynchronous discussion 
facilities) promoting implementation of a blended learning method for evidence-based 
paediatric clinical instruction are available from one peer-reviewed portal MEFANET 
(http://www.mefanet.cz) 

In 2007, the MEFANET project (MEdical FAculties NETwork) initiated an international, 
effective and open cooperation among 11 medical faculties in the Czech Republic and 
Slovakia. One of the elementary goals of this educational network has been to advance 
medical teaching with the use of modern information and communication technologies. As 
an instrument, the MEFANET team decided to develop an original and uniform solution to 
publish and share digital educational content. There are 3 fundamental principles across the 
portal platform: (1) medical disciplines linker, (2) federative framework for user 
authentication, (3) four-dimensional quality assessment (Schwarz et al., 2011). 

Authors of online instructional materials have the right to manage user access privileges. 
The access can be either free or requires authentication.  

The main gateway contains a collection of hundreds of digital learning materials developed 
by educators from different universities relevant to a total of 48 medical specialties. 
Currently, the network provides services to about 4,000 teachers and almost 22,000 medical 
and health sciences students.  

4.6 A proposal for developers of case-based learning environment in medicine 

a. Select attractive, authentic clinical problems to place students in medias res and motivate 
them to take responsibility for learning through decision-making; 

b. Encourage learners to solve the clinical problem in a way consistent with professional 
practice and methodologies (eg. include search skills training and journal clubs as 
educational interventions); 

c. Offer students as much support and guidance as possible; apply mentorship, but 
promote creative approaches, such as critical thinking, and keep them far from 
fragmented solutions and memorizing mere facts. 

5. Conclusion 
Two decades have been enough for the Internet to become an integral part of our daily 
activities.  Current students, often called YouTube generation, Millennials,  Generation Y, 
Net Generation, are unlikely to be satisfied with traditional teaching and learning methods. 
Medical students often prefer more visual and hands-on methods of information and 
knowledge acquisition (Ashraf, 2009). 

Based on our experience, we can argue that innovative clinical curricula should be a mixture 
of tradition, modern medicine, technology, and humanity. In such a way they have the 
power to increase students’ interest in the specialty if integrated with evidence-based 
practice, information literacy training, and supported by online learning materials (Fieschi et 
al., 2010; Trukhacheva et al., 2011; Motteram & Sharma, 2009). 
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Case-based learning belongs to the traditional educational interventions in medicine 
(Williams, 2005). We are in concert with the published opinions that a revival of case 
method, in particular with real patients and evidence-based, offers an effective alternative of 
interactive learning (Tarnvik, 2007). Medical students can get the authentic experience how 
best evidence is implemented at the point of care, including published research (Harden, 
2001). These aspects contribute to better motivation for their future jobs. In parallel, clinical 
teachers become more involved in evidence-based practice, their knowledgebase is 
improving and the usage of fee-based institutional information resources is more efficient. It 
is urgently needed that schools incorporate learner-centered teaching and medical educators 
implement innovative techniques engaging students and delivering them learning content 
in a time- and resource-efficient manner. 

The blended learning approach has been proven practical for medical instruction and opens 
new horizons for introducing Web 2.0 technologies in a reliable manner to support medical 
professionalism of future doctors. In our setting, we have had little experience with Web 2.0 
apps, so far limited to podcasting lectures (audio synched with PowerPoint). According to 
other authors, students appreciate online media as review of lectures or a substitute to 
attending a class (Brittain et al., 2006). 

Online learning & teaching requires a reliable ICT support, either to assist teachers, or 
enable e-publishing of the courses. E-publishing of medical learning materials is a specific 
issue due to teacher-student-patient relationships including ethical and law aspects. Our 5-
year- experience with MEFANET has confirmed the benefits of the centralized ICT support 
provided across academic networks. Our solution is applicable to other networks, both at 
national and international levels.  

Evidence-based medicine has been acknowledged as a dominant competency in modern 
health care services delivery. The capability to retrieve and critically appraise the published 
research has now an irreplaceable position in the portfolio of clinical skills. These information 
skills must be taught at the undergraduate level. Large-scale studies are needed to compare 
curricula with evidence-based instruction during pre-clinical and clinical years in terms of 
practical applicability and sustainability of the acquired skills (Khader et al., 2011). 

In spite of technological advances in the digital era (Web 1.0, Web 2.0 apps), medical 
education should and hopefully will retain its traditional humanistic feature through case-
based teaching/learning and peer-guided format, guaranteeing affective, pedagogic, and 
organizational support. While students find, filter, and focus, their teachers must be ready to 
act as guides, facilitators and mentors (Schichtel, 2010). 

The authors of this chapter had no ambition to encompass all aspects of Web 1.0 and Web 
2.0 apps in medical education worldwide. However, the recent WHO report emphasizes 
necessary multi-sectoral reforms in low- and middle-income countries to improve alignment 
between educational institutions and health services delivery (Celletti et al., 2011). Used in 
proper time, online teaching and learning will definitely be of the same value as in other 
regions. 

General visions to shape Generation Y medical education comprise above all (1) progress 
towards competency-based curriculum, (2) reduced fragmentation in clinical clerkships, (3) 
case-based and patient-oriented learning with implementation of evidence-based medicine 
principles, (4) reasonable use of online learning strategies combined with face-to-face 
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instruction, (5) regular monitoring, update and innovation of the web-based learning 
materials.  
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1. Introduction 
Distance learning (or eLearning) is considered one of the most rapidly evolving application 
areas of the Web that improves the traditional educational processes and methodologies of 
knowledge transfer. In recent years, there has been significant research and experimentation 
around the adaptation and personalization of the eLearning hypermedia that mainly concerns 
the timely delivery and adjustment of the content to user’s needs and perceptual 
characteristics. This chapter provides a new comprehensive approach of reconstructing 
eLearning content; by creating a user profile based on specific metrics of cognitive processing 
parameters (such as cognitive style, cognitive processing speed efficiency, working memory 
factors and affective parameters) that have specific impact into the information space. Such 
approach may be proved to be very useful in assisting and facilitating a student to better 
understand eLearning content and therefore increase his / her academic performance. In view 
of that, an adaptation and personalization Web-based environment has been developed. It is 
detached into a number of interrelated components, each one representing a stand alone Web 
system. An evaluation of the proposed environment is presented with the results being highly 
promising and encouraging for the continuation of our research, since there has been 
identified significant increase of learners’ academic performance when interacting with the 
personalized eLearning environment that is matched to their cognitive and affective 
parameters as well as  visual working memory span capabilities. 

Adapting to user context, individual features and behaviour patterns is a topic of great 
attention nowadays in the field of Web-based learning. A challenge is to design 
personalized interfaces and software enabling easy access to the learning content while 
being sufficiently flexible to handle changes in user’s context, perception and available 
resources. One of the key technical issues in developing personalization applications is the 
problem of how to construct accurate and comprehensive profiles of individual users and 
how these can be used to identify a user and describe the user behaviour. The objective of 
user profiling is the creation of an information base that contains the preferences, 
characteristics and activities of the user. 

There are some noteworthy applications in the area of Web personalization that collect 
information with various techniques from the users based on which they adapt the services 
content provided. Such systems, mostly commercial, are amongst others the Broadvision’s 
One-To-One (www.broadvision.com), Microsoft’s Firefly Passport (developed by the MIT 
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Media Lab), the Macromedia’s LikeMinds Preference Server, Apple’s WebObjects, etc. 
Other, more research oriented systems, include ARCHIMIDES (Bogonicolos et al. 1999), 
WBI (Maglio &  Barret 2000; Barret et al. 1997), BASAR (Thomas & Fischer 1997) and 
mPERSONA (Panayiotou & Samaras 2004). Significant implementations have also been 
developed with regards to the provision of adapted educational content to students using 
various adaptive hypermedia techniques. Such systems are amongst others, INSPIRE 
(Papanikolaou et al. 2003), ELM-ART (Weber & Specht 1997), AHA! (De Bra & Calvi 1998), 
Interbook (Brusilovsky et al. 1998), and so on. 

This chapter introduces a new approach in the field of adaptive hypermedia, which 
integrates cognitive and mental parameters and attempts to apply them on a Web-based 
learning environment. The goal of the proposed approach is to improve learning 
performance and, most importantly, to personalize Web-content to users’ needs and 
preferences, eradicating known difficulties that occur in traditional approaches. Based on 
the abovementioned considerations, an adaptive Web-based environment is overviewed 
trying to convey the essence and the peculiarities encapsulated. This system is an innovative 
Adaptation and Personalization Web-based System that is based on the proposed approach 
and a Comprehensive User Profile, mentioned above. 

In the proposed system, the notion of the user profile is extended, incorporating the User 
Perceptual Preferences, that serve as the primal personalization filtering element. This 
approach emphasizes on human factors that influence the visual and mental processes that 
mediate or manipulate new information that is received and built upon prior knowledge, 
respectively different for each user or user group. These characteristics, which have been 
primarily discussed in previous publications (Germanakos et al. 2005; Germanakos et al. 
2007), have a major impact on visual attention and cognitive processing that take place 
throughout the whole process of accepting an object of perception (stimulus), until the 
comprehensive response to it. 

A corresponding adaptive hypermedia system has been built following this approach 
(Germanakos et al. 2007a) and there is a continuing process of evaluating our methods and 
reforming both the theoretical model and the system. This chapter presents the results that 
are gathered from experiments conducted throughout the assessment procedure, in order to 
clarify at some extent whether such a combination of human factors is of importance in the 
area of educational adaptive hypermedia. 

Section 2 presents the theoretical background for the personalization research and 
introduces our new approach in the field of adaptive hypermedia, which integrates 
cognitive and mental parameters and attempts to apply them on a Web-based learning 
environment. Section 3 presents our adaptive hypermedia system which has been built 
following the approach given in the previous section. Section 4 presents the empirical 
evaluation of the proposed approach and the results from experiments that were conducted 
in the context of an educational Web-setting, which support our approach in terms of 
optimizing users’ performance in the sense of information comprehension. Section 5 
includes the conclusion and our possible future work.  

2. Theoretical background 
Web personalization is the process of customizing the content and structure of a Web site to 
the specific needs of each user by taking advantage of the user’s navigational behaviour. 
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Being a multi-dimensional and complicated area a universal definition has not been agreed 
to date. Nevertheless, most of the definitions given to personalization (Cingil et al. 2000; 
Blom 2000; Kim 2002) agree that the steps of the Web personalization process include: (1) the 
collection of Web data, (2) the modelling and categorization of these data (pre-processing 
phase), (3) the analysis of the collected data, and (4) the determination of the actions that 
should be performed. 

One of the main challenges in Personalization research is alleviating users’ orientation 
difficulties, as well as making appropriate selection of knowledge resources, since the 
vastness of the hyperspace has made information retrieval a rather complicated task (De Bra 
et al. 2004). Adaptivity is a particular functionality that distinguishes between interactions of 
different users within the information space (Eklund & Sinclair 2000; Brusilovsky & Nejdl 
2004). 

A system can be classified as personalized if it is based on hypermedia, has an explicit user 
model representing certain characteristics of the user, has a domain model which is a set of 
relationships between knowledge elements in the information space, and is capable of 
modifying some visible or functional parts of the system, based on the information 
maintained in the user model (Brusilovsky & Nejdl 2004; Brusilovsky 2001). In further 
support of the aforementioned concept of personalization, when referring to information 
retrieval and processing, one cannot disregard the top-down individual cognitive processes 
(Eysenck & Keane 2005), that significantly affect users’ interactions within the hyperspace, 
especially when such interactions involve educational or learning, in general, goals. 

Consequently, besides “traditional” demographic characteristics that commonly comprise 
the user model in personalized environments, we believe that a user model that 
incorporates individual cognitive characteristics and triggers corresponding mechanisms of 
adaptivity, increases the effectiveness of Web- applications that involve learning processes. 

2.1 User perceptual preferences 

In search of a model that combines the construct of cognitive style with other human 
information processing parameters, a three dimensional model is proposed (Tsianos et al., 
2007): Cognitive Style, Cognitive Processing Efficiency and Emotional Processing. The first 
dimension is unitary, whereas Cognitive Processing Efficiency is comprised of (a) Visual 
Working Memory Span (VWMS) (Baddeley, 1992) and (b) speed and control of information 
processing and visual attention (Demetriou et al., 1993). The emotional aspect of the model 
focuses on different aspects of anxiety (Cassady & Jonhson 2002, Cassady 2004, Spielberger 
1983), and self-regulation. 

The model contains all the visual attention and cognitive psychology processes (cognitive 
and emotional processing parameters) that completes the user preferences and fulfils the 
user profile. User Perceptual Preference Characteristics could be described as a continuous 
mental processing starting with the perception of an object in the user’s attentional visual 
field and going through a number of cognitive, learning and emotional processes giving the 
actual response to that stimulus, as depicted in Fig. 1, below. It is considered a vital 
component of the user profiling since it identifies the aspects of the user that is very difficult 
to be revealed and measured but, however, might determine his / her exact preferences and 
lead to a more concrete, accurate and optimized user segmentation.  
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Fig. 1. User Perceptual Preference Characteristics – Three-Dimensional Approach 

This “perceptual preferences” component / dimension of the user profile contains cognitive 
and emotional processes, aiming to enhance information learning efficacy. This model’s 
primary parameters formulate a three-dimensional approach to the problem (Germanakos 
et al. 2007b) outlined below: 

2.1.1 Cognitive processing efficiency 

The cognitive processing parameters (Demetriou & Kazi, 2001) that constitute the first 
dimension of our model consist of the: 

a. Actual speed of processing, that is further composed of the, (i) Control of processing 
(refers to the processes that identify and register goal-relevant information and block 
out dominant or appealing but actually irrelevant information); (ii) Speed of processing 
(refers to the maximum speed at which a given mental act may be efficiently executed); 
and (iii) Visual attention (based on the empirically validated assumption that when a 
person is performing a cognitive task, while watching a display, the location of his / her 
gaze corresponds to the symbol currently being processed in working memory and, 
moreover, that the eye naturally focuses on areas that are most likely to be informative).  

b. As mentioned above, in search of a more coherent approach, the term of working 
memory (Baddeley, 1981) has also been introduced as a personalization factor. (Visual) 
working memory span (VWMS), which refers to the processes that enable a person to 
hold visual information in an active state while integrating it with other information 
until the current problem is solved. A brief description of the working memory system 
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is that is consisted of the central executive that controls the two slave systems (visuo-
spatial sketchpad and phonological loop), plus the episodic buffer that provides a 
temporary interface between the slave systems and the Long Term Memory (Baddeley, 
2000). We are mainly interested in the notion of the working memory span, since it can 
be measured and the implications on information processing are rather clear. Due to the 
visual form of presentation in the web, we have focused especially on the on visual 
working memory (Loggie et al., 1990). In any case, each individual has a specific and 
restricted memory span. As to decrease the possibility of cognitive load in hypermedia 
educational environments (DeStefano & Lefevre, 2007), our system takes into account 
each users’ visual working memory span (VWMS), by altering the amount of 
simultaneously presented information. 

We measure each individual’s ability to perform control/speed of processing and visual 
attention tasks in the shortest time possible, with a specific error tolerance, while the 
working memory span test focuses on the visuo-spatial sketch pad sub-component 
(Baddeley 1992), since all information in the Web is mainly visual. 

2.1.2 Cognitive style 

We prefer the construct of cognitive rather than learning style because it is more stable 
(Sadler-Smith & Riding, 1999), and to the extent that there is a correlation with 
hemispherical preference and EEG measurements (McKay, 2003; Glass & Riding, 1999), the 
relationship between cognitive style and actual mode of information processing is 
strengthened. Moreover, the learning style is “a construct that by definition is not stable- it 
was grounded in process and therefore susceptible to rapid change” (Rayner, 2001). In 
addition, we are research-wise interested in individual information processing parameters, 
whereas the social implications of other learning typologies are not examined. 

More specifically, Riding and Cheema’s Cognitive Style Analysis (CSA) has been opted for. 
The CSA is derived from a factor analytic approach on previous cognitive style theories, 
summarizing a number of different yet highly correlated constructs into two distinct 
independent dimensions (Riding & Cheema, 1991). This covers a wide array of the former 
cognition based style typologies, without going into unnecessary depth- for the needs of 
hypermedia education that is. The dimensions is the holist/analytic and the 
imager/verbalizer; the former alters the structure and amount of learner control, while the 
latter affects the type of resources that are presented to provide the necessary educational 
information.  

Cognitive styles represent an individual’s typical or habitual mode of problem solving, 
thinking, perceiving or remembering, and “are considered to be trait-like, relatively stable 
characteristics of individuals, whereas learning strategies are more state-driven…” (McKay, 
2003). Amongst the numerous proposed cognitive style typologies (Cassidy, 2003; Kolb & 
Kolb, 2000; MyersBriggs et al., 1998) we favour Riding’s Cognitive Style Analysis (Riding, 
2001), because we consider that its implications can be mapped on the information space 
more precisely, since it is consisted of two distinct scales that respond to different aspects of 
the Web. The imager/verbalizer axis affects the way information is presented, whilst the 
wholist/analyst dimension is relevant to the structure of the information and the 
navigational path of the user. Moreover, it is a very inclusive theory that is derived from a 
number of pre-existing theories that were recapitulated into these two axes.  
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2.1.3 Emotional processing 

In our study, we are interested in the way that individuals process their emotions and how 
they interact with other elements of their information-processing system. Emotional 
processing is a pluralistic construct which is comprised of two mechanisms: emotional 
arousal, which is the capacity of a human being to sense and experience specific emotional 
situations, and emotion regulation, which is the way in which an individual is perceiving and 
controlling his emotions. We focus on these two sub-processes because they are easily 
generalized, inclusive and provide some indirect measurement of general emotional 
mechanisms. These sub-processes manage a number of emotional factors like anxiety and 
boredom effects, anger, feelings of self efficacy, user satisfaction etc. Among these, our 
current research concerning emotional arousal emphasizes on anxiety, which is probably the 
most indicative and present in educational cases, while other emotional factors are to be 
examined within the context of a further study. Anxiety is an unpleasant combination of 
emotions that includes fear, worry and uneasiness and is often accompanied by physical 
reactions such as high blood pressure, increased heart rate and other body signals (Kim & 
Gorman, 2005; Barlow, 2002). 

Accordingly, in order to measure emotion regulation, we are using the cognominal construct 
of emotion regulation. An effort to construct a model that predicts the role of emotion, in 
general, is beyond the scope of our research, due to the complexity and the numerous 
confounding variables that would make such an attempt rather impossible. However, there is 
a considerable amount of references concerning the role of emotion and its implications on 
academic performance (or achievement), in terms of efficient learning (Kort & Reilly, 2002). 
Emotional intelligence seems to be an adequate predictor of the aforementioned concepts, and 
is a grounded enough construct, already supported by academic literature (Goleman, 1995; 
Salovey & Mayer, 1990). Additional concepts that were used are the concepts of self-efficacy, 
emotional experience and emotional expression (Schunk, 1989). 

3. System design implications: A high level correlation diagram 
The greatest challenge is of course to extrude from the abovementioned theories the 
corresponding implications for an educational hypermedia environment. For a better 
understanding of the three dimensions’ implications and the UPPC model as well as their 
relation with the information space a diagram that presents a high level correlation of these 
implications with selected tags of the information space (keywords used in Web languages 
to define a format change or hypertext link) is depicted in Figure 2 (Germanakos et al., 
2008a; Germanakos et al, 2007a).  

These tags (images, text, information quantity, links - learner control, navigation support, 
additional navigation support, and aesthetics) have gone through an extensive optimization 
representing group of data affected after the mapping with the implications. The main 
reason we have selected the latter tags is due to the fact that represent the primary 
subsidiaries of a Web-based content. With the necessary processing, mapping and / or 
alteration we could provide the same content with different ways (according to a specific 
user’s profile) but without degrading the message conveyed. 

The particular mapping is based on specific rules created, liable for the combination of these 
tags and the variation of their value in order to better filter the raw content and deliver the 
most personalized Web-based result to the user. As it can be observed from the diagram 
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above each dimension has primary (solid line) and secondary (dashed line) implications on 
the information space altering dynamically the weighting of each factor on the creation of 
the environment.  

 
Fig. 2. Data – Implications Correlation Diagram 

According to theory, with regards to learning styles for example, the number of images (few or 
many) to be displayed has a primary implication on imagers, while text (more concise or 
abstract) has a secondary implication. The analytic preference has a main effect on the links 
(learner control and navigation support tag). Moreover, actual speed of processing parameters 
(visual attention, speed of processing, and control of processing) as well as working memory 
span primarily affect time availability during interaction process and information quantity 
respectively (see an example in Fig. 3). At this point it should be mentioned that in case of 
internal correlation conflicts primary implications take over secondary ones. 

Henceforth, with regards to the cognitive style, the number of images (few or many) for 
example to be displayed has a primary implication on imagers, while text (more concise or 
abstract) has a secondary implication. An analyst may affect primarily the links - learner 
control and navigation support tag, which in turn is secondary affected by high and 
medium emotional processing, while might secondary affect the number of images or kind 
of text to be displayed, consequently. Actual speed of processing parameters (visual 
attention, speed of processing, and control of processing) as well as working memory span 
are primarily affecting information quantity. Eventually, emotional processing is primarily 
affecting additional navigation support and aesthetics (the aesthetic enhancement of the 
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system was expected to have a positive effect on highly anxious learners), as visual attention 
does, while secondary affects information quantity (see Fig. 4). In order to experimentally 
assess the effect of individuals’ cognitive processing efficiency, we necessarily imposed time 
limitations within the learning process. By manipulating time limits, we examine how 
learners perform (level of comprehension). 

 
Fig. 3. A practical example of the Data – Implications Correlation Diagram 

 
Fig. 4. Content adaptation according to user’s comprehensive profile 
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Additionally, since emotional processing is the most dynamic parameter compared to the 
others, any changes occurring at any given time are directly affecting the yielded value of 
the adaptation and personalization rules and henceforth the format of the content 
delivered.A short description of the way that our system adapts to users’ preferences is 
needed in order to provide the reader an insight to our research framework. 

a. Cognitive style: There are two dimensions of users’ cognitive style that are mapped in 
the educational environment: the holist/analyst scale affects the structure and the 
amount of learner control, whereas the imager/verbalizer is related to the textual or 
graphical representation of information (where possible of course). 

b. VWMS: Each users’ visual working memory span is measured and classified. Users that 
have low levels of VWMS receive segmented content that is unfolded gradually. The 
main idea is to alleviate the possibility of cognitive overload, and is based on the notion 
that information processing is not sequential but parallel- therefore, the segmentation in 
clear-cut chunks may assist users’ with low VWMS. 

c. Cognitive Processing Efficiency: Since the term efficiency refers mainly to speed, in 
order to distinguish whether there is a relationship between users’ ability and the time 
required to complete an online course, we set different time limits for each category. 

d. Anxiety: In our experiments, if there were high levels of anxiety (on behalf of the user), 
we provided aesthetical enhancement of the environment and further annotations; in a 
sense, the aesthetical aspect predominates over functionality (in terms of font size, 
colours, annotations). 

Based on the abovementioned considerations an adaptive Web-based learning environment 
has been developed, trying to convey the essence and the peculiarities encapsulated. The 
current system, AdaptiveWeb1 is a Web application that can be ported both to desktop 
computer and mobile devices. The actual system, the psychometric tests and the course can 
be reached at http://www3.cs.ucy.ac.cy/adaptiveweb/. It is composed of four interrelated 
components, each one representing a stand-alone Web-based system (Germanakos et al., 
2008b). The AdaptiveWeb system is currently at its final stage. All the components, except 
the Semantic Web Editor have been developed and smoothly running. For this reason, all 
the tests implemented so far, to prove components efficiency as well as the effect of our 
cognitive three-dimensional model described above into the Web, have been based on 
predetermined online contents in the field of eLearning. The current system has been 
evaluated both at system’s response time performance and resources consumption, as well 
as with regards to users’ learning performance, with really encouraging results as it is 
described into the following sections. 

For experimental purposes, we have currently authored an e-learning multimedia 
environment with a predefined content for adaptation and personalization. This environment 
includes a course named “Introduction to Algorithms” and is a first year e-learning course 
environment that aims to provide students with analytic thinking and top-down methodology 
techniques for further development of constructive solutions to given problems.  

To get a better insight of the adaptation process and how data flows, we hereafter depict 
how the personalized content (the “Introduction to Algorithms” predefined environment) 
interacts with the Comprehensive User Profile, using specific mapping rules. Fig. 5 shows  
                                                                          
1 http://www3.cs.ucy.ac.cy/adaptiveWeb        
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Fig. 5. The Adaptation Process 
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the whole adaptation process. The system’s adaptation engine initially retrieves the actual 
profile characteristics of the user and then interprets the profile to conclude what 
implications the user’s characteristics have in the information space; what adaptation 
techniques to use on the content. Every Web-page is detached into standalone objects, each 
one having special characteristics (i.e. image diagram for Imagers or text object for 
Verbalizers). 

At this point the system has all the information necessary for adapting the content; the data - 
implications correlation diagram based on the user’s comprehensive profile and the content 
description of the particular Web-page. The next step is to map the implications with the 
Web-page’s content, for assembling the final version of the provider’s content. The content 
adapts according to the users’ preferences. The new, adapted content loads then onto the 
users’ device. 

Users log in the system providing their username and password to see adapted content. The 
corresponding profile loads onto the server and in proportion with their cumulative 
characteristics the content of the provider maps with the “Mapping Rules”, as described 
before. Based on theory (Sadler-Smith & Riding 1999), Analysts have a more analytic way of 
think; thus the navigation support provided (analytic description of definitions) is in popup 
windows, so they can manage the entire lesson, along with its definitions by themselves. In 
the learner control support (that is, the slide-in help panel from the top of the page) is a 
linkable sitemap of the whole e-learning lesson, plus the entire lesson’s definitions in 
alphabetic order.  

On the other hand, Wholists tend to have a wholistic approach of learning (Sadler-Smith & 
Riding 1999); thus the navigation support and learner control support is more restricted and 
is specifically provided for guidance. The analytic description of a definition is only shown 
in a tooltip when they move their mouse over it and the learner control shows them only the 
current chapter’s pages they learn and lets them navigate only to the next and the previous 
visited pages. 

4. Empirical evaluation of the proposed model in an educational environment 
This section presents the results from experiments that were conducted in the context of an 
educational Web-setting, which support our approach in terms of optimizing users’ 
performance in the sense of information comprehension. 

Sampling and Procedure 

All participants were students from the Universities of Cyprus and Athens with a sample of 
138 students. 35% of the participants were male and 65% were female, and their age varied 
from 17 to 22 with a mean age of 19. The environment in which the procedure took place 
was an e-learning undergraduate course on algorithms. The course subject was chosen due 
to the fact that students of the departments where the experiment took place had absolutely 
no experience of computer science, and traditionally perform poorly. By controlling the 
factor of experience in that way, we divided our sample in two groups: almost half of the 
participants were provided with information matched to their cognitive style, while the 
other half were taught in a mismatched way. We expected that users in the matched 
condition would outperform those in the mismatched condition. 
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In order to evaluate the effect of matched and mismatched conditions, participants took an 
online assessment test on the subject they were taught (algorithms). This exam was taken as 
soon as the e-learning procedure ended, in order to control for long-term memory decay 
effects. The dependent variable that was used to assess the effect of adaptation to users’ 
preferences was participants’ score at the online exam. 

At this point, it should be clarified that matching and mismatching instructional style is a 
process with different implications for each dimension of our model. These are described 
below: 

 Matched Cognitive Style: Presentation and structure of information matches user’s 
preference 

 Mismatched Cognitive Style: Presentation and structure of information does not 
coincide with user’s preference 

 Matched VWMS: Low VWMS users are provided with segmented information 
 Mismatched VWMS: Low VWMS users are provided with the whole information 
 Matched CPSE: Each user has in his disposal the amount of time that fits his ability 
 Mismatched CPSE: Users’ with low speed of processing have less time in their disposal 

(the same with “medium” users. 
 Matched Emotional Processing: Users with moderate and high levels of anxiety receive 

aesthetic enhancement of the content and navigational help 
 Mismatched Emotional Processing: Users with moderate and high levels of anxiety 

receive no additional help or aesthetics 

Questionnaires 

In this specific e-learning setting, Users’ Perceptual Preferences were the sole parameters 
that comprised each user profile, since demographics and device characteristics were 
controlled for. In order to build each user profile according to our model, we used a number 
of questionnaires that address all theories involved. 

 Cognitive Style: Riding’s Cognitive Style Analysis, standardized in Greek and 
integrated in .NET platform 

 Cognitive Processing Speed Efficiency: Speed and accuracy task-based tests that assess 
control of processing, speed of processing, visual attention and visuospatial working 
memory. Originally developed in the E-prime platform, we integrated them into our 
platform. 

 Core (general) Anxiety:  Spielberger’s State-Trait Anxiety Inventory (STAI) – 10 items 
(Only the trait scale was used). 

 Application Specific Anxiety: Cassady’s Cognitive Test Anxiety scale – 27 items 
(Cassady, 2004). 

 Current Anxiety: Self-reported measures of state anxiety taken during the assessment 
phase of the experiment, in time slots of every 10 minutes – 6 Time slots. 

 Emotion Regulation: This questionnaire was developed by us; cronbach’s α that 
indicates scale reliability reaches 0.718. 

Results 

As expected, in both experiments the matched condition group outperformed those of the 
mismatched group. Table 1 shows the differences of means (one way ANOVA) and their 
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statistical significance for the parameters of Cognitive Style (CS), Cognitive Processing 
Speed Efficiency (CPSE), and Emotional Processing (EM). 

As hypothesized, the mean score of those that received matched to their cognitive style 
environments is higher than the mean score achieved by those that learned within the 
mismatched condition (F(2,113)=6.330, p=0.013). This supports the notion that cognitive style 
is of importance within the context of Web-education and that this construct has a practical 
application in hypermedia instruction. The same applies with the case of Cognitive 
Processing Speed Efficiency: F(2, 81)=5.345, p=0.023). It should at least be of some 
consideration the fact that in case designers’ teaching style mismatched learners’ preference, 
performance may be lowered. 

In the case of Emotional Processing, results show that in case an individual reports high 
levels of anxiety either at the Core Anxiety or the Specific Anxiety questionnaire, the 
matched condition benefits his/her performance (F(2, 81)=4.357, p=0.042). 
 

 Match 
Score 

Match 
n 

Mis-match 
Score 

Mis-match 
n 

F Sig. 

CS 66.53% 53 57.79% 61 6.330 0.013 
CPSE 57.00% 41 48.93% 41 5.345 0.023 
EP 57.91% 23 48.45% 29 4.357 0.042 

Table 1. Differences of means for Cognitive Style and Cognitive Processing Speed Efficiency 

The relatively small sample that falls into each category and its distribution hamper 
statistical analysis of the working memory (WM) parameter.  

 
Fig. 6. Differences of matched and mismatched condition regarding each personalization 
parameter 

In any case, the difference between those with high WM and those with low WM, when 
both categories receive non-segmented (whole) content, approaches statistical significance: 
57.06% for those with High WM, 47.37% for those with Low WM, Welch statistic= 3.988, 
p=0.054. This demonstrates that WM has indeed some effect on an e-learning environment. 
Moreover, if those with low WM receive segmented information, then the difference of 
means decreases and becomes non-significant (57.06% for High WM, 54.90% for those with 
Low WM, Welch statistic=0.165, p=0.687). All the aforementioned differences between the 
matched and the mismatched condition are illustrated in Figure 6. 
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EP 57.91% 23 48.45% 29 4.357 0.042 

Table 1. Differences of means for Cognitive Style and Cognitive Processing Speed Efficiency 

The relatively small sample that falls into each category and its distribution hamper 
statistical analysis of the working memory (WM) parameter.  

 
Fig. 6. Differences of matched and mismatched condition regarding each personalization 
parameter 

In any case, the difference between those with high WM and those with low WM, when 
both categories receive non-segmented (whole) content, approaches statistical significance: 
57.06% for those with High WM, 47.37% for those with Low WM, Welch statistic= 3.988, 
p=0.054. This demonstrates that WM has indeed some effect on an e-learning environment. 
Moreover, if those with low WM receive segmented information, then the difference of 
means decreases and becomes non-significant (57.06% for High WM, 54.90% for those with 
Low WM, Welch statistic=0.165, p=0.687). All the aforementioned differences between the 
matched and the mismatched condition are illustrated in Figure 6. 
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Correlations and Statistics of Emotional Processing Constructs 

The emotional processing factor is discussed further due to the fact that it can be applied in 
various environments that relate to performance but do not require extended use of 
cognitive resources. 

It is observed in Table 2 that all types of anxiety are positively correlated with each other 
and are negatively correlated with emotion regulation. These findings support our 
hypothesis and it can be argued that our theory concerning the relationship between anxiety 
and regulation has a logical meaning. There is also an even stronger relationship between 
emotion regulation and core (F(2,92)=18.554, sig.=0.00) and specific anxiety (F(2,92)=15.226, 
sig.=0.00) respectively. This statistically significant analysis of variance for each anxiety type 
shows that if participants are categorized according to their emotional regulation ability, 
then the anxiety means vary significantly with the high regulation group scoring much 
higher than the low one. Finally, table 3 demonstrates that the two conditions (matched 
aesthetics/mismatched aesthetics) are differentiating the sample significantly always in 
relation with performance. Participants in the matched category scored higher than the ones 
in the mismatched and additionally lower anxious (core or specific or both) scored higher 
than high anxious, always of course in relation to match/mismatch factor. 
 

 Core 
Anxiety 

Application 
Specific Anxiety 

Current 
Anxiety

Emotion 
Regulation 

Core Anxiety 1 .613(**) .288(**) -.569(**) 
Application Specific Anxiety .613(**) 1 .501(**) -.471(**) 
Current Anxiety .288(**) .501(**) 1 -.094 
Emotion Regulation -.569(**) -.471(**) -.094 1 

**  Correlation is significant at the 0.01 level (2-tailed). 

Table 2. Correlations of types of anxiety and emotion regulation 

Dependent Variable: Score % 
 

Source Type III Sum of Squares df Mean Square F Sig. 
 (a)     
Matched Aesthetics 1097.361 1 1097.361 4.238 .043 
core_groups* 
specific_groups* 
Matched Aesthetics 

983.259 1 983.259 3.797 .055 

(a)  R Squared = .102 (Adjusted R Squared = .017) 

Table 3. Multifactorial ANOVA (Factors - Core Anxiety, Application Specific Anxiety and 
Aesthetics) 

We also found that participants with low application specific anxiety perform better than 
participants with high specific anxiety in both matched and mismatched environments. 
Additionally, in categories that a certain amount of anxiety exists, match-mismatch factor is 
extremely important for user performance. Participants with matched environments scored 
highly while participants with mismatched environments had poor performance. Emotion 
regulation is negatively correlated with current anxiety. High emotion regulation means low 
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current anxiety and low emotion regulation means high current anxiety. Finally, current 
anxiety is indicative of performance. High current anxiety means test scores below average 
while low current anxiety means high scores. 

5. Conclusion and future work 
Considering the user as a vital part of computer-mediated systems may improve the quality 
of services offered, especially if the aim is learning or higher order information processing is 
involved. It makes sense that if one examines the characteristics of a device or the location of 
the user in providing eServices, the same should be applied with the case of human factors. 
In the same way that a device has a certain processing ability, individuals differ in their 
perceptual and processing preferences and abilities. Therefore, it could be supported that an 
essential part of HCI are the users themselves. 

In this chapter a new approach in the field of adaptive hypermedia is described, which 
integrates cognitive and mental parameters and attempts to apply them on a Web-based 
learning environment. The approach emphasizes on human factors that influence the visual 
and mental processes that mediate or manipulate new information that is received and built 
upon prior knowledge, respectively different for each user or user group. The goal of the 
proposed approach is to improve learning performance and, most importantly, to 
personalize Web-content to users’ needs and preferences, eradicating known difficulties that 
occur in traditional approaches. An innovative Adaptation and Personalization Web-based 
System has been build and presented in the chapter incorporating the User Perceptual 
Preferences, that serve as the primal personalization filtering element. This chapter also 
presents the results that are gathered from experiments conducted throughout the 
assessment procedure, in order to clarify at some extent whether such a combination of 
human factors is of importance in the area of educational adaptive hypermedia. 

The empirical study on the field of e-learning presented above demonstrates that an 
“intrinsic” context aware application (in our perspective) is proven helpful for users and an 
actual benefit is objectively measured. All things considered, such a statistically significant 
effect that is consistent to the psychological theories supporting it is rather encouraging for 
the notion of expanding individual differences theories to various research areas. 

The next step of our work, is the integration of the remaining parameters of our proposed 
model as personalization factors in e-learning environments. With regards to emotional 
processing, we are setting out a research framework that involves the use of sensors and 
real-time monitoring of emotional arousal (Galvanic Skin Response and Heart Rate) (Psaltis 
& Mourlas, 2011).  

Thus, describing the user, he/she requires a multi dimensional model of representation, 
which should incorporate cognitive and emotional characteristics that seem to have a main 
effect in interacting with applications that involve information processing. It is not argued of 
course that demographical and “traditional” profiling characteristics are of lesser 
importance; our proposed model could have a modular role in a setting that defines context 
in a variety of ways, by adding another dimension focused on intrinsic processes. 

At this point of research, it seems that these differences are indeed important, and the way that 
theory was put into practice in our system did seem to be functional. There are of course many 
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considerations regarding the generalization of this approach, and further experimental 
evaluation is required; still, especially within an educational environment, we have clear 
indications that user’s intrinsic characteristics may be used in a meaningful manner. 
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1. Introduction 
Recitation of the Holy Quran is governed by a variety of rules called "Tajweed rules" 
(Correct pronunciation of the Holy Quran). Reciting the Holy Quran in the appropriate way 
is very important for all Muslims and is indispensable in Islamic worshiping such as 
prayers. So, teaching how to recite it correctly was transmitted, since its revelation to the 
prophet (PBUH), orally from teachers to learners throughout generations. Such a method 
has been considered as the only way to learn it until the twentieth century, where 
technology produced recording systems and electronic devices that are able to keep both 
text and sound of the Quran with tajweed rules. Since then, it becomes possible to listen 
Quranic recitations recorded from authentic reciters. Many computer-programs have been 
then appeared to assist novice learners by listening while following corresponding text on 
the screen. However, efforts spent by the computer scientists in general for the sake of the 
noble Quran are still limited and have been concentrated only on the direct application of 
the Information Technology techniques, such as storing, listening, searching, etc, without 
using more elaborated techniques in the domain. 

This work is a part of a project aiming to build a computerized-environment for learning the 
Holy Quran and its sciences (Computerized teaching of the Holy Quran "CTHQ") (Elhadj et 
al., 2010a). Our objective in the CTHQ project was to improve computerization of the Holy 
Quran by introducing advanced techniques and methodologies. Four main tracks have been 
designed to carry out this project. In the first track, an environment for teaching how to 
memorize the Holy Quran in a manner similar to the usual way followed in the Quranic 
inculcation schools was proposed (Alsughayeir & Elhadj, 2006;  Elhadj, 2010). In the second 
track, automatic speech recognition technologies have been used to teach how to recite the 
Holy Quran correctly (Alghamdi et al., 2007; Elhadj et al., 2012, 2010b, 2009; Elhadj, 2009a, 
2009b). In the third track, techniques for determining the similarity (tashaboh) between 
verses (ayahs) of the noble Quran were investigated (Alsughayeir & Ohali, 2007). Computer-
tools have been developed for analyzing the text of the noble Quran based on complete 
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track, automatic speech recognition technologies have been used to teach how to recite the 
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2009b). In the third track, techniques for determining the similarity (tashaboh) between 
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2009c, 2009d). In the fourth track, our focus was on the automatic processing of tajweed 
rules by proposing a mathematical formulation of these rules that can be easily processed by 
a machine (Elhadj & Aoun-Allah, 2011; Elhadj et al., 2009e). In this chapter, we discuss how 
this kind of formulation was proposed, its advantages and benefits, and how it was 
programmed in an efficient plug-in engine. The development of an e-learning system for 
tajweed rules that uses this engine will also be presented. A general integrated environment 
for self-learning of the holy Quran and its sciences including Tajweed will be also briefly 
introduced. 

This chapter proceeds as follows. Sections 2, 3, and 4 deal with Tajweed where the first one 
presents an introduction. Section 3 surveys previous efforts to computerization of Tajweed 
whereas Section 4 concentrates on our new formulation. We discuss in Section 5 a 
prerequisite to our engine of automatic processing of Tajweed rules, which is detailed in 
Section 6. Our Tajweed Learning System (ETaj) will be presented in the Section 7 and a 
couple of its important interfaces will be given in Section 8. Finally, before concluding this 
chapter, we shortly present a global learning environment for Quran and its sciences 
composed of several subsystems including Tajweed teaching system. 

2. Overview of Tajweed rules 
Reading of the Holy Quran is quite different from the reading of a normal Arabic text due to 
the pronunciation rules that have to be respected during the recitation. As an example, 
consider the duration of vowels that may vary from 2 to 6 times that of a single consonant 
depending on the context. Indeed, there are two kinds of vowels in the Arabic language, 
short vowels which are keystrokes placed either above or below the preceding consonant 
and long vowels which denotes a certain repetition of short vowels. There are also other 
tajweed rules related to: 

a. types of nasalization (called "ghunnah غنة"),  
b. heaviness and lightness (called respectively "tafkheem تفخيم" and "tarqeeq ترقيق"), which 

means making some sounds emphatic or non-emphatic,  
c. types of stops which means making a voiceless break at a Quranic word for a brief 

moment (called "waqf وقف"),  
d. degrees of vibrations or unrest (called "qalqalah قلقلة") which means producing the 

voiced stop consonants with a schwa-like sound at the end, 
e. etc. 

To preserve the Holy Quran from any alteration in its pronunciation and then to guarantee 
its perfect reading, early Muslim scholars described Quranic recitation methods very 
accurately by textual rules as well as sound ones. These descriptions are classified into 
categories depending on some sound properties or features. These categories are often 
summarized as follows: 

a. category "Noon sakinah" & "Tanween" (باب النون الساكنة والتنوين) 
b. category "Meem sakinah" (باب الميم الساكنة) 
c. category "Qalqalah" (باب القلقلة) 
d. category "Tafkheem" & "Tarqeeq" (باب التفخيم والترقيق) 
e. category “Al Mad” (lengthening باب المد   ) 
f. etc. 
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Each category has a set of rules governing the pronunciation of underlying sounds. More 
details regarding the classification of Tajweed rules can be obtained from the official site of 
King Fahd Complex for the Printing of Holy Quran at this link: www.qurancomplex.org. 

3. Previous efforts related to computerization of Tajweed 
Teaching how to apply Tajweed rules during Quranic recitation has been done through 
teachers who pronounce the Quranic sounds accurately. With the era of computers, it becomes 
possible to computerize the learning process of Tajweed, but this need an appropriate 
description of its rules. To the best of our knowledge, there was no attempt to describe them 
by a scientific algorithm, which could be processed automatically by a machine. This was a 
conclusion from a large survey we conducted on the Quranic software currently available on 
the market, which was published in (Alsughayeir & Elhadj, 2006). The methodology employed 
to conduct this study consisted of collecting a maximum number of Quranic applications, 
either for desktop, web-based or hand-held applications. Each application was separately 
studied and evaluated in order to know the characteristics and services it offers. 

It appeared that softwares developed for the sake of the Holy Quran are still very limited 
either in their objectives or in the term of availability and relevance of features. Regarding 
the Tajweed by itself, it was only given as a small part of the surveyed programs. It is 
offered, at almost all programs, in a classical manner as textual lessons with some graphical 
explanation of sound production. No dynamic interaction was proposed to allow, neither 
efficient learning nor any kinds of intelligent processing. 

4. New formulation of Tajweed rules 
In order to find a scientific formulation of tajweed rules, we studied them thoroughly with 
the assistance of an expert in the domain and finally we came out with the conclusion that 
almost all Tajweed rules described textually by scholars could be written in a scientific 
manner and consequently automatically treated by a computer.  

Our study concluded that to extract the tajweed rule for any letter the maximum number of 
words concerned by the rule is two; i.e. either the previous or the following word. And in 
terms of letters, there are at most 6 letters concerned by the rule which are either preceding 
or following the letter itself. Moreover, many rules are applicable only to a letter at the end 
of a word which is easily detectable by comparing the next letter to a space character. 

For instance, in the category of “Noon Sakinah” & “Tanween” if any letter “Noon Sakinah” 
or diacritic “Tanween” appears at the end of a word followed by any of these characters “ي 
 in the following word then the 2 letters should be assimilated. Moreover, this ”ن و ل م ر
category is subdivided into two sections where the assimilation could be with “Ghunnah” (a 
sound effect) or without when the letter is followed respectively by “ن و م ي” or “ل ر”. We 
proposed a whole scientific formulation of such textual description of rules into machine 
readable rules as indicated in the example in Table 1 taking in consideration the following 
notations: 

a. “C” means the character treated and “S” its diacritic 
b. “C+1” or “C-1” represent respectively the character (or characters separated by a 

comma) immediately following (rep. preceding) the character treated. 
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the assistance of an expert in the domain and finally we came out with the conclusion that 
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manner and consequently automatically treated by a computer.  

Our study concluded that to extract the tajweed rule for any letter the maximum number of 
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terms of letters, there are at most 6 letters concerned by the rule which are either preceding 
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 in the following word then the 2 letters should be assimilated. Moreover, this ”ن و ل م ر
category is subdivided into two sections where the assimilation could be with “Ghunnah” (a 
sound effect) or without when the letter is followed respectively by “ن و م ي” or “ل ر”. We 
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c. And in the same way we define “C+2”, “C+3”,… or “C-2”, “C-3”,… according to the 
extent of the rule. 

d. “*” is used as a wildcard character to replace any letter or diacritic. 
e. “Space” represents a space character (between two words). 
f. “Text” is human comprehensible message to be displayed to the user if needed. 
g. And finally, the “Ruling” of the rule which denotes its name. 
 
 

C =    ن          ;  S  =  ◌ْ ; 
C+1 = Space;  S = *  ; 
C+2 =  ي,و,م,ن ; S= *; 
Text =    نة في حروف تدغم النون الساكنة بغ
 (ي،و،م،ن)
Ruling = IdghamGhunnah 

 C = *           ; S =   ٌ ً ◌ٍ ; 
C+1 = Space;   S = * ; 
C+2 = ي,و,م,ن;  S = *  ; 
Text  = يدُغم التنوين بغنة في حروف 
 (ي،و،م،ن) 
Ruling = IdghamGhunnah 

(Table 1.B) 
 

 (Table 1.A) 

C-1  = *       ; S =  ◌ً   ; 
C     = ى  ا     ; S = *   ; 
C+1 = Space ; S = *  ; 
C+2 = ي,و,م,ن; S = *  ; 
Text  =  يدُغم التنوين بغنة في
 حروف(ي،و،م،ن)
Ruling = IdghamGhunnah 

 C     = م        ; S =  ◌ْ   ; 
C+1 = Space ; S = *   ; 
C+2 = م        ; S = *  ; 
Text  =  تدُغم الميم في الميم إدغامًا شفويا
 بغنة
Ruling = IdghamGhunnah 

(Table 1.D)  (Table 1.C) 

Table 1. Rules describing a couple of cases of assimilation with Ghunnah 

Table 1.A (resp. Table 1.B) describes a rule stating that if any character with a “tanween” 
diacritic (resp. a “Noon” character with “Sakn” diacritic) at the end of a word followed by a 
word starting by any of “ن و م ي” letters, then there is assimilation with Ghunnah. Table 1.D 
describes a special case of the rule in Table 1.B where “tanween” is followed by a 
“lenghthening” at the end of the word. Finally, Table 1.C deals with a “Meem” character 
with “Sakin” diacritic as last letter in a word followed by “Meem” character with any 
diacritic as first letter in the next word and where the ruling is the same as previously. 

Using this technique of writing “tajweed” rules, we finished describing those of 5 most 
important categories (or chapters): “Al Mad” (lengthening), “qalqala” (unrest), “Noon 
Sakinah” & “Tanween”, “Meem Sakinah”, and "Tafkheem" & "Tarqeeq".  This results in a 
total number of almost 200 rules. Moreover, any advanced tajweed rule could be easily 
added by writing it as described earlier in the rules text file. 

Notice that we faced many difficulties in writing our rule set as described above. The most 
important difficulty was the overlap of rules. This situation happens when more than one 
rule could be triggered for one letter. For instance, in the word “السماء” we have a 
lengthening of obligatory 4 cycles but when it is the last word in a verse it changes to 
optionally 2, 4 or 6 cycles. To overcome this overlap, we added to each rule a priority in 
order to avoid the conflict between triggered rules and by choosing only the rule with the 
highest priority. 
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5. Need of a textual version of the Holy Quran with full diacritics 
The Holy Quran is generally written in a special font which could not be edited in text 
editor software. Consequently, a text editable version of the Holy Quran that contains no 
missing diacritic was necessary to get our automatic processing works correctly. However, 
this textual editable version as we need it was almost inexistent. Therefore, we looked for 
the most agreed version to which we manually added full diacritics and then it was given to 
scholars for revision and validation. 

6. Automatic processing of Tajweed rules: Taj Engine (TajE) 
The Tajweed rule set described in section 4 is interpreted by an inference engine (TajE) able 
to deal with our rulings formulation and that can be used alone (See Figure 1) or integrated 
with other components for both identification and verification of Tajweed rules in any 
Quranic verse (or even any Arabic diacritized text).  

 
 

 

 

Fig. 1. Structure of the Taj Engine 

This inference engine works like an expert system inference engine in forward chaining and 
one level inference. In other words, for each character of the treated text, our engine tests all 
rules once to find the rule or those rules that could be triggered. Conflicting rules are treated 
by the rule priority explained in Section 4. 

As presented earlier, TajE engine could be used either for identification or for verification of 
Tajweed rulings. The first option (identification) aims to extract Tajweed rulings from 
Quranic verses. It is very helpful in different situation, especially to assist a student during 
his memorization of the Holy Quran. 

The second option (verification) of the TajE engine is to ensure if a Tajweed ruling really 
occurred in a specific place in the Quranic verse (See Figure 2). This is also a very important 
property as it can be used in an interactive manner for teaching and correcting Tajweed 
exercises. A detailed typical exercise scenario is described in the following section. 
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C+1 = Space ; S = *  ; 
C+2 = ي,و,م,ن; S = *  ; 
Text  =  يدُغم التنوين بغنة في
 حروف(ي،و،م،ن)
Ruling = IdghamGhunnah 
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C+1 = Space ; S = *   ; 
C+2 = م        ; S = *  ; 
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(Table 1.D)  (Table 1.C) 

Table 1. Rules describing a couple of cases of assimilation with Ghunnah 

Table 1.A (resp. Table 1.B) describes a rule stating that if any character with a “tanween” 
diacritic (resp. a “Noon” character with “Sakn” diacritic) at the end of a word followed by a 
word starting by any of “ن و م ي” letters, then there is assimilation with Ghunnah. Table 1.D 
describes a special case of the rule in Table 1.B where “tanween” is followed by a 
“lenghthening” at the end of the word. Finally, Table 1.C deals with a “Meem” character 
with “Sakin” diacritic as last letter in a word followed by “Meem” character with any 
diacritic as first letter in the next word and where the ruling is the same as previously. 
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important categories (or chapters): “Al Mad” (lengthening), “qalqala” (unrest), “Noon 
Sakinah” & “Tanween”, “Meem Sakinah”, and "Tafkheem" & "Tarqeeq".  This results in a 
total number of almost 200 rules. Moreover, any advanced tajweed rule could be easily 
added by writing it as described earlier in the rules text file. 

Notice that we faced many difficulties in writing our rule set as described above. The most 
important difficulty was the overlap of rules. This situation happens when more than one 
rule could be triggered for one letter. For instance, in the word “السماء” we have a 
lengthening of obligatory 4 cycles but when it is the last word in a verse it changes to 
optionally 2, 4 or 6 cycles. To overcome this overlap, we added to each rule a priority in 
order to avoid the conflict between triggered rules and by choosing only the rule with the 
highest priority. 
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5. Need of a textual version of the Holy Quran with full diacritics 
The Holy Quran is generally written in a special font which could not be edited in text 
editor software. Consequently, a text editable version of the Holy Quran that contains no 
missing diacritic was necessary to get our automatic processing works correctly. However, 
this textual editable version as we need it was almost inexistent. Therefore, we looked for 
the most agreed version to which we manually added full diacritics and then it was given to 
scholars for revision and validation. 

6. Automatic processing of Tajweed rules: Taj Engine (TajE) 
The Tajweed rule set described in section 4 is interpreted by an inference engine (TajE) able 
to deal with our rulings formulation and that can be used alone (See Figure 1) or integrated 
with other components for both identification and verification of Tajweed rules in any 
Quranic verse (or even any Arabic diacritized text).  

 
 

 

 

Fig. 1. Structure of the Taj Engine 

This inference engine works like an expert system inference engine in forward chaining and 
one level inference. In other words, for each character of the treated text, our engine tests all 
rules once to find the rule or those rules that could be triggered. Conflicting rules are treated 
by the rule priority explained in Section 4. 

As presented earlier, TajE engine could be used either for identification or for verification of 
Tajweed rulings. The first option (identification) aims to extract Tajweed rulings from 
Quranic verses. It is very helpful in different situation, especially to assist a student during 
his memorization of the Holy Quran. 

The second option (verification) of the TajE engine is to ensure if a Tajweed ruling really 
occurred in a specific place in the Quranic verse (See Figure 2). This is also a very important 
property as it can be used in an interactive manner for teaching and correcting Tajweed 
exercises. A detailed typical exercise scenario is described in the following section. 
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Fig. 2. Taj Engine used for verification 

7. Tajweed learning system: ETaj 
Our main objective is to design an easy to use e-learning system for Tajweed using our 
developed TajE engine. It is intended to be used by students to help them learning, verifying 
their knowledge, and to train them on Tajweed for the noble intention of correctly reciting 
the Holy Quran. 

The proposed system has been designed to include the following features: 

a. General Rules of Recitation and its Ethics: these are stored guidelines about general 
rules of recitation like position of stops and their rulings. Reading ethics like “Estiatha 
 .etc. are also included ,”البسملة and “Basmalah ”الإستعاذة

b. Tajweed Rulings: this option offers to the student rich text lessons about Tajweed 
rulings along with examples in text and audio formats. The student could interact with 
by pausing, stopping or replaying the audio files. 

c. Exercises: they cover all Tajweed categories and are taken by student using TajE engine 
described in the previous section. A typical scenario is given below. Another option for 
examination is offered to students to pass examinations in a manner very similar to 
exercises but in a less helpful way and by assigning a final mark to the learner. 

Exercises and examination options of ETaj system are implemented as follows: 

a. A student starts by choosing the Tajweed category he wants to practice or be tested on. 
b. According to his choice, all rulings under the category will be displayed with a specific 

color associated to each ruling. 
c. Besides, a verse or a couple of verses chosen randomly will be displayed too. We notice 

here that the selection of verses is totally random among all Quran verses and having a 
fixed minimum number of the selected category rulings. This property offers to our 
system a great dynamic aspect. The selection process is either done on the fly by 
searching the Holy Quran using first option of the TajE engine to extract verses with the 
minimum number of rules, or by selecting them from a database of ruling occurrences 
already filled using our TajE engine beforehand. Obviously, the first technique is slower 
than the second but requires less storage space. However, we chose the second 
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technique for the simple reason that is the fastest way since a non-negligible treatment 
is done beforehand and also to guarantee a good response time for the system. 

d. At this moment, the student is invited to select letters where Tajweed rulings appear. 
This process is achieved by the learner by choosing a color (i.e. a category ruling) and 
then selecting the appropriate letters. The student is free to change or to remove his 
selections until he decides to validate his choices. 

e. Once validated, choices are treated automatically by TajE engine and a report is 
displayed to the student containing the incorrect and missing selections along with the 
necessary explanations (i.e. the field “Text” in the rule, See section 4). 

Figures 3 and 4 show respectively the structure of the proposed ETaj system and its 
architecture. 

Moreover, we aim to add to the system a new feature allowing the user to specify the 
“narration” which will influence all the above features. We mention that our current system 
supports only “Hafs” narration. 

8. Most important interfaces of the ETaj system 
ETaj has been designed to be easy to use and to allow great interaction with the user. It is 
implemented in the .Net framework using C# and JavaScript as well as other advanced 
technologies. Our database is implemented using MySql as a database management system 
as it is free and it offers very excellent features and performance. The most important 
interfaces of the system are introduced in the following sections.  
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technique for the simple reason that is the fastest way since a non-negligible treatment 
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This process is achieved by the learner by choosing a color (i.e. a category ruling) and 
then selecting the appropriate letters. The student is free to change or to remove his 
selections until he decides to validate his choices. 

e. Once validated, choices are treated automatically by TajE engine and a report is 
displayed to the student containing the incorrect and missing selections along with the 
necessary explanations (i.e. the field “Text” in the rule, See section 4). 

Figures 3 and 4 show respectively the structure of the proposed ETaj system and its 
architecture. 
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8. Most important interfaces of the ETaj system 
ETaj has been designed to be easy to use and to allow great interaction with the user. It is 
implemented in the .Net framework using C# and JavaScript as well as other advanced 
technologies. Our database is implemented using MySql as a database management system 
as it is free and it offers very excellent features and performance. The most important 
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Fig. 4. Architecture of the ETaj system 

If we access the system, the following menu will appear to the user: 

 
Fig. 5. Main menu of the ETaj system 
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From this main menu, we can navigate to different options in the system. If we click, for 
example one of the tajweed rulings, a page like the following is displayed: 

 

 
Fig. 6. Tajweed rulings page 

Three main parts are enclosed in this page: one for the tajweed category and its rulings that 
can be navigated one after another (Figure 6 (a)), the content of the current ruling (Figure 6 
(b)), and examples of the ruling (Figure 6 (c)): 

 

 
Fig. 6(a). Tajweed category and its rulings 
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Fig. 6(b). Content of a ruling 

 

 
Fig. 6(c). Examples of a tajweed ruling 

Now, if we click on the "exercises" option, we will be redirected to a page where we can 
choose the category of tajweed we want to practice (Figure 7): 

 
 

 
Fig. 7. Exercise selection page 

Once the category is selected, a page like that of Figure 8 is displayed and the user is asked 
to navigate the category rulings and to select their occurrences in the ayah that has been 
randomly chosen. This is done in the same manner as explained previously in section 7. 
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Fig. 8. Exercise page 

After finishing determining places of ruling occurrences, a page result (see Figure 9) is 
displayed 

 
Fig. 9. Page Result 

9. General integrated environment for self-learning of the Holy Quran 
The Tajweed learning system is a part of a fully integrated environment developed for self-
learning of the holy Quran and its sciences. This environment comprises four subsystems in 
addition to the ETaj system: subsystem for learning how to recite and memorise the holy 
Quran, subsystem for studying the similarity between Quranic terms and verses, subsystem 
providing the most relevant features that learners of the holy Quran may need such as 
(Erab"الإعراب", Nuzoul “اسباب النزول”, Tafseer “التفسير”, Ejaz“الإعجاز العلمي”, etc.), and finally a 
reach library providing authentic sources from which the relevant features are taken. The 
three main subsystems will be briefly described in the following sections to get picture of 
this environment. 

9.1 The memorization subsystem: E-halaga 

The E-halaga system is designed based-on the Quran memorization halaga “حلقات تحفيظ القرآن” 
approach (E-halaga means electronic halaga). It simulates the real one in having tutors, 
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supervisor, and registered students. E-halaga allows four main types of users with specific 
roles: administrator, supervisor, tutor, and student. Roles are distributed hierarchically to 
allow a great flexibility over the system. The creation of the E-halaga is done by its 
supervisor, which is in turn created by the system administrator. The supervisor is 
responsible of running the E-halaga in terms of adding or deleting tutors, distributing 
learners, etc. 

Since the E-halaga is a simulation of the real halaga, the learner have to specify a daily 
amount (memorization section) to be memorized starting from somewhere in the Quran 
(starting ayah/page). As the learner progresses, he needs to have in parallel a revision 
program for the memorized parts to improve their quality (revision section). So, the 
registration in the E-halaga system requires specifying the following parameters: starting 
ayah/page, memorization section and its length, revision section and its length (at least the 
double of the memorization section), and previously memorized sections before joining the 
system. 

Once registered, the learner will obtain a user name and password to access the system. If he 
logs into the system, he will be redirected to the memorization/revision part where he can 
find a list of useful options. He can browse his own profile and change it as needed, 
measure his performance (number of sections perfected, times of failure in every section, 
duration of memorizing), print out his transcript, etc. The learner can listen to an ideal 
recitation taken from one of the famous reciters stored in the system as a reference for 
perfect recitation. After listening to the reference recitation several times, or reciting directly, 
the learner can test his memory by clicking on an icon to record the section. Then the pages 
of the section will disappear to test his memory. Clicking on the button of “end recording” 
will display again the section pages allowing the learner to verify his memorization. The 
learner can repeat this process (recording and verifying) till the perfection of memorization. 
Once the learner approves his recording, the audio file is uploaded to the server and the 
learner will not be able to modify it. The tutor is then notified with an unmarked recorded 
section of that learner. After the tutor marks the section, the learner can benefit from audio 
and/or textual remarks explaining his mistakes. Figure 10 shows the architecture of the E-
halaga system and we invite the reader to consult (Elhadj, 2010) for more details. 

9.2 The similarity search engine 

The similarity search engine is a component devoted to determine the similarity between 
Quranic verses (and Quranic terms). To build this system, we started preparing an authentic 
fully diacritised textual version of the Holy Quran since such one was not available for the 
use in the domain of research. Next, the focus was on a manual morphological analysis of 
this version. Each word in the Holy Quran is split into four parts, prefixes, stem, root and 
suffixes, and then stored in an indexed database. Words are kept in their original context, 
which means Quranic verses (Elhadj et al., 2009c, 2009d). A semi-automatic environment for 
morphological analysis has been developed (see figure 11). Full-text searching techniques 
were investigated and then computer-programs have been developed for analyzing the text 
of the noble Quran based on complete words and their stems in order to link similar  
verses (Alsughayeir & Ohali, 2007; Alsughayeir et al., 2009). Figure 12 shows the engine 
interface. 
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Fig. 12. Interface of the Similarity Search Engine 

 

 
Fig. 12(a). Interface of the Quran Sciences Subsystem 

9.3 The Quran sciences subsystem 

It is a system letting the user navigates the Holy Quran and its main sciences. The main 
features offered are taken from authentic books, which were linked with the holy Quran 
through a full indexing of Quranic ayahs using advanced techniques and methodologies. 
Information are kept in their original sources (books), but can be easily retrieved and 
quickly processed. The books can be navigated, downloaded, etc., from a library, which 
represents another subsystem of this environment. Possibility of updates is well considered. 
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10. Conclusion 
In this chapter, we firstly presented our work related to the textual specification of Tajweed 
rules in order to come up with a machine-readable formulation of these rules. An 
appropriate and easily extendable rule set has then been proposed. A fully diacriticised 
textual version of the Holy Quran has also been prepared to be used with our new-tajweed 
formulations. Next, we focused on the implementation of these formulations in a fast and 
efficient plug-in Tajweed Engine (TajE) that can be integrated in different kinds of systems 
for teaching the Holy Quran and its sciences. TajE is able to handle rulings in two different 
ways: identification and verification. The identification option is intended to extract Tajweed 
rulings from Quranic verses. The verification option, may serve to ensure that a specific 
Tajweed ruling really occurred in a certain place in the Quranic verse, which is very useful. 

An e-learning system for self learning of tajweed (ETaj) is next built on the top of the 
tajweed engine (TajE). It provides different options allowing learners to get maximum 
benefit. The first important option of the system gives general rules and ethics of learning 
the Holy Quran. The second option offers a well designed component for learning tajweed 
rulings using a convenient and attractive manner of presenting the content of rulings along 
with textual examples as well as sound ones. The third option is very important as it 
provides a full dynamic interaction with the system to practice tajweed rulings. 

At our best knowledge, both TajE and ETaj systems are the first of their kinds developed for 
automatic processing of Tajweed in a full interactive manner. They are now ready to be used 
and can help mastering this important field of Quranic Sciences. 

11. Future works 
In near future, we plan to improve ETaj system by organizing tajweed rulings in levels with 
incremental degree of complexity as it is followed in the real teaching of tajweed. Learners 
have to go through levels one by one. At the end of each level a self examination or testing 
will be initiated by the system and the learner will not be allowed to go further until he 
masters the current level. This means that a kind of authentication needs to be added to the 
system to follow students in their process of learning. 

As another future work, we plan to expand our TajE engine to cover other Quranic 
narrations as we currently covered just "Hafs" narration. 
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formulations. Next, we focused on the implementation of these formulations in a fast and 
efficient plug-in Tajweed Engine (TajE) that can be integrated in different kinds of systems 
for teaching the Holy Quran and its sciences. TajE is able to handle rulings in two different 
ways: identification and verification. The identification option is intended to extract Tajweed 
rulings from Quranic verses. The verification option, may serve to ensure that a specific 
Tajweed ruling really occurred in a certain place in the Quranic verse, which is very useful. 

An e-learning system for self learning of tajweed (ETaj) is next built on the top of the 
tajweed engine (TajE). It provides different options allowing learners to get maximum 
benefit. The first important option of the system gives general rules and ethics of learning 
the Holy Quran. The second option offers a well designed component for learning tajweed 
rulings using a convenient and attractive manner of presenting the content of rulings along 
with textual examples as well as sound ones. The third option is very important as it 
provides a full dynamic interaction with the system to practice tajweed rulings. 

At our best knowledge, both TajE and ETaj systems are the first of their kinds developed for 
automatic processing of Tajweed in a full interactive manner. They are now ready to be used 
and can help mastering this important field of Quranic Sciences. 

11. Future works 
In near future, we plan to improve ETaj system by organizing tajweed rulings in levels with 
incremental degree of complexity as it is followed in the real teaching of tajweed. Learners 
have to go through levels one by one. At the end of each level a self examination or testing 
will be initiated by the system and the learner will not be allowed to go further until he 
masters the current level. This means that a kind of authentication needs to be added to the 
system to follow students in their process of learning. 

As another future work, we plan to expand our TajE engine to cover other Quranic 
narrations as we currently covered just "Hafs" narration. 
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A New Management Role – A Precondition for 
Successful E-Learning Implementations 

Grete Netteland 
Sogn og Fjordane University College  

Norway 

1. Introduction 
Over the past 15 years there has been a significant increase in e-learning implementations—
in schools, in academia and in the workplace. The scope of the initiatives has varied, from 
embracing only one single unit (e.g. a class, course or department) to covering a whole 
organization. In common for most of the implementations, however, is that they are 
arranged as projects, are introduced as a tool for change, and are accompanied by 
expectations of rapid success. 

High-quality implementations of e-learning of course exist, but many initiatives fail, and so 
far only a few projects have contributed to broader institutional changes (Collis, 2002; 
Lepori, 2003). This is the case, according to Attwell (2004), because the adoption and 
especially the sustainability of e-learning represent a large organizational challenge. To aid 
in the introduction of e-learning, the e-learning literature therefore has identified a lot of 
barriers, success factors and critical factors that should be attended to in the implementation 
process (e.g. culture (Cross & Dublin, 2002; Rosenberg, 2001), champions (Rosenberg, 2001), 
ICT-management (Broadley, 2007) and motivation (van Dam, 2004)). Unfortunately, the 
terms mentioned have mostly been specified without reference to contextual factors, e.g. the 
aim of the implementation, the size and type of organization, the type of e-learning 
technology, ways of working, the organization of the implementation and whether it was 
enterprise-wide or limited to only one or a few units. This is also the case when the e-
learning literature refers to the role of management as a critical factor, using terms like ‘top 
leadership commitment’ (Jones & Laffey, 2002), ‘top management support’ (van Dam, 2004) 
or ‘sound leadership’ (Rosenberg, 2001). 

The aim of this chapter is to illuminate this management role when e-learning is put into use 
in an organization. By presenting three different e-learning implementations and discussing 
the role of management in each of them more closely, the objective is to capture the essence 
of how the manager can affect more specifically the outcome of the implementation process, 
to make e-learning sustainable, and to utilize it as a catalyst for institutional change. To 
achieve this, two different perspectives are integrated in the analysis: a general perspective, 
focused on e-learning as a means for organizational development and learning, and an 
individual perspective, focused on how e-learning is adopted and experienced by individual 
learners. In this way, this chapter intends to contribute to the e-learning literature in a field 
in which until now, according to Hauge & Erstad (2011), there has been little research. 
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In order to examine the complex landscape in which e-elearning is to be implemented and 
integrated, be it a school, a university college, or a business organization, Activity Theory 
(Engeström, 1987) is introduced as an analytical resource. Instead of directing attention 
towards problem-solving at the individual and group levels, which is typical in many 
theories about organizational learning and change, a characteristic of this theory is that it 
directs attention instead towards the objects of the activities and how these are created 
through interaction, contradictions and tensions between social, material and cultural forces 
within the organization and/or between the organization and its environment (Engestrøm, 2008). 

The first part of this chapter gives a brief overview of the development of e-learning in 
organizations (1.1), how the research and literature dealing with e-learning implementations 
in work organizations and educational organizations emphasise and refer to the role of 
management in the implementation process (1.2), and relevant aspects of Activity Theory 
(1.3). In the second part of the chapter, three empirical cases are presented and more broadly 
discussed (2.1, 2.2. and 2.3). Section 3 closes the chapter by giving concluding remarks and a 
brief overview of further implications. 

1.1 E-learning in organizations 

According to Alessi and Trollip (2001), organization-wide use of web-based technology for 
learning purposes has, at minimum, two important benefits: 

 Learners can access the materials at their convenience (educational accessibility),1 and 
 Learning has the potential for employee-employee interaction and communication 

(social interaction).2 

These two dimensions have given rise to two essentially different approaches to e-
learning—e-learning as a tool for instruction and e-learning as a tool for information and 
knowledge sharing (Netteland, 2008). Both approaches were present among the countless 
definitions of e-learning that emerged during the first part of the new millennium, a period 
by VanDam (2004) referred to as the first wave of e-learning. Nonetheless, a review of large 
parts of the e-learning literature from 2000-2002 indicated that at first it was a narrow view 
on learning that dominated the definitions, especially when talking about workplace e-
learning. The main focus was on individual learning, online delivery of content, 
opportunities for skill development, and, to some degree, on information sharing as well 
(Netteland, 2003). A similar focus also existed to a large extent in the educational sector, but 
in this case the definitions had a larger emphasis on dialogue, interaction and collaborative 
activities, and focused less on content. This distinction was also reflected in practical work; 
while e-learning in schools was often combined with classroom teaching, social learning 
forms were nearly absent in the workplace. This was probably the reason why, beginning in 
2001, many work organizations introduced so called blended learning (Kishore, 2002), i.e. e-
learning combined with face-to-face learning activities (Netteland, 2003). Another 
                                                                          
1 This type of learning is reflected in the terms ‘just-in-time learning’ (see Davenport & Glaser, 2002) and 
‘learning on demand’ (see Fischer, 2001). 
2 This type of learning, with the potential for web-based collaboration, interaction and sharing among 
users, has developed and given its name to the concept of Web 2.0. This term, which was coined in 2003 
and is used to describe social software (e.g., social-networking sites, wikis and blogs) and online 
communities, generally describes web-based services managed by participants. 
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characteristic of this first wave of e-learning that is of interest in this context, was, that the 
implementations mainly were restricted to one or a few units. At this time, enterprise-wide 
implementations were nearly non-existent. 

From 2004, e-learning was gradually enhanced with tools for online interaction and 
collaboration, and little by little also with Web 2.0 applications and services, especially in 
educational settings. Despite the fact that some work organizations gradually have put web 
collaboration tools and 2.0 applications into use (e.g. in the form of wikis, social media and 
web-based conference systems), e-learning in the workplace is usually still restricted to 
online education (transfer of knowledge) and online training (development of skills), both 
without any form of collaboration. Or, as Rosenberg (2006) formulated it, workplace e-
learning is limited to e-training or courseware online, mostly with a relatively static content. 
Although the situation is slowly starting to change, so far tools for collaboration and 
knowledge-building have mainly been applied as a resource for learning in educational 
institutions. But pedagogical change takes time, and according to Karasavvidis (2010), 
typical e-learning approaches—at least in higher education—still tend to replicate 
traditional transmissionist practices, which are mostly based on behaviorist conceptions of 
learning (Karasavvidis, 2010). 

1.2 The manager in e-learning implementations 

While to a large extent the literature about e-learning implementations in educational 
institutions has directed attention to the use of digital technologies, the workplace e-learning 
literature has focused primarily on the implementation3 of these technologies. Looking at the 
role of management in the two different contexts is therefore rather challenging; the 
analytical units will necessarily differ. Since the main goal of this chapter is to examine how 
the role of management affects implementation and contributes to making e-learning 
sustainable and catalystic for institutional development, this research overview mainly 
focuses on the management role when organizations put e-learning into use—not on the potential 
learning outcome of these implementations. 

Taking as a point of departure a review of forty publications4 in the workplace e-learning 
field, Netteland (2008) identified the following set of management/leader-related barriers, 
success factors, and/or critical factors: 

 Barriers: weak sponsorship; no governance (Rosenberg, 2006) 
 Success factors: commitment to leadership (Ely, 1990, 1999a); top leadership 

commitment, involvement and support (Jones & Laffey, 2002) 
 Critical factors: gaining top management support (van Dam, 2004); making senior 

management own e-learning (Rosenberg, 2001); sound leadership at all organizational 
levels (Rosenberg, 2001) 

In other words, management related-dimensions were discussed in merely six of forty 
workplace e-learning publications and by only four of the authors. As the bullet points 
                                                                          
3 The term ’implementation‘ is used here in the Information System meaning of the word, that is: how to 
put the system into use (see Munkvold et al. (2003)). 
4 It should be noted that the review is not exhaustive, and several other studies could have been 
included as well. 
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indicate, however, a variety of terms are applied, sometimes without supplementary 
information. Despite this, the authors use many of the same reasons for why they underline 
the role of management in different situations: e.g. the top management‘s authority to 
allocate resources and its power to execute reward systems (Jones & Laffey, 2002; Ely, 1999a, 
1999b); the top management‘s opportunity to allocate incentives and time (Ely, 1999a, 
1999b); and the top management‘s ability to lend credibility to the initiative and thereby 
institute a new learning culture (Rosenberg, 2001). Another argument, mentioned by van 
Dam (2004), is that the e-learning project, when it involves the management, is more likely 
to be linked to the firm’s strategy and thus be elevated to a strategic level of evaluation. 
When it comes to which parts of the top management the new e-learning initiative should 
preferably be anchored in, the recommendations are more diverse. While Jones & Laffey 
(2002) and Rosenberg (2001) suggest that the responsibility should be anchored to at least 
one top leader in the organization, principally to assure that one specific person will act as a 
sponsor for the new initiative, the ITU-report (ITU, 2007) argues instead for involving an 
enthusiast, either in the management or in the staff, mainly to keep “the plan warm” and 
have a continuous focus on the degree of goal achievement within the time frame in the 
strategy plan. Ely (1999b) goes one step further. He claims that this key person should be 
identical to the executive officer of the organization (e.g. a principal of a school); sometimes 
the executive officer of a board (e.g. a board of directors) should also be engaged. His/her 
(their) responsibility is to demonstrate firm and visible evidence and to state that there is 
endorsement and continuing support for the implementation. Rosenberg (2001) agrees and 
strengthens this statement; in fact, he makes it clear that this aspect is an absolute condition 
for making workplace e-learning sustainable. Erstad (2004), in his evaluation of one of the 
largest ICT-school projects in Norway (the PLUTO project), also agrees with Ely and his 
emphasis on involving the executive officer. He advocates a holistic approach and 
recommends that the headmaster himself must go into a learning position in order to 
succeed. His explanation is that the use of ICT and e-learning will challenge the whole 
organization’s concept of knowledge. A similar argument is used by Laurillard et al. (2009), 
referring to ‘senior management support’ as a precondition for e-learning implementations 
in higher education, not least because this kind of implementation requires a fundamental 
rethinking of the institution’s organization of teaching and learning. In Laurillard’s words, 
the implementation of e-learning does not just affect the transaction between teachers and 
learners, but also the distribution of resources and support for teaching. As a consequence, 
the use of educational technology requires high-quality leadership as well as embedment of 
the new technology within a wider strategy for teaching and learning (Bates, 2002; Bates & 
Sangra, 2011), or as Brown (2002) expresses: “Institutional change, to be effective, needs to 
be led from the top, starting with a vision of what a new organization is to be like.” 

The review above indicates that the role of management is of importance when the aim of 
the implementation is a permanent change and enterprise-wide integration of e-learning in 
the organization. This view seems to dominate regardless of whether the organization is 
educational or business-oriented. Whether the role of management is also of importance 
when e-learning is introduced in only one or a few units (e.g. in a school class or in one of 
more departments), seems so far, however, to require more research. As indicated above, 
many questions still remain, for instance: which parts of management should be involved; 
when, why and how should the management be included; how many persons are required; 
what type of personal characteristics are crucial; when should the organizational board be 
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engaged and when is a representative from the operational organization sufficient, etc. In 
the following, by exploring three rather different implementations with these questions as a 
backdrop, we hope to contribute to what is known through previous research in the field. 

1.3 Theoretical foundations 

In this chapter, implementations of e-learning are viewed from a socio-cultural perspective 
(Säljö, 2000). This implies that interactions and forms of social practices are mediated by 
intellectual and physical artefacts and are influenced by cultural circumstances. Applying 
this perspective means that the implementations all are regarded as situated and dynamic 
practices. Furthermore, the human ability to act, reason and solve problems is viewed as 
relational to the context and the artefacts that are available, for instance, the available  
e-leaning technologies, the infrastructure, support resources and the management. 

The implementations of e-learning presented in the following took place in three rather 
large, multifaceted and complex organizations: one business organization, one school and 
one university college. In order to analyse these implementations, we require an analytic 
tool that can handle this complexity and aid in analysing and making sense of the empirical 
data. Working within the framework of third-generation Activity Theory (Engeström, 1987), 
which views activities as dynamic processes and non-isolated units continuously influenced 
by other multi-organizational activities and changes, the aim is to understand the network 
of interacting activity systems and identify the underlying causes of the problems, obstacles, 
and frustrations that arose during the implementations. 

In simple terms, we can say that the problems that emerged represent types of disturbances 
that show up as errors, ruptures of communication etc. in the implementations. In order to 
address the underlying causes of these disturbances, we need to look at their sources, or in 
Engeström’s words, their tensions (Engeström, 1987). This can be done, as in this study, by 
using the activity-theoretical triangle, mostly referred to as an activity system. Such an 
activity system comprises the following six components as a dynamic whole: the subject, the 
community, instruments, rules, division of labour and the object. A simplified illustration of 
an activity system that describes the implementation of e-learning in an organization, here 
referred to as the Implementation Activity System (the IAS), is depicted in Fig. 1. Mind that 
this example is arbitrary and that it does not put any limitations on the description of the 
IAS in other organizations (for instance those organizations in part 2). It should be noted 
that the IAS is regarded from the point of view of the one responsible for the 
implementation (the subject), or here, the project leader. The object of this IAS is to 
implement e-learning. To contribute to this, the project leader encourages the learners, the 
outcome of which is educated learners (e.g. employees, workers, teachers and students) who 
are able to master the new learning technology and use it for knowledge building. A 
number of instruments (tools) are available for the IAS, such as, in these cases, a project 
mandate, e-learning technologies and information. The community is made up of the 
management, the project group, workers, students, etc. Rules, which define norms and 
conventions, are specified in an implementation plan, and the division of labour component 
specifies how the necessary implementation tasks should be divided. In accordance with 
Engeström (1987), disturbances can emerge between all six components. It is these 
disturbances that will be used as a point of departure for a study of potential underlying 
tensions. 
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backdrop, we hope to contribute to what is known through previous research in the field. 
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In this chapter, implementations of e-learning are viewed from a socio-cultural perspective 
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this perspective means that the implementations all are regarded as situated and dynamic 
practices. Furthermore, the human ability to act, reason and solve problems is viewed as 
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The implementations of e-learning presented in the following took place in three rather 
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one university college. In order to analyse these implementations, we require an analytic 
tool that can handle this complexity and aid in analysing and making sense of the empirical 
data. Working within the framework of third-generation Activity Theory (Engeström, 1987), 
which views activities as dynamic processes and non-isolated units continuously influenced 
by other multi-organizational activities and changes, the aim is to understand the network 
of interacting activity systems and identify the underlying causes of the problems, obstacles, 
and frustrations that arose during the implementations. 

In simple terms, we can say that the problems that emerged represent types of disturbances 
that show up as errors, ruptures of communication etc. in the implementations. In order to 
address the underlying causes of these disturbances, we need to look at their sources, or in 
Engeström’s words, their tensions (Engeström, 1987). This can be done, as in this study, by 
using the activity-theoretical triangle, mostly referred to as an activity system. Such an 
activity system comprises the following six components as a dynamic whole: the subject, the 
community, instruments, rules, division of labour and the object. A simplified illustration of 
an activity system that describes the implementation of e-learning in an organization, here 
referred to as the Implementation Activity System (the IAS), is depicted in Fig. 1. Mind that 
this example is arbitrary and that it does not put any limitations on the description of the 
IAS in other organizations (for instance those organizations in part 2). It should be noted 
that the IAS is regarded from the point of view of the one responsible for the 
implementation (the subject), or here, the project leader. The object of this IAS is to 
implement e-learning. To contribute to this, the project leader encourages the learners, the 
outcome of which is educated learners (e.g. employees, workers, teachers and students) who 
are able to master the new learning technology and use it for knowledge building. A 
number of instruments (tools) are available for the IAS, such as, in these cases, a project 
mandate, e-learning technologies and information. The community is made up of the 
management, the project group, workers, students, etc. Rules, which define norms and 
conventions, are specified in an implementation plan, and the division of labour component 
specifies how the necessary implementation tasks should be divided. In accordance with 
Engeström (1987), disturbances can emerge between all six components. It is these 
disturbances that will be used as a point of departure for a study of potential underlying 
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Fig. 1. An example of an Implementation Activity System (IAS) 

Pursuant to Engeström (1987), no activity system exists in a vacuum, but rather they are part 
of a network of other activity systems. In general, they participate in many networks. Taking 
the IAS as a point of departure, this activity system exists in interaction with a lot of other 
activity systems (Engeström, 1987). Two of these that are of specific interest in this context, 
are: 1) the Work Learning Activity System (the WLAS), and 2) the Management Activity 
System (the MAS). As illustrated in Fig. 2, the MAS in this situation produces both the plan for 
e-learning and the implicit and explicit rules and regulations that constrain this activity for the 
IAS (dotted line 1), e-learning technologies, information and a project mandate for the IAS 
(dotted line 2), e-learning technologies for the WLAS (dotted line 3), as well as new rules 

 
 

Fig. 2. An example of a network of activity systems involved in e-learning (adapted from 
Netteland et al., 2007) 
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focusing on integration of learning and work for the WLAS (dotted line 5). Finally, the IAS 
produces information about new tools and work forms, which becomes a new tool for the 
WLAS (dotted line 4). By beginning with this kind of simplified network of activity systems 
when examining the many disturbances that arise when e-learning is implemented in an 
organization, potential tensions related to the role of management can be identified. As a 
starting point for the identification of such tensions, Hasu (2001) suggests using 
improvisations introduced in order to deal with the many disturbances. 

2. Empirical studies of e-learning implementations 
As mentioned in section 1.2, there is a need for more research in order to reveal how 
management can influence the implementation of e-learning when the goal is sustainability 
and development of the whole organization. This part of the chapter aims to fill this gap by 
focusing on the role of management in three rather different e-learning implementations 
(cases 1-3): 1) an implementation of wiki in a vocational upper secondary school; 2) an 
implementation of LMS-delivered workplace e-learning in a large business organization; 
and, 3) an implementation of digital technologies and services in a university college. By 
giving a broad presentation of the three cases (e.g. how the management approached and 
was involved in the implementation, what problems emerged during the implementation, 
and what initiatives had to be taken to overcome emerging problems) and discussing them 
from an activity-theoretical perspective, we hope to uncover what type of manager role is 
required in order to understand the organizational complexity and create a development 
strategy. 

Implementations of e-learning actually cover a broad range of scales. A common feature of 
the three implementations that are referred to in this chapter is that they are all organized as 
(more or less structured) projects. While the goal of two of them was to implement an 
organization-wide change (cases 1 and 3), the ambition of the other case (case 2) was to try 
out a new e-learning technology (the wiki technology) in a restricted setting (in one or a few 
classes in vocational education), but with an agreement about extended use if the wiki 
technology showed to be successful. In this way, all three implementations can be assessed 
as change or development processes, with the aim of renewing the organization and 
increasing the repetoire of potential learning technologies among the staff. The presentation 
of the three cases is structured as follows: first, there is a description of the case (content, e-
learning technology, pedagogical approach), followed by a brief description of the applied 
method, and finally, an activity-theoretical discussion is offered. 

2.1 Case 1 – E-learning in a workplace context 

The example of an e-learning implementation in a workplace context comes from Telenor, 
the largest telecom company in Norway. In 2001/2002 it moved its more than 6000 
employees to a new headquarters. For the organization as a whole, the relocation 
represented a large change: open-office areas, a lot of new technology (e.g. handheld and 
portable PCs, IP-telephony, mobile phones, advanced AV-equipment, and multi-function 
machines), new ICT-mediated work practices (e.g. new ICT systems for document 
management and booking of meeting rooms), new work principles and new leader roles. To 
aid this transition and enable the employees to operate in the restructured work 
environments, e-learning was introduced as a standardized ‘one-size-fits-all’ approach 
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focusing on integration of learning and work for the WLAS (dotted line 5). Finally, the IAS 
produces information about new tools and work forms, which becomes a new tool for the 
WLAS (dotted line 4). By beginning with this kind of simplified network of activity systems 
when examining the many disturbances that arise when e-learning is implemented in an 
organization, potential tensions related to the role of management can be identified. As a 
starting point for the identification of such tensions, Hasu (2001) suggests using 
improvisations introduced in order to deal with the many disturbances. 

2. Empirical studies of e-learning implementations 
As mentioned in section 1.2, there is a need for more research in order to reveal how 
management can influence the implementation of e-learning when the goal is sustainability 
and development of the whole organization. This part of the chapter aims to fill this gap by 
focusing on the role of management in three rather different e-learning implementations 
(cases 1-3): 1) an implementation of wiki in a vocational upper secondary school; 2) an 
implementation of LMS-delivered workplace e-learning in a large business organization; 
and, 3) an implementation of digital technologies and services in a university college. By 
giving a broad presentation of the three cases (e.g. how the management approached and 
was involved in the implementation, what problems emerged during the implementation, 
and what initiatives had to be taken to overcome emerging problems) and discussing them 
from an activity-theoretical perspective, we hope to uncover what type of manager role is 
required in order to understand the organizational complexity and create a development 
strategy. 

Implementations of e-learning actually cover a broad range of scales. A common feature of 
the three implementations that are referred to in this chapter is that they are all organized as 
(more or less structured) projects. While the goal of two of them was to implement an 
organization-wide change (cases 1 and 3), the ambition of the other case (case 2) was to try 
out a new e-learning technology (the wiki technology) in a restricted setting (in one or a few 
classes in vocational education), but with an agreement about extended use if the wiki 
technology showed to be successful. In this way, all three implementations can be assessed 
as change or development processes, with the aim of renewing the organization and 
increasing the repetoire of potential learning technologies among the staff. The presentation 
of the three cases is structured as follows: first, there is a description of the case (content, e-
learning technology, pedagogical approach), followed by a brief description of the applied 
method, and finally, an activity-theoretical discussion is offered. 

2.1 Case 1 – E-learning in a workplace context 

The example of an e-learning implementation in a workplace context comes from Telenor, 
the largest telecom company in Norway. In 2001/2002 it moved its more than 6000 
employees to a new headquarters. For the organization as a whole, the relocation 
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across the whole organization (Unit 1 through Unit 4). But the implementation was also 
strategic: e-learning was expected to be a tool for long-term competence development and 
organizational change (Telenor, 2000). Furthermore, it was expected to make learning 
cheaper and more effective and to make Telenor appear to be a modern and efficient 
organization (Netteland et al., 2007). 

To address the technological and organizational aspects of implementing e-learning across 
the large company, the E-learning project was launched. This project, with the slogan “to 
give the right training to the right people at the right time and in the right way” (Telenor, 
2001), was owned by the company’s top management and managed by a group consisting of 
the CEO and the directors of the four units. A default implementation plan was developed, 
which was expected to be followed in all units. The plan addressed explicit and implicit 
rules for the learning activity as well as different roles and tasks in the e-learning team. 
Training administrators (TAs), most of whom were recruited from the human resources 
staff, were appointed in each of the units (TA1-TA4), and it was their responsibility to 
execute the plan, coordinate the training in their unit, produce learning statistics and 
especially keep their leaders informed about the e-learning activity. The main responsibility 
for the implementation and the control of the individual e-learning activity was held, 
however, by the unit’s top manager. 

To support training of specific skills, the E-learning project developed twelve multimedia-
based e-learning modules that were accessible through a new enterprise-wide Learning 
Management System (LMS). The web-based learning packages were designed as individual 
tutoring programmes, and were, in accordance with the implementation plan, expected to 
be integrated with work and take place at the employee’s own desk without help from 
colleagues or tutors. Interaction with the user was offered through different built-in tests 
and work tasks. The modules, eight of which were compulsory and each with an expected 
completion time of 20 to 45 minutes, were classified as “ICT solutions,” “Physical 
workplace,” and “New ways of working.” To be counted as completed, between 80 and 
100% of the programme had to be finished. Despite these rules, the modules were all 
marketed by the project as an opportunity for flexible and mobile learning, with respect to 
navigation, time, as well as space (Netteland, 2003). The statistics, based on completed LMS-
delivered modules four weeks after the relocation, illustrate a large span in e-learning across 
the four units; for example, the completion rates of the same compulsory module could vary 
by more than 50 percentage points. Unit 1 had the lowest rates. In this unit, the completion 
rates of the eight compulsory modules ranged from 5 to 37% (Netteland, 2008). 

This analysis is based on data collected during a four-year doctoral research project using a 
variety of methods, such as interviews, participant observation, observation, field notes, 
textual analysis of archived historical documents and quantitative analysis of LMS-delivered 
reports. The 48 transcribed interviews formed the basis of the analysis. When evaluating the 
implementation, Netteland (2008) identified six categories of problem: management control, 
hardware and software resources, execution of implementation tasks, information sharing, 
allocation of time and relevance to work, and previous knowledge. Indeed, most of the 
categories showed up in each of the four units, but as noted in Netteland (2008), which gives 
a detailed analysis of four of the six categories, they varied remarkably in scope and 
intensity across and within the units. The same type of problem was also handled in 
different ways in various contexts. In some groups or units the problems led to a standstill 
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in the e-learning activity. In other groups, the result was a temporary halt, and in yet others, 
only a few complaints came in after the module was completed (Netteland, 2010). 
Notwithstanding, all six categories of problem were definitely mentioned most frequently in 
Unit 1, where they not only led to frustrations and breakdowns, but also hampered and 
even hindered the e-learning activity. Therefore, a central finding from this study is that 
problems in the implementation of e-learning are not necessarily general in nature. Based on 
the empirical data, we argue that the dimension of context is of vital importance for 
determining whether, when, what, and how problems in enterprise-wide implementations 
of e-learning emerge. 

2.1.1 An activity-theoretical analysis of case 1 

The six problem categories emerging from the Grounded theory analysis represent, from an 
Activity theoretical perspective, six types of disturbances (see Netteland et al., 2007). While 
Netteland (2008) gives a comprehensive Activity theoretical analysis of the identified types 
of disturbances and determines the potential underlying tensions that might have caused 
the majority of problems within each type, this chapter aims to give an overview of those 
tensions that in different ways are induced, caused by, or related to management. Since the 
interview data show that the most frequent problems turned up in Unit 1 (the unit that had 
the lowest rates of completion), the focus in the Activity theoretical analysis will be placed 
on Unit 1. 

To carry out the implementation and training tasks, the TA1 had to improvise, e.g.: 1) she 
asked the top manager and some of the middle-managers to follow up and encourage e-
learning among the employees; 2) she asked the secretaries in the sub-units to support e-
learning at the local level; 3) she furnished some vacant offices in the old locations with an e-
learning PC for joint use; 4) she distributed a document with appropriate routines before 
moving; 5) she negotiated with the management to get looser rules; 6) she tried to influence 
how and when the information about the new e-learning initiative was communicated; and 
7) she permitted employees to drop some of the modules because they were irrelevant. 

From an Activity theoretical point of view, the e-learning implementation in Unit 1 can be 
described as a network of three different activity systems: an Implementation Activity 
System (IAS), a Work Learning Activity System (WLAS) and a Management Activity System 
(MAS) (see Fig. 35). We will begin with the MAS, whose object it is to plan e-learning. The 
outcome of this activity is an implementation plan, e-learning modules, a mandate and a 
Learning Management System (LMS). Some of these tools are delivered to the IAS. By 
drawing on these tools (e-learning modules, the LMS, the mandate and information), the 
aim of the TA1 (the subject) is to implement e-learning (the object). The rules in this activity 
system are formulated in the implementation plan, which is delivered from the MAS. But 
the MAS also delivers tools (e-learning modules) and rules (learning integrated with work) 
to the WLAS, an activity system where the employees (the subject) has the object to engage 
in e-learning. Some of the tools (information about new tools and new work forms) are, 
however, delivered from the IAS. A shared outcome of the IAS and the WLAS is educated 
employees and businesss as usual. 
                                                                          
5 See also section 1.3 for a broader description of a similar issue. 
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in the e-learning activity. In other groups, the result was a temporary halt, and in yet others, 
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the majority of problems within each type, this chapter aims to give an overview of those 
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learning among the employees; 2) she asked the secretaries in the sub-units to support e-
learning at the local level; 3) she furnished some vacant offices in the old locations with an e-
learning PC for joint use; 4) she distributed a document with appropriate routines before 
moving; 5) she negotiated with the management to get looser rules; 6) she tried to influence 
how and when the information about the new e-learning initiative was communicated; and 
7) she permitted employees to drop some of the modules because they were irrelevant. 

From an Activity theoretical point of view, the e-learning implementation in Unit 1 can be 
described as a network of three different activity systems: an Implementation Activity 
System (IAS), a Work Learning Activity System (WLAS) and a Management Activity System 
(MAS) (see Fig. 35). We will begin with the MAS, whose object it is to plan e-learning. The 
outcome of this activity is an implementation plan, e-learning modules, a mandate and a 
Learning Management System (LMS). Some of these tools are delivered to the IAS. By 
drawing on these tools (e-learning modules, the LMS, the mandate and information), the 
aim of the TA1 (the subject) is to implement e-learning (the object). The rules in this activity 
system are formulated in the implementation plan, which is delivered from the MAS. But 
the MAS also delivers tools (e-learning modules) and rules (learning integrated with work) 
to the WLAS, an activity system where the employees (the subject) has the object to engage 
in e-learning. Some of the tools (information about new tools and new work forms) are, 
however, delivered from the IAS. A shared outcome of the IAS and the WLAS is educated 
employees and businesss as usual. 
                                                                          
5 See also section 1.3 for a broader description of a similar issue. 
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As discussed above, the TA had to make improvisations during implementation. As a 
whole, initiatives 1, 2 and 6 reflect tensions between the MAS and the rule-based 
components in the IAS (arrow 2) and in the WLAS (arrow 1). The MAS neither offered the 
TA a sufficiently detailed specification of rules and roles, nor had it given the TA the 
necessary authority to take on her role as coordinator. Moreover, the MAS ignored the key 
actors’ and the employees’ workload, as well as the local unit’s need for support, once 
resources had been allocated. The first initiative, however, indicates a further tension 
between the rules and the division of labour components within the IAS (arrow 5), mainly 
due to rules saying it was the top manager’s responsibility to follow up on the e-learning 
activity, and the TA’s experience was that this did not happen. Improvisations 3 and 4 
reflect tensions between the tool-producing MAS and the tools components in both the IAS 
(arrow 3) and the WLAS (arrow 6). The MAS did not produce the tools that were a 
precondition for the TA to carry out her job or the tools that the employees needed to carry 
out e-learning integrated with work.  Initiative 5 points to a tension between the MAS and 
the object of the IAS (arrow 7), mainly due to a strict division of the planning activities 
within the MAS. Finally, initiative 7 indicates a tension between the rules and the division of 
labour component within the WLAS, chiefly since the old division of labour was maintained 
without utilizing the new e-learning technology (arrow 4). 

 
Fig. 3. Management-related tensions underlying the six types of disturbances in case 1 

Based on the Activity theoretical analysis of the different types of disturbances, Netteland 
(2008) reveals the following causes, where the MAS is involved: 

 The MAS did not offer the TA a sufficiently detailed specifications of rules and roles, or 
the necessary authority to take on the role as coordinator. 

 The MAS did not offer a sufficiently detailed specification of the role of top 
management. 
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 The MAS avoided taking the key actors’ workloads and the circumstances in the local 
unit into account when defining rules and roles and when allocating and distributing 
support resources (e.g. super users). 

 The MAS underestimated the need for human resources in the implementation process 
in general, and the need for local support in particular. 

 The MAS did not offer the employees any opportunity for dedicated e-learning support 
in their own working environment. 

 The MAS did not produce the tools (e.g. infrastructure) that were a precondition for the 
TA to carry out her job. 

 The MAS seldom involved the TA in the project planning. 
 The learning rules given by the MAS did not take local work practices into account. 
 The MAS underestimated how difficult the transformation of work really is. Rules that 

could have contributed to such a transformation were, however, fully absent. 

When the E-learning project closed, Telenor launched a new project. Its aim was to expand 
the e-learning activity at the unit level as well as at the company level. This project began in 
June 2002, at a time when there was a global recession in the telecom industry and, as a 
consequence, restructuring as well as cost and workforce reductions in Telenor. Partly due 
to this and partly due to other circumstances, LMS-delivered e-learning gradually faded 
over the next three years in three of Telenor’s four units (Unit 1-Unit 3). In one unit (Unit 4) 
and at the company level, however, new modules were continuously launched. 

2.2 Case 2 – E-learning in vocational training 

To illustrate e-learning in schools, this chapter presents a micro-implementation of wiki in 
an upper secondary school in Western Norway. Having heard about Wikipedia and the wiki 
technology’s embedded opportunities for accumulation of information and knowledge-
building, Øyrane Upper Secondary School (ØUSS) decided to initiate a wiki project, the 
Byggwiki project, directed at first-year students in the “Building and Construction” (B&C) 
Programme. The aim was to offer an illustrated digital resource, or a digital dictionary, to 
the many students in this programme with reading and writing difficulties, which would 
explain the most relevant and frequently used B&C terms in a short, simple and precise 
way. In this way, the school hoped to impede the large number of drop outs, especially in 
the first year, in vocational training (Netteland & Øien, 2010).6 

The Byggwiki project was launched in January 2009. The project, which originally was 
initiated as a one-year development project, ran until June 2010. It was anchored at the 
headmaster level at ØUSS and had a project team consisting of one teacher from ØUSS (the 
project leader) and two invited researchers from Sogn og Fjordane University College 
(SFUC), one of whom is the author of this chapter. Together with the headmaster, the project 
leader, who was also the form teacher of one of the four first-year B&C classes, decided that 
two of the B&C classes, as well as all the teachers involved in these classes, should 
participate. In addition, a member of the ICT staff (at ØUSS) voluntarily joined the project. 
The project activities were divided between the two institutions; while SFUC was 
                                                                          
6 All Norwegians (15-18 years old) have the right to three-year upper secondary school. Statistics show 
that one in three Norwegian teenagers disappears during the three-year Upper Secondary Education. 
Students in vocational occupations are especially at risk, in particular the students in the first year. 
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Students in vocational occupations are especially at risk, in particular the students in the first year. 
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responsible for setting up and maintaining the wiki, organizing training and being an active 
partner, the project leader was responsible for motivating the in-house participants as well 
as anchoring and managing the project. 

Although the main objective was to develop an online dictionary, an additional project aim 
was to improve the B&C students' concept-building by forcing them to integrate literacies in 
writing, questioning, reading, commenting and collaborating. In this way, it was hoped that 
the project would utilize the wiki’s potential to support collective cognition and practices 
(Pierroux et al., 2008). An important premise, therefore, was to involve both teachers and 
students in the content production (of wiki articles). A further premise was that the 
resulting artefact, the Byggwiki, was to be used in practical school tasks as well as in 
theoretical training. The project also addressed a demand for the pedagogical use of the 
many laptops that the school owner had recently acquired (one laptop for each first-year 
student). Based on workshop negotiations between the project team and the teachers, a set 
of rules was established.  For instance, the rules could be about what type of student 
accounts should be used (individual or group-based), whether the teachers should be 
allowed to produce wiki articles, and whether the wiki should be open for external reading 
and writing). However, the rules could be changed during the project period.  Such changes 
also took place (see Fig. 4). 

 
 

Fig. 4. The main phases in the project (adapted from Netteland & Øien, 2010) 

Through a series of interventions, the Byggwiki project aimed to develop practices and 
activities conducive to learning and in which digital and network technologies would play 
an integral part (see Netteland & Øien, 2010). The project can be described in three (distinct) 
phases, all of which are unique when it comes to participants, goals, organization of 
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learning activities and so on (see Fig. 4). While two B&C classes and eight teachers were 
involved in the first phase, the wiki in phase 2 was introduced to all first-year students in 
the B&C programme as well as their teachers (in total eighteen). In phase 3, however, only 
three of the B&C-classes and their form teachers took part. A brief summary of the wiki 
activity shows that the number of produced wiki articles during the three phases varied 
from 16 (in phase 1) to 65 (in phase 2) and 24 (in phase 3). A survey carried out in spring 
2010 showed that 50% of the students had used the Byggwiki for writing, 75% for reading 
and 25% for commenting. About 30% of the students were of the opinion that the wiki 
project was fun, 25% would have preferred broader wiki use in daily education, and about 
20% would have liked to continue with the Byggwiki the next school year as well. It should 
be noted that when the two SFUC researchers were heavily engaged in the learning 
activities in phases 1 and 2, they were only engaged upon request and as project members in 
phase 3. In this latter phase, the main responsibility for the wiki activity was left to the teachers. 

The analysis presented in this chapter is based on qualitative and quantative data collected 
during the 18-month project period using observations, participary observations, field notes, 
meeting reports, interviews, a survey, wiki articles and wiki logs. The project as a whole is 
used as an analytical unit in the Activity theoretical analysis, and the focus is on underlying 
tensions related to management. 

2.2.1 An activity-theoretical analysis of case 2 

In accordance with Hasu (2001), we begin with the improvisations that the project leader 
made: 1) he frequently had to change preplanned project meetings because non-planned 
internal meetings turned up and were given priority; 2) he asked the headmaster to allocate 
some time resources so that he could take on his role as project leader; 3) he asked the 
headmaster whether all of the first-year B&C teachers could have permission to use one of 
the school planning sessions for the wiki project; 4) he asked the involved teachers whether 
the project meetings could be arranged after school time; 5) he invited the headmaster to an 
evaluation meeting at the end of phase 1 in order to increase the anchoring of the project; 6) 
he asked to talk to the headmaster about how he should handle the teachers that withdrew 
from the project or did not turn up at the project meetings; 7) he suggested stronger project 
rules to keep the pressure on the involved teachers, and 8) he appealed to the involved 
teachers to prepare for the project sessions and contribute in the production (e.g. produce 
assignments). It should be noted that some of these initiatives happened at the request of the 
researchers. 

As in the previous case, the implementation of e-learning at ØUSS can be described as a 
network of three activity systems: an Implementation Activity System (IAS), a Work 
Learning Activity System (WLAS) and a Management Activity System (MAS) (see Fig. 5). 
Also, in this case the object of the MAS was to plan e-learning. The outcome of this activity 
was, however, somewhat different from the outcome in case 1, namely project approval, an 
implementation plan, as well as free reign for the project leader7 (PL). These tools, combined 
with tools that the PL had developed together with the project group (e.g. information about 
the project, a wiki-installation and wiki articles) were used as instruments to reach the object 
                                                                          
7 According to the headmaster, this meant that the project leader had the ability to make the decisions 
that he found necessary. 
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7 According to the headmaster, this meant that the project leader had the ability to make the decisions 
that he found necessary. 
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of the IAS: to implement e-learning (wiki). Also in this case, the rules of the IAS were 
formulated in the implementation plan that was developed by the MAS. But in contrast to 
the previous case, the community component in this IAS also involved the management (in 
addition to fellowships and researchers) in the project group. Also, in this network of 
activity systems, the MAS did deliver tools and rules to the WLAS (information and rules 
saying that e-learning (wiki) should be integrated with work).  Some of the WLAS tools 
were, however, delivered from the IAS. The object of the WLAS was the same as in case 1: to 
engage in e-learning. While the subject in the WLAS was viewed from the teachers’ 
perspective, the subject in the IAS was regarded from the PL’s point of view. The shared 
outcome of the IAS and the WLAS in this case consists of two parts: educated teachers and 
students as well as a wiki dictionary. 

The project leader initiatives 2, 5, 6 and 7 reflect a tension between the MAS and the rules in 
the IAS (arrow 2) and in the WLAS (arrow 1), where the management gives free reign to the 
PL without giving him the necessary authority (e.g. to command the teachers to participate) 
or sufficient time resources for project management. Due to this “free reign”policy and the 
lack of engagement from the headmaster, the anchoring of the project at management level 
was nearly fully absent. The PL did not get the opportunity to put pressure on his collegues 
when motivating them to take part in the project. Another consequence of the uninvolved 
headmaster was that the management never became acquainted with the new e-learning 
tool represented by the wiki technology. As a result, the headmaster was not prepared for 
the challenges that emerged and the opportunities that the new technology offered. 
Furthermore, when examing the PL’s improvisation numbers 1, 3, 4 and 8, these illuminate a 
tension between the MAS and the tools in the IAS (arrow 3) and in the WLAS (arrow 6). 
Although the MAS, through national education plans, is supposed to carry out 
developmental work and increase the digital competence among teachers and students (as 
e-learning (e.g. wiki)), the management did not put at its disposal the necessary tools that 
this type of work requires, e.g. a flexible but firm project mandate, incentives, compensation 
for the increased workload, and a detailed and long-term implementation plan (e.g. with 
specified dates for meetings, collective competence development and time for preparation of 
work). The non-compensated work overload therefore induced tensions between the rules 
and and the divison of labour in the IAS (arrow 5), as well as in the WLAS (arrow 4) (see 
Fig. 5). 

The Activity theoretical analysis identified the following set of causes related to the MAS: 

 The MAS did not give rules saying that the project participation of B&C teachers was 
compulsory. 

 The MAS did not understand that this type of wiki project was dependent on collective 
participation of at least all first-year B&C classes. 

 The MAS did not give the project leader the tools to handle the situation when some 
teachers refused to take part. 

 The MAS avoided taking the workload of the project leader and the B&C teachers into 
account when approving the project, when defining rules and when allocating the 
required resources (e.g. time) for participation and project management. 

 The MAS underestimated the role of visible management in the project and the need for 
a close connection with the project leader. 
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 The MAS regarded the project as important, but did not plan for integrating the project 
activities into the scheduling of meetings or give priority to the wiki project activities. 

 The MAS did not understand that the loose project mandate was insufficient for a 
developmental project. 

 The MAS did not distribute any information in the organization to inform the group 
leader and the staff about the new initiative and how it could be applied to 
development. 

 
Fig. 5. Management-related tensions underlying the disturbances in case 2 

Since the main aim of this wiki project was to build a dictionary with B&C terms for daily 
use, there was a need for rapid production of a critical mass of wiki articles. This could only 
be achieved through a collective effort in which both the B&C teachers and their students 
were involved. When the project closed in summer 2010, this had not been achieved. 

2.3 Case 3 – E-learning in a university college 

While Norwegian authorities have put pressure on schools to integrate e-learning 
technologies in all subjects, similar instructions are so far not given in higher education. 
These institutions (universities and university colleges), therefore, still have the opportunity 
to decide whether they will pay attention to the emergent digital learning technologies and 
whether they will integrate them into teaching and learning activities, and if so, how. 
During the past few years, however, the pressure has increased, first of all due to 
expectations from current and future students, but also from national reports examining the 
use of Technology Enhanced Learning (TEL) in higher education and a general focus on 
digital competence. This section reports on an ongoing implementation of e-learning in 
higher education, or more specifically, the implementation of digital technologies in Sogn og 
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specified dates for meetings, collective competence development and time for preparation of 
work). The non-compensated work overload therefore induced tensions between the rules 
and and the divison of labour in the IAS (arrow 5), as well as in the WLAS (arrow 4) (see 
Fig. 5). 

The Activity theoretical analysis identified the following set of causes related to the MAS: 

 The MAS did not give rules saying that the project participation of B&C teachers was 
compulsory. 

 The MAS did not understand that this type of wiki project was dependent on collective 
participation of at least all first-year B&C classes. 

 The MAS did not give the project leader the tools to handle the situation when some 
teachers refused to take part. 

 The MAS avoided taking the workload of the project leader and the B&C teachers into 
account when approving the project, when defining rules and when allocating the 
required resources (e.g. time) for participation and project management. 

 The MAS underestimated the role of visible management in the project and the need for 
a close connection with the project leader. 
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 The MAS regarded the project as important, but did not plan for integrating the project 
activities into the scheduling of meetings or give priority to the wiki project activities. 

 The MAS did not understand that the loose project mandate was insufficient for a 
developmental project. 

 The MAS did not distribute any information in the organization to inform the group 
leader and the staff about the new initiative and how it could be applied to 
development. 

 
Fig. 5. Management-related tensions underlying the disturbances in case 2 

Since the main aim of this wiki project was to build a dictionary with B&C terms for daily 
use, there was a need for rapid production of a critical mass of wiki articles. This could only 
be achieved through a collective effort in which both the B&C teachers and their students 
were involved. When the project closed in summer 2010, this had not been achieved. 

2.3 Case 3 – E-learning in a university college 

While Norwegian authorities have put pressure on schools to integrate e-learning 
technologies in all subjects, similar instructions are so far not given in higher education. 
These institutions (universities and university colleges), therefore, still have the opportunity 
to decide whether they will pay attention to the emergent digital learning technologies and 
whether they will integrate them into teaching and learning activities, and if so, how. 
During the past few years, however, the pressure has increased, first of all due to 
expectations from current and future students, but also from national reports examining the 
use of Technology Enhanced Learning (TEL) in higher education and a general focus on 
digital competence. This section reports on an ongoing implementation of e-learning in 
higher education, or more specifically, the implementation of digital technologies in Sogn og 
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Fjordane University College (SFUC), an institution with about 2.100 on-campus students 
and 1.400 off-campus students. Since the project will last until June 2012, only a limited 
Activity theoretical analysis can be carried out in this chapter. 

In the beginning of 2010, the Rector at SFUC appointed a work group with the mandate to 
develop a strategy for digital competence. The task consisted of three elements: 1) to 
develop a vision and superior ambitions for the use and integration of digital technologies 
and media in all subjects, and identify the consequences for infrastructure, equipment, 
organization and responsibilities; 2) to identify goals for student training in these 
technologies, define support structures, necessary equipment and tools, methods for digital 
assessment and the desirable level of digital competence level among students in different 
study programmes, and 3) to define the desired level of digital competence for all 
employees (and especially for lecturers) and specify the goals for how to use ICT for 
teaching in different subjects, requirements for teacher training and support structures. 

Half a year later, the recommendations from the work group, referred to as the Strategy for 
digital competence (Netteland et al., 2010), were approved by the SFUC board. Based on this 
strategy and an increasing internal focus on digital competence, the same board set aside 
money for a new project. The aim was to increase digital competence at SFUC and gain 
experience with how digital technology could be used in an efficient way (HSF, 2010). One 
month later, in January 2011, the Digital Competence project was launched. A project group 
and a steering group were appointed, the former with representatives from the study 
department (project leader), the ICT-group, the library and the academic staff, the latter 
consisting of the study director, one of the deans and the ICT-manager. The following topics 
were given priority in the mandate: digitalization of the new part-time study programme in 
teacher training, transformation of an existing SFUC course into a high-quality digital 
course; rolling out of an annual course wheel with a set of courses to increase digital 
competence (e.g. e-learning) and extended use of the Learning Management System. 

The following restricted Activity theoretical analysis is based on data collected through the 
first six months of the project using document studies (including websites) and participatory 
observations.8 It begins with the following three improvisations that the project leader 
found it necessary to make during this period: 1) he requested more money from the 
steering group; 2) he asked the teacher education department for co-funding in order to 
digitalize the new part-time teacher study programme; and 3) he was challenged to ask the 
steering group to expand the current project mandate in accordance with the new 
evaluation criteria of the study programmes that had recently been approved by the SFUC 
board (e.g. that the curricula show sufficient learning outcomes in digital competence). 

2.3.1 An activity-theoretical analysis of case 3 

As in cases 1 and 2, the implementation of e-learning in SFUC can be described as a network 
of three activity systems: an Implementation Activity System (IAS), a Work Learning 
Activity System (WLAS) and a Management Activity System (MAS) (see Fig. 6). Also in this 
                                                                          
8 It should be noted that the author was engaged in the Digital Competence project (as an ordinary 
project member). She was also the main person responsible for the approved Strategy for digital 
competence, which is referred to in the text. 
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case, the object of the MAS was to plan e-learning, but here the outcome was a strategy, an 
implementation plan (mandate), an LMS and evaluation criteria. While the rules and the 
objects of the IAS and the WLAS were identical with regard to the respective rules and 
objects as the two previous cases, the tools in the IAS and the WLAS differed. In the IAS, the 
tools component consisted of e-learning modules, an LMS, a budget, information and digital 
technologies and services (DTS); the tools component in the WLAS received, in addition, 
information about new tools and education forms from the IAS. While the subject in the 
WLAS was viewed from the lecturers’ point of view, the subject in the IAS was regarded 
from the PL’s perspective. The shared outcome of the IAS and the WLAS here, as well, 
consisted of two parts: educated lecturers and students as well as a changed praxis. 

 
 

Fig. 6. Management-related tensions underlying the disturbances in case 3 
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case, the object of the MAS was to plan e-learning, but here the outcome was a strategy, an 
implementation plan (mandate), an LMS and evaluation criteria. While the rules and the 
objects of the IAS and the WLAS were identical with regard to the respective rules and 
objects as the two previous cases, the tools in the IAS and the WLAS differed. In the IAS, the 
tools component consisted of e-learning modules, an LMS, a budget, information and digital 
technologies and services (DTS); the tools component in the WLAS received, in addition, 
information about new tools and education forms from the IAS. While the subject in the 
WLAS was viewed from the lecturers’ point of view, the subject in the IAS was regarded 
from the PL’s perspective. The shared outcome of the IAS and the WLAS here, as well, 
consisted of two parts: educated lecturers and students as well as a changed praxis. 

 
 

Fig. 6. Management-related tensions underlying the disturbances in case 3 
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The first and second improvisations indicate a tension between the MAS and the rules in the 
IAS (arrow 2) and the WLAS (arrow 1). While the SFUC board had set aside a specified 
amount to carry out the project, the project group, when looking at the mandate, realized 
that only 1/16 of the budget would be at their disposal for new digital initiatives. Due to 
this rule, the major part of the budget was tied to LMS activities (to fund current tasks of the 
responsible for the LMS), which previously had been funded outside the project, and to co-
funding of the PL’s salary. Moreover, the mandate made clear that the project was expected 
to give priority to one concrete study programme (the part-time teacher education study 
programme), at the expense of a lot of other study programmes that would have required 
the same type of digital support. This happened despite the new teacher education 
programme already having received funding from the SFUC board. The initiatives from the 
PL had two results: an increased budget and a co-funding of the training education study 
programme beyond the project. The free amount from then on amounted to ¼ of the total 
budget. However, the mandate rules just referred to also induced tensions between the rules 
and the division of labour components within the IAS and the WAS, mainly because the 
given allocation of resources restricted the involvement of project members in further digital 
activities; the majory of the project members would still have to combine their daily work 
with engagement in project activities. Improvisations 1 and 2 further reveal tensions 
between the MAS and the tools component in the IAS (arrow 3) and the WLAS (arrow 6). 
The MAS had not given the project leader sufficient tools (e.g. budget) to fulfill the specified 
object (implement e-learning (digital technologies and services)), nor did the tools (e.g. the 
small budget combined with the available digital capacities that were funded (e.g. video-
conferencing capacities)) fully match and respond to the embedded expectations in the 
organization (e.g. expectations from students and lecturers about extended support in a 
variety of digital technologies and services). With respect to the third initiative, which was 
advanced in discussions within the project group, the project leader so far has decided to 
take a wait-and-see attitude. Whether the potential tensions within the tool component in 
the IAS (indicated by the lack of a match between the evaluation criteria and the project 
mandate) will come to a head, is difficult to say. So far, no management-related tensions 
have been identified between the rules and division of labour components within the IAS 
and the WLAS. This may change when the project activity gradually scales up. 

According to the Activity theoretical analysis, the following causes related to the MAS were 
unveiled: 

 The MAS did not allocate sufficient resources to the project to make it able to carry out 
the specified duties. 

 The MAS seems to have underestimated the complex digital transformations of new 
and current study programmes when launching the project. 

 The MAS, represented by the steering group, has, so far, not been able to anchor the 
project in the top management group. 

 The MAS seems not to have equipped the PL with sufficient tools, assistance and 
support in order to make him able to produce a successful project outcome. 

 The MAS defined a project mandate without taking the evolution of new study 
programme evaluation criteria into account. 

 The MAS seems to have underestimated the required capacities at the project level. 
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 The MAS seems so far to have underestimated the role of visible top management 
engagement in the project and the need for a close connection with the project leader. 

 The MAS seems to have underestimated the requirement for a more precise project 
mandate when implementing a developmental project of this type. 

  The MAS has so far not distributed any information to the leader group or the staff to 
inform them about the expected outcome of the new initiative. 

3. Conclusions 
The aim of this chapter has been to uncover how the management can affect the outcome of 
an e-learning implementation so that e-learning becomes sustainable and contributes to 
change, irrespective of whether the organization is educational or business-oriented, and, 
whether the implementation is institutional or departmental. By viewing three rather 
different implementations from a sociocultural perspective and applying Activity Theory as 
an analytical tool to make sense of the empirical data, the aim was to contribute to the 
growing body of research on the role of management in e-learning implementations. 

Characteristic of the e-learning literature is that the management, first of all, is regarded as 
important because of its authority to allocate resources, funding, time, incentives and 
support.  Beyond this, involvement of the management is seen as crucial, due to its power to 
execute reward systems, lend credibility to the e-learning initiative, link the implementation 
to the organizational strategy, and contribute to instituting a new learning culture (see 1.3). 
These issues are indirectly supported by the Activity-theoretical studies presented in this 
chapter. A common feature of these analyses is that the Management Activity System (MAS) 
avoided taking the current workload in the organization into account (e.g. by management, 
project leaders, training assistants, employees, teachers and lecturers) and underestimated 
the requirements for dedicated e-learning support, sufficient tools (e.g. infrastructure) and a 
visible management. The Activity-theoretical studies (see 2.1.1, 2.2.1 and 2.3.1) also 
repeatedly underline the importance of clear rules (e.g. whether participation in e-learning is 
optional or compulsory and for which user groups), explicit roles (e.g. responsibilities, 
authorities and expectations of the implementation coordinator and the different levels of 
management), and a distinct project mandate in alignment with institutional policy and strategy 
(e.g. specification of resources, delegation of authority, goals and timeframes). These types 
of aspect are so far nearly absent when discussing the role of management in the e-learning 
literature (see 1.3).  It should also be noted that the same literature rather seldom calls 
attention to the need for a close connection between top management (institutional and 
departmental) and the implementation coordinator when a new e-learning initiative is planned 
and/or put into use. This issue was underlined in all the cases referred to above. The lack of 
this type of communication and collaboration, e.g. between the headmaster and project 
leader in case 2, made it difficult to integrate the e-learning activity into daily routines and 
work, as well as into more strategic activities. By neither understanding the wiki technology 
nor the ongoing activities, the headmaster did not realize why the project leader argued for 
the collective participation of all first-year B&C classes, an initiative that he also rejected. As 
the project leader said, “The headmaster gave me free reign, but he was not willing to 
command the form teachers to stay in the project throughout the project period.” 
Sustainable e-learning and new forms of learning and teaching were therefore not obtained. 
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this type of communication and collaboration, e.g. between the headmaster and project 
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Sustainable e-learning and new forms of learning and teaching were therefore not obtained. 
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According to Pearson (2005), this presupposes a whole-organization approach both in 
planning and implementation. 

The Activity-theoretical analyses carried out in this chapter further indicate that 
management must engage in new ways when e-learning is implemented with the aim of 
institutional or departmental change. According to Erstad (2004), this means that the 
management must understand and master the new technology, the need for competence 
development, and, not least, how the introduction of digital technologies and e-learning 
challenges the organization. In particular, Cruz (2010) identifies the requirement for 
management training in two of her ten key success factors when e-learning is implemented. 
She therefore suggests that training should start with firm leaders and that management 
should be in charge of and be involved in the training. Based on the Activity-theoretical 
analyses, we claim that training of management is absolutely necessary in order to make 
them realize how to use digital learning technologies for institutional change and 
development. This will make it easier for them to take part and contribute to a discussion 
about project goals, control and follow up-activities, and, if desired, elevate the project to a 
strategic level of evaluation, as recommended by van Dam (2004). As the technologies are 
gradually becoming ubiquitous and the boundaries between computer-supported 
collaboration and other forms of collaboration are vanishing, this aspect is even more 
important (Dillenbourg et al., 2009), not only for the management, but also for the staff, their 
students (e.g. in schools and universities), and sometimes also for specific customers, if this 
is relevant. It must be emphasized that implementation of e-learning and digital 
technologies will always, either directly or indirectly, put demands and restrictions on the 
organization where it is put into use, its activities and its learning environment.  Since 
employees as well as management will have to deal with this change in any case, we 
suggest, in accordance with Qvortrup (2011), that collective competence development 
strategies should be worked out. Involvement of the executive officer of the board, as 
suggested by Ely (1999b), should also be assessed. 

To succeed, when e-learning is implemented with the aim of contributing to institutional 
change, the analysis has pointed to the following aspects related to the role of management: 

 The implementation approach should be holistic and systemic, whether it is 
institutional or departemental. 

 A project mandate in alignment with the organizational strategy and with explicit rules 
and roles is critical, but not sufficient. 

 Management requires training in order to be able to understand the opportunities and 
challenges that are embedded in the new learning technology.  

 A close connection between the top management and the main person responsible for 
the implementation (throughout the implementation, including the planning phase) is 
decisive for a successful outcome. 

 Continuous evaluation, support from all levels of management, and an active follow-up 
are required if the aim of the implementation is institutional change. 

 Project leadership should be assessed as critical—understanding of and experience with 
the new technology as well as a broad knowledge about internal organizational 
challenges,  work activities, and collaboration activities with the environment, is necessary. 
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The role of management is, however, only one of multiple factors that affect the 
implementation of e-learning.  However, by drawing on previous research about e-learning 
implementations from three different ‘worlds,’ business organizations, schools and higher 
educational institutions, as well as our own empirical studies from the same three contexts, 
the aim is to contribute to more informed e-learning implementations in the future, in which 
large parts of the management will be able to take a more active and informed role.  The 
hope is that corporate as well as educational institutions can learn from each other and with 
one another to enhance the body of research in this specific field. 
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According to Pearson (2005), this presupposes a whole-organization approach both in 
planning and implementation. 

The Activity-theoretical analyses carried out in this chapter further indicate that 
management must engage in new ways when e-learning is implemented with the aim of 
institutional or departmental change. According to Erstad (2004), this means that the 
management must understand and master the new technology, the need for competence 
development, and, not least, how the introduction of digital technologies and e-learning 
challenges the organization. In particular, Cruz (2010) identifies the requirement for 
management training in two of her ten key success factors when e-learning is implemented. 
She therefore suggests that training should start with firm leaders and that management 
should be in charge of and be involved in the training. Based on the Activity-theoretical 
analyses, we claim that training of management is absolutely necessary in order to make 
them realize how to use digital learning technologies for institutional change and 
development. This will make it easier for them to take part and contribute to a discussion 
about project goals, control and follow up-activities, and, if desired, elevate the project to a 
strategic level of evaluation, as recommended by van Dam (2004). As the technologies are 
gradually becoming ubiquitous and the boundaries between computer-supported 
collaboration and other forms of collaboration are vanishing, this aspect is even more 
important (Dillenbourg et al., 2009), not only for the management, but also for the staff, their 
students (e.g. in schools and universities), and sometimes also for specific customers, if this 
is relevant. It must be emphasized that implementation of e-learning and digital 
technologies will always, either directly or indirectly, put demands and restrictions on the 
organization where it is put into use, its activities and its learning environment.  Since 
employees as well as management will have to deal with this change in any case, we 
suggest, in accordance with Qvortrup (2011), that collective competence development 
strategies should be worked out. Involvement of the executive officer of the board, as 
suggested by Ely (1999b), should also be assessed. 

To succeed, when e-learning is implemented with the aim of contributing to institutional 
change, the analysis has pointed to the following aspects related to the role of management: 

 The implementation approach should be holistic and systemic, whether it is 
institutional or departemental. 

 A project mandate in alignment with the organizational strategy and with explicit rules 
and roles is critical, but not sufficient. 

 Management requires training in order to be able to understand the opportunities and 
challenges that are embedded in the new learning technology.  

 A close connection between the top management and the main person responsible for 
the implementation (throughout the implementation, including the planning phase) is 
decisive for a successful outcome. 

 Continuous evaluation, support from all levels of management, and an active follow-up 
are required if the aim of the implementation is institutional change. 

 Project leadership should be assessed as critical—understanding of and experience with 
the new technology as well as a broad knowledge about internal organizational 
challenges,  work activities, and collaboration activities with the environment, is necessary. 
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The role of management is, however, only one of multiple factors that affect the 
implementation of e-learning.  However, by drawing on previous research about e-learning 
implementations from three different ‘worlds,’ business organizations, schools and higher 
educational institutions, as well as our own empirical studies from the same three contexts, 
the aim is to contribute to more informed e-learning implementations in the future, in which 
large parts of the management will be able to take a more active and informed role.  The 
hope is that corporate as well as educational institutions can learn from each other and with 
one another to enhance the body of research in this specific field. 
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