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Preface

More than ever, today’s world needs creative and innovative ideas to deal with the 
increasingly demanding challenges it must face. Only new ideas and their practical 
implementation can address the world’s contemporary constraints. In this emerging 
era, creativity and innovation are key pillars to drive growth, face challenges, and 
stand out in a competitive world. This is why it is so urgent to reflect on how creativ-
ity and innovation can be fostered in communities, especially among the younger 
generation who will be the protagonists of inevitable change in the future. The 
widespread recognition of the vital importance of both creativity and innovation in 
building a more balanced world between environmental, corporate, social, cultural, 
and personal demands becomes critical.

Despite this link between creativity and innovation, they are not one and the same. 
Creativity refers to the process of generating new and original ideas. Innovation, on 
the other hand, involves the fulfillment of creativity into something useful, relevant, 
and distinctive.

Creativity is an intrinsic ability of every human being. In a creative way, the human 
brain can conceive ideas and develop thoughts that can go beyond the standards. In 
other words, creativity exists within our minds and can be routed into action.

Innovation, on the other hand, is more linked to action. Innovation implies creating or 
proposing changes in systems that are seen as stable. Innovation means offering a new 
action, function, skill, or improvement to a system already known, making significant 
improvements to it. Innovation is about creating something new that meets a real 
need, positively impacting quality of life and human development.

Creativity comes before innovation. Creativity is the moment when references are 
gathered, and a product or service is idealized and even designed. However, if it is not 
put into practice, it is just a creative result.

Innovation happens when the idea is put into practice and generates value. In fact, 
that’s why creativity is not measurable, but innovation is. Although creativity and 
innovation are in different arenas, they are forces that can coexist and, when they 
intertwine, yield improved outcomes.

This book focuses on the core and profitable link between creativity and innovation. 
It contains a set of reflections, experiences, and thoughts on how these two concepts 
become positive catalysts for each other. It also focuses on how to promote creativity 
and innovation in people, organizations, and communities.

This book is organized into three sections: “To Drive Creativity and Innovation 
Forward”, “Creativity and Innovation: An Eternal Bond”, and “Other Worlds for 
Creativity and Innovation”.



IV

Section 1, “To Drive Creativity and Innovation Forward”, focuses on the importance 
of promoting and reinforcing the importance of developing creative skills. It includes 
three chapters.

Chapter 1 reflects on the importance that higher education has given to the teaching/
development of creativity skills among its graduates. It addresses how creativity is 
defined in the scope of learning outcomes of higher education. Results show that 
some scientific fields, such as engineering, information and media, humanities, life 
sciences, agriculture, forestry and fisheries, and arts and architecture tend to value 
more creativity as a desirable learning outcome. Conversely, law, education, social 
sciences, and business sciences are explicit examples of the undervaluation of com-
petencies related to creativity as part of the professional profile of their graduates. 
Findings help to understand the real importance that higher education institutions 
attribute to creativity in their academic curricula.

Chapter 2 is based on the author’s research on group creativity and educational 
initiatives in higher education courses at an advanced level. It highlights correlations 
between experiences of flow in idea-generating group activities and group members’ 
integrative social behavior. In addition, the chapter shows that training for increased 
divergent thinking also develops broadened attention, openness, and flexibility 
for perspective shifts. The chapter presents a conceptual framework to construct a 
model of research design on collaborative creativity with the purpose of enabling 
comparisons between the study’s methodology and findings to continue developing 
this field of research with joint efforts. The chapter advances the view that the impact 
of activities training group-based creativity should be raised in significance beyond 
individual brilliant ideas because creative collaboration develops abilities to take 
initiative, make decisions and interact constructively together.

Chapter 3 presents a new theory of creativity in mathematics education. The chapter 
explores the Koestler/Prabhu theory of learning through Aha! Moment and applies 
the bisociative frame to investigate its processes of interaction with several different 
theories of learning. Uncovered processes of interaction suggest that creativity should 
be the basis of contemporary learning and teaching.

Section 2, “Creativity and Innovation: An Eternal Bond”, includes four chapters, all of 
which contribute to the idea of inseparability between creativity and innovation.

Chapter 4 looks at what tends to hinder creativity in organizations and how creativity 
informs entrepreneurship. Considering that innovation, entrepreneurship, and 
creativity are at the heart of entrepreneurship, the chapter focuses on the solutions 
to bond the creativity gap by refuting its possible barriers. It is a work that aims to 
mobilize policymakers, academics, and entrepreneurs to effectively use creativity to 
support innovation and entrepreneurship development.

Chapter 5 presents an integrated model of cognitive tasks involved in the process 
of technological innovation. The main topic of this model is the proposition that 
three cognitive conditions are necessary for technological imagination and innova-
tion, namely, (1) cross-domain knowledge, (2) simple heuristics, and (3) pattern 

V

recognition ability. Although the required domain knowledge and implementation 
methods are different across domains, this chapter advocates that heuristics that 
lead to a breakthrough at each phase in technological innovation are similar, with 
the conceptual combination as the cognitive engine for generating original and 
imaginative ideas.

Chapter 6 discusses the importance of creativity and innovation in the pursuit of 
fashion among women entrepreneurs of the middle class. It examines the factors 
that led to the involvement of women entrepreneurs in the fashion industry, namely, 
religious responsibility, self-interest in entrepreneurship, family support, positive 
attitude towards success, and improving soft skills for survival. The findings indicate 
the importance of creativity and innovation in the production of Muslim fashion 
and design products.

Chapter 7 aims to establish the significant connections between innovation and 
creativity, innovation and the culture of quality management, and creativity and 
the culture of quality management globally as a response to the crisis and post-crisis 
period. For the authors, since issues related to innovation, creativity, quality, and 
quality management have recently attracted more attention than other topics globally, 
considering psychological factors was of great importance, too. The main finding of 
this study is that there are relationships between innovation and creativity, between 
innovation and application of ISO standards, and between quality management and 
creativity. Hence, quality management, which reflects and refers to the notion of 
exceeding customer expectations by enhancing the quality of goods and services, 
is correlated with culture, innovation, and creativity as a response to the crisis and 
post-crisis period.

The final section of this book, “Other Worlds for Creativity and Innovation”, 
showcases concrete approaches to the practical application of creativity and its 
enhancement. Chapter 8 presents the “Life2Well Project: Learning at the Intersection 
of AI, Physiology, EEG, Our Environment and Well-being.” In this research project, 
creativity and innovation are implemented via identical units of a wearable device 
designed and worn by adolescents that contain environmental sensors that detect 
ambient temperature, air pressure, infrared radiation, and relative humidity. Results 
show that the most influential microclimatic factors on biometric indicators were 
noise and the concentrations of carbon dioxide and dust. Such findings suggest 
implications for the design of living conditions with respect to the interaction of 
microclimate and human health and comfort.

Finally, Chapter 9 highlights the contribution of design as a discipline to the reflection 
of creativity enhancement. It presents the Biology of Creativity Model (BoC), which is 
a design-by-analogy method that promotes an empowered design and creative practice 
through analysis of mostly biology reference texts for enhanced creative performance 
in a diverse range of contexts.

From different cultures, different scientific fields, different research methodologies, 
the different contributions that make up this book shape an integrated approach to 
creativity and innovation as central concepts to contribute to a better society.

XIV
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We believe that creativity and innovation are indeed the forces that drive progress, 
expression, and discovery. Investing in them is investing in a better, more balanced, 
and sustainable world.
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Chapter 1

Can Creativity Be Taught and/or 
Learned? A Sketch from Higher 
Education Learning Outcomes
Diana Dias and Maria Teresa Ribeiro Candeias

Abstract

Creativity embodies the ability to discover new and innovative ideas, links, and 
problems’ solutions. Creativity is a competitive advantage that enables both individu-
als and organizations to succeed in increasingly demanding markets. Therefore, 
the development of this competence has become central to the debate on curricula 
within education systems and the labor market. So, the present study seeks to address 
how creativity has been defined in the scope of learning outcomes of the new study 
programs under quality evaluation and subsequent accreditation in the Portuguese 
higher education system. Adopting a qualitative approach, a content analysis of 
these learning outcomes was carried out using a theoretical and empirically vali-
dated conceptual matrix. Results point out for universities and the public sector 
of Portuguese higher education system tend to value more creativity as a desirable 
learning outcome, as well as some scientific fields, such as Engineering, Information 
and Media, Humanities, Life Sciences, Agriculture, Forestry and Fisheries and Arts 
and Architecture. Conversely, Law, Education, Social Sciences and Business Sciences 
are explicit examples of the undervaluation of competences related to creativity as 
part of the professional profile of their graduates. Findings help to understand the 
real importance that Portuguese higher education institutions attribute to creativity 
in their academic curricula.

Keywords: creativity, higher education, curriculum, learning outcomes, skills

1. Introduction

In a global and highly competitive context, the issue of creativity is particularly 
relevant. Indeed, creativity is a competitive advantage that enables both individuals 
and organizations to succeed in increasingly demanding markets. Therefore, the 
development of this competence has become central to the debate on curricula within 
education systems and the labor market [1]. Several authors stress the significance of 
promoting creativity skills in areas such as the design of new services, new technolo-
gies and production processes within organizations or in areas such as health and 
education [2, 3]. Montuori and Donnelly [4] identify several fields of knowledge 
that deal with creativity, such as psychology, sociology, but also marketing, art, or 
anthropology. However, the influence of creativity is not limited to the organizational 
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dimension. At the individual level, creativity is a form of self-expression and a way of 
promoting engagement and a sense of accomplishment. Individual creativity is seen 
as a uniquely human trait that generates personal satisfaction and positive emotions 
[5]. Literature review suggests that creativity has an impact on individuals’ quality of 
life, as it generates feelings of satisfaction and pleasure, which are essential for mental 
health and emotional well-being [6–9].

It is therefore relevant to realize the concept of creativity. Like other concepts, 
creativity is approached and consequently defined from different theoretical perspec-
tives, which, when combined, allow for a more robust understanding of the concept, 
even if they are contested [10].

According to Sarsani [11], there is general agreement that the concept of creativity 
should be approached in a comprehensive manner, considering its multiple dimen-
sions. The first allusions to the concept of creativity [12] focus on the abilities revealed 
by creative people. Various authors converge in defining creativity as the production 
of new ideas with utility or as a problem-solving proposal [13, 14].

The psychological concept of creativity identifies two components: originality, 
which refers to novelty and uniqueness, and usefulness, which entails suitability and 
adaptation to a group or culture [15, 16]. In a similar exercise, Rhodes [17] proposes 
a structure consisting of four components: person, product, process, and press, 
which are interrelated and overlapping. Thus, person reflects the characteristics that 
reveal creative potential; process refers to the cognitive and affective processes that 
drive creativity; product reflects the characteristics of the creative outcome; and 
press alludes to the effect of the environment and outside influences as stimulators or 
blockers of creativity. Amabile and Pillemer [18] understand creativity as a socio-psy-
chological phenomenon. On an individual level, Lindqvist [19] argues that creativity 
is a construct of each individual imagination. However, the individual characteristics 
of creators are related to their culture and environment [20]. This interconnection 
with culture and environment reflects that, despite the individual nature of the act of 
creation, it takes place within a system of social relations [21]. The results of Kampylis 
and Valtanen [22] work show that the different definitions of creativity intersect in 
four elements. First, creativity is characterized as an individual talent. It also implies 
a conscious process that takes place in a specific environment and results in a tangible 
or intangible output [22]. While listing the various proposed components, Walia 
[23] defines creativity as an action that arises from the perception of the context, 
which identifies a certain imbalance that gives rise to a productive activity capable of 
challenging norms and thought patterns, resulting in something new that appears as a 
material object or a mental or emotional structure.

Over time, the limits of human potential in several fields have often been rede-
fined by accidental conditions and creative insights. These moments of creativity 
have stimulated progress, reshaped our lives, and transformed the understanding of 
individuals, pushing the boundaries of what was once unknown as possible or not 
[24–26]. While creativity is influenced by the creative domain and field, individual 
creativity potential refers to the creative actions that individuals can perform in their 
everyday lives. All individuals possess this potential, as it corresponds to their ability 
to construct original interpretations and is identified as a non-specialized creative 
thinking process that does not depend on a specific domain or field. However, creative 
thinking is a crucial competence for all learners and therefore for education. Although 
creativity and innovative thinking are fundamental components of educational 
technology, their absence in educational curricula is a serious limitation of modern 
education in all academic disciplines [5, 27–32].
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In fact, creativity becomes increasingly significant for the professional, personal, 
and social profile of all higher education graduates in all scientific areas. If in the 
Renaissance, creativity might be a luxury available to only a few, at present, it is an 
unavoidability for the survival off all [33]. In fact, creativity is assumed as a com-
petence that supports not only the ability to clutch opportunities, but also to cope 
effectively with challenges and hitches in the personal, social, and professional fields. 
The advantages of creativity are recognized in the world of work, as it is considered a 
key competence for innovation and organizational success [3].

Sustainability is more and more linked to each country’s capability to innovate, 
create new products and services, develop new technologies and production 
methods, offer products and services to new markets, and, in the global context, 
address the wide range of challenges in the fields of health, education and labor. 
[2]. Recommendations to uplifting creativity in higher education curricula from 
China and Japan governments, as well as by American and European business top 
managers [34]. In line, Lubart [35] claims that, “in respect to the capital issues, 
such as those of the social or planetarium equilibrium, the need of new approaches 
and solutions becomes increasingly urgent” (p. 8). And if creativity is accepted as 
a fundamental competence for success in the labor market, it should necessarily be 
a skill to be contemplated in the educational curriculum, with special emphasis on 
higher education. Particularly for Higher Education, boosting knowledge, innova-
tion, and creativity emerges as an intentional undertaking, appealing for creative 
research, creative pedagogies, and creative organizational structures. Jackson 
[36] stresses that higher education must recognize the critical role of creativity in 
training youth for the unpredictable and challenging labor market. He argues that 
promoting creativity-related skills would be part of their higher education experi-
ence, promoting their potential as far as possible. Several researchers argue that 
creativity plays a central role in the knowledge society and that higher education 
should actively promote strategies, methods, procedures, and guidelines for the 
development of students’ creativity [36–39]. As stressed by European University 
Association [40], for creativity to thrive in higher education, higher education 
institutions and external stakeholders need to promote purposeful and determined 
efforts to do so. This organization developed the Creativity in Higher Education 
project, involving 42 higher education institutions based in 21 different countries. 
This project aimed to understand and explore not only the factors promoting, but 
also the factors inhibiting the emergence of creativity in the context of higher 
education. Its approach focused on innovation in teaching and learning and the 
structure and leadership of higher education institutions [40]. Project findings 
provide strong endorsement to the idea that diversity and combination of arts 
and other disciplines can provide a highly favorable environment for addressing 
a multilayer issue such as creativity. In fact, diversity was recognized as a critical 
driver for strengthening creativity, whether applied to research teams, to teaching 
and learning methods, or to joint projects with external partners. However, sci-
entific evidence suggests that creativity decreases with increasing years of formal 
education [33, 41–44]. According to these authors, dissuasion and penalization of 
creativity expression in higher education seem to be the reasons behind this issue. 
In fact, Cropley [45] presents a clear example of creativity relegation by higher 
education institutions. The author found that Australian universities do not provide 
the necessary guidance for students to master successful strategies to cope with new 
situations, to cope with rapid change and to address changing failures, as 75% of 
all recent alumni, regardless of their scientific field, were recognized by employers 
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as lacking creativity, problem-solving and critical and independent thinking skills. 
In the same vein, Jackson et al. [38] argue that the importance of creativity in the 
teaching and learning process has been rather undervalued, as higher education 
institutions tend to value skills such as critical thinking more than creativity. Also 
in Brazil, Castanho [42] detected the diminished importance attached to creativity 
in higher education curricula. In the same vein, Hosseini [46] draws attention to 
the faculty’s difficulty in relying on educational practices that intentionally foster 
students’ motivation and creativity.

Jackson [36] also points to the attitudes and resistance of not only faculty staff but 
also students themselves to pedagogical methodologies that explicitly foster creativity.

The same author identifies other potential institutional barriers to fostering 
creativity in higher education, such as structural, cultural and procedural factors, lack 
of time and other resources, or institutional policies lacking creativity promotion. 
Despite the recognition that the development of creative skills is an asset to graduates’ 
personal, social, and professional profiles, creativity is very seldom embedded in 
higher education curricula as an overt learning outcome.

This chapter aims specifically to explore creativity as an explicit learning outcome 
in higher education curricula in Portugal. In other words, it aims to understand the 
weight of creativity in the graduate profile that higher education institutions claim to 
develop.

2. Methodology

In order to analyze the content of the learning outcomes mentioned by the 
Portuguese higher education institutions for their courses, the documents that these 
institutions may have presented to the Assessment and Accreditation Agency for 
Higher Education (A3ES) were considered. In the initial phase of the accreditation 
process, the higher education institutions submit to A3ES an accreditation proposal: 
“Previous Accreditation Request of a New Study Cycle.” For each assessed program, 
the learning outcomes that students are expected to achieve on graduation are listed. 
By an internal rule of A3ES, the information provided in this context is limited to 
1000 characters.

Thus, 2.926 evaluation and accreditation request processes were analyzed for New 
Study Cycles and Study Cycles already in operation.

A content analysis of the learning outcomes acknowledged in the proposals of 
study programs proposed to quality accreditation by the Portuguese Agency for 
Higher Education Accreditation (A3ES) was carried out using the MAXQDA software 
(version 12). Six steps were taken to identify patterns (themes) within the data. This 
analysis followed a conceptual framework, in which 24 technical and generic skills 
were included. This procedure uses a theme-based analysis approach, rather than a 
data-driven approach [14]. Creativity was one of the categories found and analyzed. 
Within the category Creativity, 6 sub-categories were considered: to Create, To be 
Original, To solve new problems, to go beyond, to think out of the box, and To trans-
form. Learning outcomes examples for each sub-category could be respectively:

• “Ability to create, undertake and innovate”;

• “With the conclusion of the program it is anticipated that the student will be able 
to solve problems in an original way, alone or in collaboration”;
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• “Training of postgraduates prepared to solve new problems with creativity and 
sensitivity to changes taking place in the present world”;

• “Ability to problematize the dynamics inherent to historical processes in a critical, 
creative and independent way, and capable of suggesting valid answers, scientifi-
cally based”;

• “Ability to innovate, ability to formulate unconventional questions and to think of 
alternatives”

• “The mission of the program is to train competent and enterprising professionals 
with the ability to use technology (software and hardware) in a creative way, inno-
vating and adding value to the national ICT business fabric (new applications, 
products, services).”

As already mentioned, the data analysis was focused on the information included 
in the documents submitted for quality accreditation and that refers to the “intended 
learning outcomes” that students are expected to achieve at the end of a given learn-
ing period. All learning outcomes (n = 2926) included in all proposals of new study 
cycles submitted to the A3ES for accreditation were analyzed. Of these 619 docu-
ments, 54.8% were 2nd study cycle proposals, while 26.2% referred to the 1st study 
cycle and 18.9% to the 3rd study cycle.

The content analysis of all learning outcomes in isolated categories, that is, accord-
ing to the conceptual synthesis matrix, made it possible to obtain a remarkable set of 
descriptive data, both by competence and by independent variable. These data thus 
made it possible to understand which competences and knowledge are most valued 
not only by Portuguese Higher Education in general but by each subsystem, sector, 
scientific area, etc. To this end, the quantitative data resulting from the previous 
content analysis were explored using the statistical program IBM SPSS for Windows, 
version 25 (IBM Corp. Released, 2010).

First, the univariate normality of all variables was confirmed using the Kolmogorov-
Smirnov test and the asymmetry (values <1.0) and kurtosis (values <3.0) criteria, as 
defined by Kline [47], and the non-existence of outliers (|z| < 3; [47]). Whenever any 
of the assumptions were not checked, the corresponding non-parametric tests were 
performed. When both tests were concordant regarding the rejection versus retention of 
the null hypothesis, the parametric tests were reported [48].

In the analysis of the results, the statistical procedures used included not only 
descriptive statistics but also parametric tests for independent samples (Student’s 
t-test and one-factor analysis of variance) and relationships between variables 
through Pearson’s r coefficient.

It should be noted that, in the ANOVAs, after the homogeneity of the variances of 
the variables used was tested through Levene’s test, the Gabriel post hoc test was used 
given the unequal number of subjects in each of the groups studied [49].

3. Results

Results point out the significance ascribed to Creativity as a learning outcome. To 
do that, the frequency of mentions of creativity in different higher education courses 
in Portugal was explored.
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When it has analyzed the weighting of the competences that appear as expected in 
the professional profile of each graduate, critical thinking is the most common learning 
outcome in 74.3% of the study cycles analyzed. Thus, critical thinking could be seen as 
the main transversal competence that the Portuguese academia intends to develop in its 
students. Most of the higher education offers (62.7%) tend to also value the competence 
to solve problem, as well as personal development (52.5%) and information management 
(50.1%). But, if 49.1% of all study programs mention leadership and 47.1% refer to ethics 
as a learning outcome expected at the end of the degree, only 46.2% raise creativity as a 
skill to develop. With smaller percentages, we find communication and entrepreneurship 
which are referred to by 46.2% and 41.2% of the courses analyzed. Figure 1 shows the 
percentage of mention of each skill in all study programs.

As can be observed in Table 1, the Gabriel post hoc test reveals that creativity pre-
sented a lower relevance in undergraduate degrees, followed by masters’ degrees. The 
relevance assigned by the undergraduates to this learning outcome differed significantly 
from the importance assigned to it in all other degrees. The same was true for masters’ 
degrees, where significant differences were found in comparison with the other degrees. 
Only in the integrated masters and doctoral degrees were there no significant differ-
ences between the importance attributed to creativity as a learning outcome.

Learning outcomes associated with creativity seem to be more valued by the 
university subsystem, and these differences are statistically significant.

On the other hand, learning outcomes associated with creativity seem to be more 
valued by the university subsystem and the public sector, and these differences are 
statistically significant. These differences were not found regarding seniority and 
geographical location of the higher education institutions integrating the analyzed 
courses.

Figure 1. 
Percentage of mention of each skill in all study programs.
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When analyzing the importance attributed by each scientific area to creativity 
as a learning outcome, interesting trends can be observed. Thus, creativity is men-
tioned for 30.3% of the degrees in Education, 52.2% in Arts and Architecture, 60% 
in Humanities, 35% in Social Sciences, 61.6% in Information and Media, 35.4% in 
Business Sciences, 33.3% in Law, 55.6% in Sciences, 68.6% in Engineering, 56.5% in 
Agriculture, Forestry and Fisheries, 21.7% in Health Sciences, and 46% in Services.

The Engineering cycles are the ones that most promote innovation and creativ-
ity as competences to be developed by their students, significantly different from 
Education, Arts and Architecture, Humanities, Social Sciences, Information and 
Journalism, Business Sciences, Law, and Agriculture. On the other hand, it is the 
courses in the Health area that least report innovation and creativity as an expected 
learning outcome. In terms of significant differences among the various scientific 
areas regarding the weight given to creativity in their study cycles are (i) Education in 
relation to Arts and Architecture, Humanities, Information and Journalism, Sciences, 
Agriculture and Services, (ii) Arts and Architecture in relation to Social Sciences, 
Business Sciences, Law and Health; (iii) the Humanities and Information and 
Journalism, both in relation to Business Sciences and Health; (iv) Business Sciences in 
relation to Agriculture and Services; (v) Law in relation to Sciences; and (vi) Sciences 
in relation to Agriculture and Health.

4. Conclusions

For Portuguese academia, creativity could be seen as the skill to create new 
things or new ideas. Creativity and originality are typically used as synonymous. 
But could also be noticed to solve new or renew problems. Creativity could be as 
well the way to go beyond, think out of the box, or to transform problems and to 
create new answers.

In fact, creativity is a learning outcome cited for only 46.5% of study programs 
proposed to quality accreditation by the national agency for quality assurance of 
higher education in Portugal. However, when the focus is put on the frequency of each 
category coded, creativity is the third learning outcome least cited in the Portuguese 
academy. If according to Jackson et al. [38], higher education institutions tend to give 
more importance to critical thinking, but our results give up the idea of the signifi-
cance of creativity in teaching and learning processes have been widely undervalued 
in higher education.

Portuguese academia clearly underestimates the importance of fostering creative 
skills in its bachelor and master students, which clearly runs counter to trends in the 
world of work and policy guidelines.

Bachelor Master Integrated 
Master

PhD F ηp
2

A (SD) A (SD) A (SD) A (SD) GL Value

Creativity 0.61 (0.94) 0.77 (1.20) 1.31 (1.47) 1.30 (1.30) (32922) 40.92*** 0.04

Note. A = median; SD = standard deviation. ***p < .0001. According to Cohen (1988): ηp2]0.00–0.05]—small effect 
size.

Table 1. 
Distribution of learning outcomes by academic degree.
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Universities (compared to more polytechnic institutions) and the public sector 
of Portuguese higher education system tend to value more creativity as a desirable 
learning outcome.

Most of the degrees in Engineering, Information and Media, Humanities, Life 
Sciences, Agriculture, Forestry and Fisheries, and Arts and Architecture mention 
expressly creativity as a learning outcome. Health Sciences is the scientific area that least 
values creativity, since less than 22% of its courses refer to creativity as one of its learning 
outcomes. But if these results can be, at least in part, justified by the fact that the health 
sciences teaching/learning process is very focused on clinical protocols, as law focused on 
regulations, the same cannot be justified in the case of other scientific areas. Education, 
Social Sciences, and Business Sciences are explicit examples of the undervaluation of 
competences related to creativity as part of the professional profile of their graduates.

Advocating Wisdom [50], Portuguese higher education system seems to need a 
cultural change, “to help teachers understand and enhance their own creativity and to 
recognize this as an integral part of their professionalism” (p. 183), as well as warrant-
ing an institutional climate that boosts personal development not only of the students 
but also of the faculty staff.

To fostering creativity in higher education, it is critical the intentional development 
of an institutional culture that enhances creativity and its expression. Boosting active 
learning and inspiring students to be creative, originals and innovative is one of the 
ways of assuring that creativity was in fact a real learning outcome of higher education.
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Chapter 2

Collaborative Creativity
Bengt Köping Olsson

Abstract

This chapter is based on the author’s research on group creativity and educational 
initiatives in the private and public sectors as well as in higher education courses at 
an advanced level. The contribution is derived from both qualitative and quantitative 
methodological approaches to present in-depth knowledge of creative collaboration 
and competence as well as training of the necessary skills needed to activate both the 
prerequisites and predictors for creativity. Research shows correlations between experi-
ences of flow in idea-generating group activities and group members’ integrative social 
behavior. In addition, it is shown that training for increased divergent thinking also 
develops broadened attention, openness, and flexibility for perspective shifts. A con-
ceptual framework is presented to construct a model of research design on collaborative 
creativity with the purpose of enabling comparisons between study’s methodology and 
findings to continue developing this field of research with joint efforts. The chapter 
advances the view that the impact of activities training group-based creativity should be 
elevated in importance beyond individual brilliant ideas because creative collaboration 
develops abilities to take initiative, make decisions and interact constructively together.

Keywords: collaborative creativity, social interaction, synchronized flow, mindfulness 
and openness, fluency and flexibility, research design

1. Introduction

Creativity emerges in day-to-day practice in the space between what is and what is 
to come, it is, therefore, vital to define creativity as the collective realization of ideas 
in meaningful ways within social practices [1]. Coworkers’ collaboration is important 
for developing workplaces, therefore we need to understand in what ways creativity in 
social groups can increase exchange and deepen the interaction quality.

With the aim of developing a conceptual framework for research at the group 
level, the concept of group idea was defined with inspiration from Mary Parker 
Follett (e.g., circular responses) [2] and Ludwig Fleck (e.g., thought collective) [3]. 
In studies on creative processes in social groups’ interaction, exchange of ideas, and 
intersubjective knowledge development, the concept of group idea is central to under-
standing how emergent content and structures can covary for creativity productivity 
and performance. This chapter thus scrutinizes the function of and consequences 
for creativity in social interaction—the exchange between group members’ different 
opinions and perspectives. This, in turn, contributes to better conditions and enable 
continuous development of knowledge and competencies in relation to both group 
and individual levels.
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Conceptual frameworks for research on social groups’ creative processes are often 
characterized as group dynamics [4–6]. What is denoted dynamics is the ongoing 
alteration between divergence and convergence as well as the thought ideal of itera-
tions between individual level (group members) and the group level cohesiveness 
supporting the development of group ideas. However, these kinds of frameworks 
or models do not describe and explain what constitutes the collaborative situation/
group-level state that makes the activities described in these models possible. That is, 
using the concept of “group dynamics” tends to establish another black box hiding 
what specific factors of social interaction enable collaborative creativity, for example, 
emergent outcomes characterized as original.

Instead, researchers (as well as practitioners!) should pay serious attention to cre-
ativity research where broadened thinking supports integration of different ideas and 
perspectives, as well as to social interaction, that is, intensity of dialog and quantity 
of exchange as drivers of self-organization and development of group maturity. After 
all, the purpose of developing divergent thinking may not primarily have the goal of 
efficient individual idea generation. What should be regarded as higher value and 
relevance of divergent thinking capabilities, is the activation of the so-called execu-
tive functions in relation to self-efficacy on an individual level and self-organization 
on group level.

Expressions such as ‘teams are made, not born’ are based on the belief that social 
interaction, dialog, exchange of views, and shifts in perspective can be trained and 
developed [7], that is, constructive integration of divergent propositions does not just 
happen “by itself”. In other words, groups’ collaborative creativity can be strategically 
trained and given appropriate conditions (i.e., prerequisites). From the perspective 
of facilitation of creative collaboration, there are two prominent categories of inter-
related prerequisites [8]: personal and behavioral characteristics. The level of these 
prerequisites should be considered in relation to each other as this correlation should 
guide the direction and scope of training.

Personal characteristics may for ethical reasons not be affected other than by the 
individual’s initiative, for example, motivation to belong and contribute to the group’s 
development. Behavioral characteristics such as attitudes, increased awareness, as 
well as aptitude, can be influenced through training and knowledge development [4].

In this chapter, the line of reasoning is structured in two main steps (1) that 
creativity enables social interaction and exchange, and (2) that social interaction 
drives creativity. Figure 1 visualizes the potentially mutually reinforcing, iterative 
correlation between, interaction and creativity, conditioned by certain prerequisites 
that can be assessed and as well as other types of factors that can be trained and thus 
predict creativity.

Figure 1. 
Visualization of the iterative reinforcing correlation between interaction and creativity conditioned by certain 
prerequisites and predictors.
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This chapter thus investigates how social interaction and exchange can be con-
ceptualized in terms of creativity and what factors (predictors) in social interaction 
support creativity as well as what factors (prerequisites) emerge in creative processes 
that enable social interaction and establish the quality of creativity.

Formulated as research questions: How can social interaction and exchange be 
understood in terms of creativity? By which research design can predictors and prerequisites 
for collaborative creativity be related, assessed, and analyzed?

2. Collaborative creativity and interaction quality

Sternberg, Lubart, Kaufman, and Pretz [9] emphasized that creativity is important 
for society, but points out that research on problem-solving, abductive reasoning, 
cognitive flexibility, or functional fixation studies important aspects of creativity 
without using the word creativity.

Facilitation of creativity needs to activate both competencies, skills, and enabling 
conditions for creativity, as well as reconsider the effects of the creative activity, its 
reinforcing function, cognitively as well as socially, also in relation to what creativity 
accomplishes, the outcome of creativity [8]. Thus, the development of theory related 
reflexivity on creative experiences and competence as well as training of required 
skills in innovation processes needs to activate both the pre-requisites and predictors 
of creativity.

Three factors of creativity constitute criteria for assessment of creative responses 
in three dimensions 1) fluency, that is, number of responses/suggestions/ideas during 
a specified time period), 2) flexibility, that is, the number of different responses/sug-
gestions/ideas during a specified time period and 3) originality, for example [10–12], 
is assessed on criteria of a qualitative nature based on perceptions of deviations from 
the ordinary [13, 14].

In general, people are expected to be flexible when encountering new situations, 
new requirements, and new problems, adapting to new technologies and com-
municating in diverse cultural settings. Cognitive flexibility is important for living, 
working, and learning in our rapidly changing world [15]. Social flexibility can be 
practiced and trained by giving and receiving information that develops new insights 
into other people’s opinions and perceptions, it is the ability to be critically susceptible 
in social interaction and exchange for alternative possibilities [16, 17]. Social flexibil-
ity is thus required for effective teamwork and a facilitator of interpersonal com-
munication [18]. A social perspective on flexibility can be defined as the inclination 
to adjust one’s view to suit changing interpersonal situations, an interactional trait 
conceptualized as “openness to others.” When interactors display flexible behavior, it 
is perceived as social flexibility [19].

Creativity involves the interplay of several factors where the correlation between 
social interaction processes and the characteristics of interacting individuals needs 
to be addressed together [20, 21]. The generation of original initiatives is a result of 
divergent thinking processes whereas the blending of several deviant initiatives and 
the assessment of this combinational outcomes’ appropriateness is regarded as a 
convergent thinking process [22, 23].

Chrysikou [24] maintains that generative processes that evoke originality are 
characterized by spontaneous, emergent bottom-up processes, whereas convergent 
processes are controlled, top-down processes focusing on a particular goal or result, 
rather than producing original content.
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For research on social interaction creativity, it is particularly interesting that diver-
gent thinking and broadened attention are mutually interconnected with prosocial 
behavior [25, 26]. In addition, this broader attention divergence is mutually related 
to underlying generic cognitive processes for social interaction and decision-making, 
c.f., executive functions [27, 28].

2.1 Social interaction and exchange: Group creativity

The need for skills for social interaction and exchange does not diminish in a 
distributed way of working such as digital meeting tools. The digital meeting tools 
do not function as designers expect as long as the interactants (users, participants) 
do not understand what social interaction quality consists of and how dialog and 
exchange of ideas can be developed. Furthermore, in an increasingly digitized and 
automated working life, the abilities associated with creativity will be increasingly in 
demand [29, 30].

We first need a distinction regarding ‘social group’, a term which in the innovation 
literature is used interchangeably as ‘organizational teams’, and then define social 
interaction in that context. Definition of group: important distinction between dyadic 
versus group interaction, a group consists of more than two interactants [6], that 
is, we are not dealing with dyadic interaction. Definition of interaction: more than 
“performing some actions in synch with each other”, that is, the quality that emerges 
during iterative exchange (such as in idea generation and creative problem solving) 
is related to the shared content and intersubjective understanding of that specific 
content. Definition of “interaction quality” [31, 32]:

There are different types of tasks and there are different levels of interaction 
quality as well. According to Sawyer [33] a work task complexity is defined in terms 
of how many operations that team members are required to work on together face-to-
face, while a non-complex task can be performed more linearly without interacting 
face-to-face, such as via mail contact where each performs his part and sends to the 
next team member to add their part in the whole. An additive interaction characteris-
tic is when every single group member’s contribution is collected and put together to 
find out similar and deviant opinions to reach consensus. That is something that all 
members can agree upon—which often tends to be the lowest common denominator. 
But, to develop content through the pool of interaction and results or solutions based 
on all members’ continuous contributions is not an additive process. And, from a 
group-creativity point of view the evolving content, the result, will probably be both 
new, unexpected, and useful as well as created from a genuine combination. Thus, it 
thereby meets all aspects of general definitions of creativity. In addition, Austin & 
Devin [34] used the ensemble concept to describe a specific quality of group interac-
tion, often manifested in artistic ensemble interplay.

2.1.1 Group creativity

Group creativity can be described in terms of alterations between the individual’s 
creativity (divergence) and developed shared group ideas (convergence). Group 
creativity includes both the production of new ideas and the stability to be able to 
integrate them into a solution or an innovation. The integration process of group 
ideas can be described in terms of circularity and emergence, at the collective level, 
ideas, and structures emerge through interactions between individuals and these 
collective structures influence the interactions between individuals. This iterative 
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self-organizing group process is collective creative agency: an engagement of actors 
who, through the ongoing meaning-making of group members’ initiatives and inter-
play of habit, imagination, and judgment, develops creative actions and decisions as 
an interactive response to the problem posed by change [4, 35].

This view on group interaction and idea exchange was developed in a study on 
working groups at five companies in mid-Sweden [36, 37]. To describe and present 
research results regarding group interaction and emerging group ideas, a diagrammatic 
visualization is well suited [38]. In these diagrams, the intensity of a group’s exchange 
of ideas can be described and related to its capacity for self-organization and decision-
making. In studies of group creativity, intensity can correspond to the concept of 
fluency at the individual level and the number of different group ideas during the same 
group session corresponds to the concept of flexibility at the individual level [36, 39].

2.2 Predictors of creativity or collaboration

2.2.1 Body movement

My research has involved artistic processes in both music and theater. The theater’s 
methodology for establishing an ensemble of actors through physical movement and 
dance can be used as a tool to understand what creative processes in groups can be 
[40]. Artistic processes can also exemplify the potential of human interaction in terms 
of interactional qualities and abilities to listen and respond. One such example is how 
the collective ability to improvisation can support the self-organizing capabilities 
of groups [4, 41]. Another example of how rhythmic movements to music enhance 
school children’s idea generation and problem-solving capabilities [42].

2.2.2 Originality takes abrasion

Creativity in work is the process of engaging practices that generate useful novelty. 
Organizations need to promote creative attitudes and provide open structures that can 
absorb resulting innovation. Core competencies in creative processes, such as critical 
thinking, problem-solving, and exchange, during teamwork are central to establish-
ing distinctions between human-technology-artificial intelligence (e.g. [29, 30, 43]). 
Abilities that combine originality and usefulness in different ways characterize a cre-
ative agent. Original (different, deviant, unknown) actions need to be able to be used 
(meaningful, appropriate) functionally. Understanding and embracing this originality 
as appropriate and potentially valuable change is correspondingly an expression of 
creative agency capability. This creation and incorporation of new ways of doing 
things are not frictionless, the new is often perceived as questioning and criticizing, 
sometimes destructive. But the constructive contribution of creativity is to come up 
with alternatives to what it criticizes, this is the convergence of creative processes. 
Interactants, i.e., group members, need creativity for divergent differences to interact.

Creativity’s laborious transcendence processes, balancing divergence and conver-
gence, are often driven by enthusiasm and disruption—enthusiasm opens up to the 
new and discovering, while what threatens existing understandings and accustomed 
practices is perceived as disruptive. The new ideas criticizing the prevailing, that is, 
idea generation by definition means that all proposals and ideas cannot be combined. 
This critical function and even destruction as a result of the old needing to give way 
to the new is often overlooked aspect of creativity. Innovation seeks energy, drive, 
and an attractive work environment in creativity but is often surprised by criticism, 
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slowness (incubation), and destruction. This ambiguous effect of creativity at the 
workplace utilizes idea generation to develop the workplace climate [44].

2.2.3 Dialog and intersubjective ideas

How creativity emerges over time in different types of workplace-specific  situations 
is a central question. A result of creativity in social interaction is the development of 
shared understanding in relation to innovation capabilities through dialog seminar 
methodology [41]. Findings from this study contributed to the understanding of 
attitudes and approaches that establish and maintain group dialog that develops 
intersubjective understanding. A consequence was that intersubjective understanding, 
emerging group ideas need to be made explicit and visualized, primarily for the group 
members’/participants’ sensemaking and re-understanding of what is going on and thus 
act constructively and contribute to the continued development of the group ideas [45].

With this perspective and purpose as a starting point, a conceptual framework was 
developed that later came to be known as “GroPro” including a number of associated 
“tools” for training the creative abilities of groups [4]. This project was driven by the 
belief that creativity and group creativity can be learned and trained [39].

2.2.4 Interaction quality: Group flow

The psychological experience called flow can occur during the performance of 
challenging activities in which the difficulty of the task is matched to the skill level of 
the person [46]. Characteristics of the flow experience include high but subjectively 
effortless attention, a sense of control, loss of self-awareness, and altered experience 
of time and enjoyment [47]. Flow experiences have predominantly been investigated 
in individual performers, there is a growing research interest in the quality of shared 
flow experience in social contexts, that is, group flow [48]. Sawyer [33] defines group 
flow as “an optimal collective experience that occurs when members develop a feeling of 
mutual trust and empathy, in which individual intentions harmonize with those of the 
group.” When team members experience this synchronized state of flow, this can be 
considered a sign of increased performance and enhanced team-level effectiveness 
[49]. This type of self-reinforcing circularity between the group and its individuals is 
common in accounts of social interaction and group dynamics [2, 3, 50].

Van den Hout and colleagues [49] posit seven prerequisites and four predictors of 
team flow experiences. The prerequisites for team members’ experiences of this col-
lective quality of interaction are shared values and mutual recognition, (1) collective 
ambition and motivation. Alignment between members, (2) individual goals, and (3) 
the teams’ goal. Team members’ skill levels should be comparable, some of which are 
unique to each team member and (4) the team should be able to integrate those skills. 
Establishing communication and feedback (5) each team member develops broadened 
perspectives which thereby set the conditions for listening and exchanging, to agree 
on activities for achieving the common goal. Creating a safe environment requires the 
elimination of unnecessary and unacceptable risks while allowing for and acknowledg-
ing the possibility that any team member may fail, which in turn gives teams (6) the 
freedom they need to take necessary risks by making them feel it is safe to take action. 
Team members keep one another on task by using task-oriented behavior, accountabil-
ity, and (7) mutual commitment to achieving the common goal [6, 16, 49, 51].

The four characteristics of team flow are (1) intense collaboration between team 
members as they strive towards the collective ambition and the achievement of their 
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goals. Interpersonal concentration on the shared activity and holistic focus, a shared 
sense of unity, that the team has merged to form (2) a cohesion of blending egos. Team 
members’ awareness of (3) constantly and effortless synergistic accomplishments, the 
willingness to be vulnerable and interdependent on one another, and finally shared 
confidence and (4) mutual trust that the team can achieve its common task [33, 49].

As Pels et al. [48] point out group performance should be assessed considering 
the  specific task framing the situation and constitute the basic criteria relevant to the 
specific interaction quality. However, the differing collective aspects should be seen 
as separate pieces of a single puzzle that come together to form the whole. With this 
approach, the definition of group flow becomes the integration of several interact-
ing factors, as follows: Group flow is a shared experience of states represented by (a) 
positive interactions, (b) a high collective competence, and (c) a collective state of 
mind consisting of positive relationships between group members, often resulting in 
(d) optimal collective performance and creativity [48].

2.2.5 Interaction quality: Flow synchronization

Flow synchronization is a psychological mechanism stimulating the group mem-
bers to interact with each other, and to work on shared goals collaboratively to reach a 
challenging interdependent task [52]. This specific quality of interaction can develop 
when the interactants have experience working together in an intensive exchange of 
initiatives, ideas, and opinions [32].

Predictors of group members’ experience of flow synchronization are (a) that they 
know the purpose of the task and (b) share a common strategy to reach agreed goals. 
Group members help each other, (c) integrate their initiatives with consistency, (d) 
motivate themselves, and (e) learn from each other. In addition, when they (f) reflect 
on the experience of working together, they realize how much they have developed 
during the activity and how they influenced each other’s performance [53, 54]. Thus, 
the coordination effect of interactional functioning has been highlighted in the stud-
ies of flow in a social context.

The flow synchronization has been operationalized with the 28-item Flow.
Synchronization Questionnaire [52], which collects the experienced components 

of the interaction during a shared flow situation. The questionnaire identifies five 
components: (1) effective cooperation and partnership evaluate the common activity 
from a personal, relational perspective. The component of (2) engagement and con-
centration on the task refer to the flow experience during the interdependent activity. 
The third and fourth factor focus on the motivational effect of the partners, related to 
the concept of emergent motivation [46] and the facilitating role of the partners (e.g. 
[55]). Coordination during the interdependent activity refers to the behavioral coordi-
nation of the cooperative partners, supporting the synchronization mechanism [54].

2.3 Prerequisites for interaction quality

2.3.1 Openness

The personality trait Openness is one of five factors in the well-established frame-
work called the Big-Five, which is used to assess individuals’ personality character-
istics. Each factor, i.e., trait, is based on empirically derived personality traits which 
in turn are a cluster of several more specific aspects which in turn comprise a large 
number of even more specific characteristics [15, 56].
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The experience of being engaged in an activity depends mainly on the existing 
degree of openness. For example, group members who have an open attitude tend to 
experience a greater effect from several days of training activities in improvisational 
approaches [57]. In social groups, engaging in creative problem-solving tasks [58] and 
openness to experience includes intellectual curiosity, reasoning and imagination, 
artistic and esthetic motivation, as well as emotional and fantasy richness [15].

Openness to others is associated with creativity and flexibility in thinking and acting 
[19]. Flexibility in thinking is related to divergent thinking, such as “jumping” between 
categories to avoid functional fixation, i.e., getting stuck in predefined categorizations 
or “downpipe”-thinking. Openness is thus a prerequisite attitude for divergent and flex-
ible as well as for improvisational, self-organizational, activities in a group [58].

2.3.2 Mindfulness/mindlessness

Personal characteristics such as the personality trait openness to experiences correlate 
with mindfulness, engagement, and concentration in collaboration and self-efficacy. 
Actively engaging in reconstructing one’s impressions of the environment, for example, 
the behavior or suggestions of other group members and paying attention to what this 
may mean for one’s understanding of what the group as a whole strives to create, for 
example, a group idea, is a mindful approach which is one of the prerequisites for col-
laborative creativity. This approach enables own interpretations and conscious manipula-
tion which in turn can constitute creative contributions to the group’s interdependent task 
([59], p. 4). From a creativity perspective, Mindfulness is a composite of four compo-
nents: (1) novelty seeking, (2) commitment, (3) producing novelty, and (4) flexibility.

Mindlessness on the other hand refers to when the individual mindlessly forms a 
cognitive commitment to the information and freezes its potential meaning. Alternative 
meanings or uses of the information become unavailable for active cognitive use [60].

Research on mindfulness in organizational contexts refers to this decidedly 
Western notion of mindfulness in terms of a socio-cognitive approach [61]. Weick 
and Sutcliffe are drawing extensively on Ellen Langer’s research and describe mind-
fulness as a rich awareness of discriminatory detail generated by organizational pro-
cesses [62]. Valdesolo et al. stress the benefit of training group members’ perceptual 
sensitivity towards the other group members’ actions as this promotes performance in 
interdependent tasks [60].

In this socio-cognitive perspective, mindfulness becomes central to the mutual 
creation of meaning [63]. A mindful perceptual sensitivity towards others can thus be 
regarded as a prerequisite for interaction and exchange in social groups. Langer uses 
the concept of “sideway perception” relating to interaction theory regarding consider-
ing interactants (group members) actions, that these actions are not arbitrary but 
always express meaning, cf. intersubjectivity, [64].

In addition, from a sociocultural perspective on creativity, an attitude of mind-
fulness group members can interpret interactants’ actions as multifaceted with 
several different meanings [65, 66]. Prerequisites for collaborative creativity are then 
openness for others, flexibility for divergence exchange, mindfulness in interaction, 
intersubjective creation of meaningful creativity, and improvisational attitude.

2.3.3 Improvisational attitude

For making the group collaboration to eventuate into creativity all group members have 
to be present in whatever is going on, aiming their focus on whatever emerges out of the 
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social interaction. This corresponds to “improvisational attitude” defined as “being mind-
fully in the now” [59]. When the interactants are aware that their collaboration continu-
ously produces some emerging content, they can relate the group interaction to what the 
group produces as an outcome related to the task. We denote the emergent content “group 
idea” [67]. This implies that constructive and creative group effort is built on group mem-
bers’ awareness and ability to focus on whatever emerges through their interaction [68].

Sawyer outlines four rules or principles for constructive group improvisation [33]. 
Here follows our translation into four competence areas for collaborative creativity as 
a development of Sawyer’s principles of group improvisation:

The basic competence for collaborative creativity is that the interactants train 
themselves to execute a “Yes, and..” attitude. The “Yes…”-part is the foundation of col-
lective creative performance. The “and…”-part is the contributing dimension that sup-
ports the so-called “Group Idea” to gradually develop, that is, the emergent content.

The second competence area concerns listening skills. “Listen to the group idea!” is 
about listening empathetically to whatever is expressed rather than pondering about 
which response would be the most intelligent. This conscious awareness of others 
is consistent with one of Alex Osborn’s guidelines for constructive brainstorming: 
“improve through combination” [69].

The third competence area is rather about developing a basic approach for all 
types of improvisation, that is, openness to others. A traditional concept in creativity 
research is functional fixation. The facilitative prompt for collaborative creativity 
aims to minimize this mindless fixation and reads “Do not write the script in your 
head!.” When this call is heeded, interactants begin to be more mindful and “stay in 
the moment of interaction.” It involves a great deal of trust in handing over control to 
the group process, assured that creativity will emerge from the iterative interaction. 
After all, it is not possible for one person to create a group idea.

Finally, the fourth competence area is about avoiding interrupting the group 
members’ (interactants’) synchronized experience of flow. That is, do not slow down 
the dialogic exchange of ideas and suggestions with long justifications and explana-
tions, but “describe by doing” instead. The intensity, that is, fluency, of collabora-
tive creativity has a greater impact on both performance and results than laborious 
accounts of the excellence of a particular idea.

2.3.4 The ability to combine differences and reaching alternatives

The responsibility for achieving and maintaining the presented prerequisites can 
to some extent be attributed to the group’s leadership and distribution of work tasks, 
but the working group as a collective should also take responsibility for its way of 
interacting and making decisions, that is, the development of interaction maturity 
[31]. For the analysis of the interaction maturity of work groups, we have established 
a conceptual framework in the form of a maturity ladder inspired by Dreyfuss & 
Dreyfuss’ [70] five levels of competence, as follows:

First level—the Novice: Group members’ actions have no particular meaning 
for the other members’ understanding of the task or problem being solved. Second 
level- the Beginner: Group members’ action is collected to build consensus or to find 
the lowest shared denominator. Third level—the Experienced: The awareness of the 
group idea function as an interpretation background for members’ action. Different 
actions could be understood and given a shared meaning about the group idea. Fourth 
level—the Competent: A shift in interaction quality from the lower levels. The way 
of relating to (attitude) group members’ actions have an explicit connection to the 
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evolving group idea and this understanding is the background from which members’ 
action is interpreted and given meaning. Fifth level—the Expert: The team is able to 
completely change the way of interaction. The team realizes and refers explicitly to 
the inter-subjective group idea and is able to shift between different group ideas [31].

3. Research approaches, conceptualization, and design

For new research initiatives to contribute to the development and expansion of the 
research field of collaborative creativity, it is important to relate to a common concep-
tual framework. Research on creativity within psychology-oriented scientific perspec-
tives and methodologies such as psychodynamic, cognitive, and behavioral sciences. 
Research on creativity with cognition perspectives has developed methodology and 
conceptual frameworks for studying creativity (e.g. divergent thinking, functional 
fixation, incubation, traits), where, for example, divergent thinking is operationalized 
and analyzed in three conceptual dimensions of fluency, flexibility, and originality.

Research with social psychology-oriented perspectives has developed methodol-
ogy and other types of conceptual frameworks for studying creativity (e.g. social 
interaction, interdependence, group dynamics). Research findings on socially 
oriented creativity should also be related to divergence and convergence as well as 
originality and functionality.

To establish a common framework to enable comparison of findings, we suggest 
the following conceptual analogies: Fluency in studies on creativity in group interac-
tion should be assessed and analyzed in terms of “intensity” in the exchange of ideas 
and dialog. Flexibility in group interaction should be assessed and analyzed in terms 
of “the number of different types of group ideas” that the group is able to accommo-
date during group interaction. The creativity dimension originality should be assessed 
and analyzed in relation to the conventions in the relevant field. For example, an 
originality in group interaction can be assessed and analyzed in terms of deviations 
from expected behavior, such as the degree of collective improvisation which the 
group cohesively manages to act and treat.

3.1 Research conceptualization and design

To form a coherent and consistent development through the sections of this 
chapter from the theory-based conceptual framework, via research approaches and 
design, a model for research design on collaborative creativity is presented in this 
section. This has the overall purpose of enabling comparable studies in terms of 
methodology and findings to continue developing the knowledge area of collaborative 
creativity with joint efforts.

A scientific methodological approach that lends itself well to research on collabora-
tive creativity is critical realism (4). Utilizing ontologically based stratification of struc-
tures (e.g. outcome, group ideas), events (e.g, idea generation, dialog), and underlying 
mechanisms (e.g. interaction quality, improvisational attitude), the combination of 
different types of methods for data collection and analysis is enabled, that is, retroduc-
tion [71]. In the research design according to Figure 2, stratification is visualized in 
four levels, where each level can consist of several events and each event can be caused 
by several mechanisms. It is the research question that determines which mechanisms 
a particular study should consider as appropriate explaining factors for the particular 
event which are thus analyzed through critical realism’s so-called retroduction.
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In relation to the methodology and research approach of critical realism, the 
proposed research design, the mechanisms are grouped into predictors and prerequi-
sites. The events have also been grouped into two categories, that is, “conditions for 
collaborative creativity” and “group productivity.”

4. Discussion and conclusion

In the previous section, a methodological approach to investigating collaborative 
creativity was presented. The rationale for this is that creativity is composed of vari-
ous factors that directly or indirectly influence each other, and these interdependen-
cies are rarely simple and linear. Furthermore, the translation of traditional analysis 
concepts (i.e. fluency, flexibility, and originality) to social collaborative creativity, 
needs to be established to continue developing creativity research cumulative knowl-
edge expansion by enabling comparison between the results of different studies.

It is, for example, important that findings in creativity research do not conflate 
creativity as outcome versus creativity as quality—or do not present a clear distinction 
between outcome versus performance. This can lead to problems in the assessment 
and analysis of collected empirical data and thus, by extension, the comparison of 
results between different studies, this especially applies to the originality dimension 
of creativity. Assessment of originality in creativity can be carried out by external 
experts grading the results of creative processes in the originality dimension con-
tinuum between everyday/traditional to unique/path-breaking, cf., consensual 
assessment technique, CAT [13]. However, assessment and analysis of the originality 
dimension in terms of creative quality in the process or more specifically in the group 
interaction is not as developed as the other dimensions, that is, fluency and flexibility.

Figure 2. 
Suggested research design for collaborative creativity; stratification levels, theoretical concepts for qualitative and 
statistical analysis.
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In Figure 2, it was demonstrated that systematic research studies need to stratify 
these factors ontologically at different levels to understand, analyze and explain how 
factors at different levels interact in collaborative creativity and establish conditions 
that drive interaction quality and productivity.

Moreover, factors at different levels may need different methods of collecting 
and analyzing data to relate results between different levels, which is supported by a 
theory-based conceptual framework. Each with appropriate methods for data collec-
tion and analysis of mechanisms that at different levels contribute to the emergence 
of collaborative creativity. The construction of a conceptual framework for research 
should therefore consider and translate central concepts consistently between levels, 
enabling comparisons of results between different studies. The suggested conceptual 
framework for collaborative creativity thus has its function both within and between 
different research studies (Figure 3).

This chapter has presented a social perspective on collaborative creativity evolv-
ing through the combination of divergent differences. The premise for developing an 
understanding of the elements of collaborative creativity is the circular logic captured 
in two propositions, P1: Interaction drives creativity, and P2: Creativity enables 
interaction. These propositions express the relational logic that “the interactants need 
creativity for divergent differences to really inter-act.” Proposition P1 has been shown 
in research studies to have certain predictors, while proposition P2 has been shown to 
need the support of certain prerequisites.

Predictors of creativity:
Social interaction always establishes some kind of emergent property, in collabor-

ative creativity, a specific interaction quality conceptualized as flow synchronization 
has been shown to be an emergent factor.

Idea generation develops Divergent thinking, which, in turn, initiates Executive 
functions. An example is the relationship between idea generation and creative 
productivity, which develops openness also in social interaction, such as empathic 
understanding of others’ perspectives and perceptions.

Figure 3. 
Collaborative creativity—predictors of creativity-related prerequisites for interaction.



27

Collaborative Creativity
DOI: http://dx.doi.org/10.5772/intechopen.110608

It is crucial that the Originality dimension is assessed especially in studies on cre-
ative group interaction because it is necessary to get results relevant to creativity. But 
it is also methodologically important to avoid the problematic concept of “dynamics”, 
which seems to be the case when only the dimensions of Fluency and Flexibility are 
assessed and analyzed. It risks establishing yet another black box hiding what flexibil-
ity and fluency in social interaction can be also making comparison to other studies 
cumbersome, which in turn risks limiting the development of the research area that 
constitutes collaborative creativity.

Prerequisites for interaction:
An approach characterized by Mindfulness seems to work mutually reinforc-

ing with Openness to others in a way that strengthens integrative action, that is, 
interaction between, for example, group members. These are two prerequisites for 
collaborative creativity. Two others are the desire to combine divergent differences 
and improvisational approach. These four have been shown to be prerequisites for 
collaborative creativity because they both support creative productivity and exchange 
in socially interdependent collaboration.

The presented premise should also constitute the pedagogical logic for didactic 
strategies that aim to activate predictors and prerequisites of collaborative creativity 
through the training of necessary skills and knowledge development. Acquiring these 
abilities and establishing relationships requires training and knowledge development. 
Education, training, and facilitation of collaborative creativity need to strive to struc-
ture learning and activate abilities based on the ontological prerequisites of creativity. 
The structuring of content should be connected in such a way that the students have 
the opportunity to be activated in creative productivity, analyzing the outcome of 
interaction and exchange, reflecting on flow experience and interaction quality in 
relation to the emergent content and evolving structures.

5. Conclusions

The presented reasoning and developed model of research design for investiga-
tion of collaborative creativity are derived from both qualitative and quantitative 
methodological approaches. The chapter advances the view that the impact of activi-
ties training group-based collaborative creativity should be elevated in importance 
beyond individuals’ capabilities related to idea generation and production of original 
and functional ideas. Both training in and research on these abilities are important, 
but these activities should also be understood and developed based on their generative 
function in social contexts. Creativity is a genuinely generative ability, creative pro-
cesses develop the ability to take initiative, make decisions, and interact constructively 
together and this should have implications for research approaches and methodologi-
cal design as our conceptual framework for collaborative creativity suggests.

Practitioners, educators, and facilitators of creative processes should acquire a deeper 
understanding of the predictors and prerequisites of creativity. This recommendation 
is based on the presented research design, moreover, the conceptual  framework are 
motivated by the fact that the social value of creativity is too often overlooked, that is, the 
combination and interaction between divergent differences, fostered understanding of 
different perspectives, diversity, and empathy. And, that this, therefore, needs to be taken 
more seriously into account in different types of education and training in creativity.

Educational initiatives for collaborative creativity should train skills that are needed 
as prerequisites for this type of interaction quality to be established. Such training 
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should include assessment of creativity at different levels, that is, individual, group, 
workplace, etc. In addition, the development of facilitation skills should include the 
development of action plans for different types of method used based on the stratifica-
tion of levels in the suggested research design (Figure 2) [72]. These learning activities 
are important for facilitators of collaborative creativity where expectations of both 
deep theoretical knowledge and experience-based abilities are addressed [7].

6. Future development

Based on the previous discussion, further development of collaborative creativity 
is proposed in the following three points:

• The development of research on creativity with sociological research approaches 
is promising, presenting studies often based on conceptual frameworks from 
action theory [64, 65]. From a sociological research perspective, collaborative 
creativity can be defined as a temporal interactive engagement between actors 
in different structural environments where the interaction both reproduces and 
transforms emergent content and responses such as responses to interdependent 
problem-solving tasks [35].

• In addition to mapping the methodologies of similar research approaches and 
their presented results with each other, the suggested conceptual framework needs 
to be applied in several studies to establish significance and create credibility.

• Research on collaborative creativity should focus on the effects of creativity 
rather than on the immediate results of creative processes since social interac-
tion is needed for creativity as well as creativity is needed for social interaction, 
integrating differences, and intersubjective meaning-making.
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Chapter 3

Bisociation: Creativity of an Aha!
Moment
Bronislaw Czarnocha and William Baker

Abstract

This chapter presents a new theory of creativity in mathematics education. The
theory has been anchored in two foundations: that of teaching practice of Vrunda
Prabhu which occasioned surprisingly many Aha! Moments experienced by students
in her remedial arithmetic classes in college and that of the Arthur Koestler’s volume
The Act of Creation. The Act of Creation introduces term bisociation describing an
Aha! Moment and Eureka Experience as “the spontaneous leap of insight which
connects previously unconnected frames of reference” by unearthing “hidden analo-
gies”. Whereas Koestler formulated the concept of bisociation within humor, scien-
tific discover and art, we focus primarily on the bisociative creativity in mathematics.
We abstract the concepts of the bisociative frame as the two unconnected frames of
reference, useful method for (1) identification of heightened probability of creative
insight in a given mathematical situation and (2) identification of possible creativity
within different theories of learning. The chapter explores Koestler/Prabhu theory of
learning through Aha! Moment and applies the bisociative frame to investigate its
processes of interaction with several different theories of learning. Uncovered
processes of interaction suggest that creativity should be the basis of contemporary
learning and teaching.

Keywords: creativity, Aha! Moment, bisociative frame, interiorization,
internalization, appropriation, Koestler/Prabhu theory of learning, constructivist,
socio-cultural

1. Introduction

This chapter presents a new theory of creativity in mathematics education. The
theory has been built from two sources: Prabhu’s [1] teaching experiment, which
brought about a surprising number of Aha! Moments in students enrolled in her
developmental math classes and Arthur Koestler’s volume The Act of Creation [2].
The research, or rather the teaching–research pathway that led us to formulating the
new theory of creativity in mathematics education, started during the 2010/2011
teaching-experiment conducted by Prabhu and supported by CUNY grant C3IRG 7,
Problem Solving in Remedial Mathematics—a Jumpstart for the Reform. The grant was
awarded to members of the Teaching-Research (TR) Team of the Bronx anchored in
Hostos Community College, New York City. The work on creativity of Aha! Moment
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took two creative cycles of work each lasting several years, during which we realized
we have here a new distinct approach to creativity through Aha! Moment. Since Aha!
or epiphanies are common occurrences among the general public in many domains
of activity, the presented theory applies equally to the “underserved and
underrepresented” as well as to the “talented and gifted”.

These separate research ideas coalesce into a whole presented in the work by
Czarnocha, Baker, Dias and Prabhu in [3], where the first sketches of the new theory
appeared in different chapters. The volume introduced the theory of creativity in its
discussion of teaching–research methodology, showing that TR methodology is
intrinsically creative. Because teaching and research constitute two matrices of
thought, generally and unfortunately not connected with each other, working at the
teaching–research interface enables bisociative processes to create/build Aha! bridges
between them.

During the second teaching–research creative cycle, we investigated processes of
facilitation of an Aha! Moment assessment of the depth of knowledge gained during
the insight, and constraints imposed on development of creativity in mathematics
classrooms. The full exploration of the phenomenon Aha! Moment took place at the
completion of the second creative teaching–research cycle with the volume
Creativity of an Aha! Moment and Mathematics Education, Czarnocha [4] which
collected our own research as well as that of international experts on Aha! Moments.
The Koestler/Prabhu theory of creativity through Aha! Moment was formulated in
that volume for the first time. The reflection on this work provided the basis on which
to build the Philosophy of Creativity in Mathematics Education [5]. In this chapter,
we present the Koestler/Prabhu theory in Section 2 together with some of its
application into creativity research. We also provide a method of assessment for the
increase of knowledge occasioned by Aha! Moment insight in Section 3. Section 4
presents our investigations into the relationship between the bisociative frame and
sociocultural framework. In Section 5, we summarize and connect different threads of
the paper.

2. Koestler theory of bisociation

2.1 Elements of the Koestler theory of bisociation

The work presented here on the creative moments of insight popularly called
Eureka experience or Aha! Moment is based on [2] where the author introduced a new
concept/term of bisociation, which is the spontaneous act of thought which combines
or dialectally synthesizes the information from two different, generally unconnected
domains. Bisociation is seen here as distinct from association, which produces knowl-
edge within a single domain. Koestler makes a clear distinction between more routine
or habitual thinking (association) operating within a single plane or a matrix of
thought, referred to here as the exercise of understanding and the more creative
bisociative mode of thinking that connects independent autonomous matrices called
progress in understanding [6].

What is a matrix of thought also called a frame of reference?

The matrix is the pattern before you, representing the ensemble of permissible moves.
The code which governs the matrix can be put into simple mathematical equations…
or it can be expressed in words. The code is the fixed invariable factor in a skill or
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habit, the matrix is the variable part. The two words do not refer to different entities,
they refer to different aspects of the same activity. ([2], p. 40).

A clear example of a matrix and a code is given in chess where the matrix is the full
collection of available moves, while the code are the rules for the movement and
interaction among the chess pieces. In high school algebra, the matrix is the full set of
polynomials and power series in one or two variables; the code are the established
rules of operations on these mathematics objects.

In our effort to apply Koestler’s theoretical framework in the creativity process
within learning mathematics, we focus on two related questions: (1) How can you
describe the genesis of a new code-matrix? and (2) How can you characterize
moments of creative insight that lead to new structure-matrices and ultimately new
codes? Koestler considered the formation of new structure-matrices, as well as the
hierarchy of matrices serving the organism as “[s]ymbolic models of the external
world” (p. 506) that govern how we interpret and react to a situation in a predictable
manner, as the central role of cognition. For Koestler, an important component in
characterizing moments of insight is expressed in his notion of the degree of original-
ity, which is inherent in our discussion of the depth of knowledge acquired during a
moment of insight. In learning theory, an individual’s development of structure is a
focal point of constructivist research and cognitive science.

Koestler translates the term matrix very broadly into such diverse domains as
literature, art, drama, motor skills and humor. He notes that matrix in cognitive
psychology would be termed a schema.

The concept of matrices with fixed codes and adaptable strategies, proposed as a
unifying formula, appears to be equally applicable to, perceptual, cognitive, and
motor skills and to the psychological structures variously called, ‘frames of reference’,
‘associate contexts’, ‘universes of discourse’, ‘mental sets’, or ‘schemata’ etc. (p. 96)

Cognitive psychologists use the term schema to describe mental structures that
guide our response to life situations; thus, there is a schema for work, family relation-
ships, commuting, religious services, etc. The particular schema that interests us is an
individual’s schema for mathematics problem-solving.

Constructivists use the term scheme to describe a mental process for resolving
problem situations. We loosely translate schema as a hierarchical structure of
schemes. Thus, the building of schema begins in the second stage of the Piaget Garcia
Triad [7] through the connection of schemes into hierarchical collections (mental
toolboxes for a given domains of math). The third stage begins connections between
schemata. The term code translates into the constructivist notion of an invariant
relationships, which can be understood as the automated principle of a conceptual
relationship that underlies an activity–effect relationship in a problem situation
(scheme).

Creativity or a Eureka moment occurs when an idea is suddenly understood to
exist simultaneously in two previously unrelated frame (Figure 1).

The perceiving of a situation, or idea, L, in two self-consistent but previously incom-
patible frames of reference (fig. 1) The event L in which the two intersect is made to
vibrate simultaneously on two different wavelengths, as it were. While this unusual
situation lasts, L, is not merely linked to one associative context, but bisociated with
two. ([2], p. 35).
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2.2 Koestler: progress in understanding new codes

In the first stage of the Piaget Garcia Triad, the birth of a conceptual relationship
begins with interiorization. For Koestler the genesis of a new code is referred to as
progress in understanding; the equivalent constructivist term is accommodation. In
constructivist theory, all acts of accommodation are the result of what Piaget refers to
as reflective abstraction (abstraction of processes). Interiorization is understood as the
foundational type or process of such abstraction that translates externally directed
activity into an internal process. Koester describes the genesis of codes, or progress in
understanding, as due to moments of insight, within the learning process, or moments
of creativity insight that lead to the synthesis of two matrices or, “bisociation”

[p]rogress in understanding – the acquisition of new insights… is achieved by the
formulation of new codes by… empirical induction, abstraction, and discrimination,
bisociation. (p. 619).

The Transition from Empirical to Abstract reasoning.
Concepts are born in the first stage of the Piaget & Garcia Triad. Constructivist

research based on Piaget’s work and social constructivism based on Vygotsky; both
view the development of a child’s cognition as transitioning from empirical to more
abstract reasoning. Constructivists view the transition from empirical reasoning, dur-
ing which one’s intuitive solution activity is directed by the situation, as interioriza-
tion. This process leads to an abstract activity–effect relationship based on
understanding the relevant concept and thus no longer dependent on the situation.
They view this first-stage transition as the way human cognition evolved historically
as well as the pathway for child development.

Vygotsky refers to the transition from empirical to abstract thought as one from
spontaneous to scientific concepts and considers it essential for the dawning of the
child’s ability to engage in self-reflection. Vygotsky considers such internalization of
exterior activity as social-based, primarily guided by adult communication, and in
large part based on imitation of adult behavior.

In this debate, Koestler is strictly a constructivist. Indeed in his chapter on science
and emotion, he titled one of the sections “The Boredom of Science” lamenting how
direct instruction of theorems and repetition have made math and science “antihu-
man”. In contrast to the social-cultural approach, in his view individual moments of
insight lead to a transcendence experience, and only from this can we begin to
appreciate math and science. Like Vygotsky, Koestler understands objective abstract
thought as essential for human self-reflection, but like constructivists he situates such
reflection, as based upon transcend moments of insight that are individualistic. Thus,

Figure 1.
Bisociated concept L between matrices M1 and M2.
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Koestler like constructivist researchers is primarily focused on bisociation within the
learning process of an individual and not on moments of insight within social dis-
course.

The phenomenon under investigation is moments of insight within the learning
process, which lead to progress in understanding, or concept development. As teacher
researchers our contention is that such moments occur both during social discourse-
internalization as well as during reflection on our own solution activity. Furthermore,
the novel concepts and structure developed through the connections established at
this moment of insight (progress in understanding) can be assessed through the
Piaget-Garcia Triad. Before continuing with these themes, we review Eureka or Aha!
Moments and creativity theory.

2.3 Eureka experience/Aha! Moment

The phenomenon under investigation of the proposed theory is the act of creation in
mathematics and science called Eureka experience or Aha! Moment. It is that moment
when suddenly, after a long period of trying to solve a problem or understand a new
concept without success, the solution comes in a flash, generally with a good doze of
satisfaction. It is a very particular form of creativity that appears as an insight, as a
discrete insight in that it appears instantaneously at separate moments of time.

Gestalt creativity approaches the Eureka experience as the stage of illumination
within the sequence of preparation, incubation, illumination and verification stages
suggested by [8, 9]. The sequence represents the stages through which the formation
of the creative idea takes place. While the first three stages came from psychological
research, the fourth stage was added as the necessary part of the creative process at
the Poincare insistence [8]. Why would Poincare insist on verification as the compo-
nents of creativity? Because Poincare in [10] says: It never happens that unconscious
work supplies a ready-made result of a lengthy calculation in which we have only to apply
the fixed rules…All that we can hope from these inspirations, which are the fruits of
unconscious work, is to obtain points of departure for such calculations. As for calculations
themselves, they must be made in the second period of conscious work, which follows the
inspiration and in which the results of inspiration are verified and the consequences deduced
(pp. 62–63).

The more so, of course, because sometimes the Aha! Moment is false. Conse-
quently, the verification stage plays a dual role: On one hand as a possible completion
of the creative act and as the check on the correctness of the logical-causal structure of
its content. Recent examination of Wallas’s work suggests in [11] the fifth stage of
intimation to be placed between incubation and illumination. Intimation is, for
Wallas, the

“fringe of consciousness” which surrounds our “focal” consciousness as the Sun’s ‘corona’
surrounds the disk of full luminosity”, Wallas continues: “This fringe consciousness
may last up to the flash instance, may accompany it, and in some cases may continue
beyond that.”

In such a case intimation can be an excellent “point of departure” for calculations
in the verification stage with certain though unclear anticipations for its results. The
three-process theory formulated by [12] helps in identifying different types of
insights. Selective combination takes place when someone suddenly puts together
elements of the problem situation in a way that previously was not obvious to the
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individual. Selective encoding occurs when a person suddenly sees… one or more
features that previously have not been obvious [12]. Selective comparison occurs
when a person suddenly discovers a nonobvious relationship between new and old
information. Koestler’s Act of Creation occupies the central illumination stage of those
4 or 5 stages pathway. His definition of bisociation, as a generalization of Aha!
Moment and Eureka experience, allows to deepen our knowledge of the illumination
stage into cognitive (and affective) aspects of the insight.

The second approach to creativity is via [13, 14] who were interested in the devel-
opment of creative characteristic human attributes centered on divergent thinking. It is
the creative product theory in distinction to the process-oriented Gestalt approach. In
mathematics education its central qualities have been established to be fluency and
flexibility of thinking assessed by speed and precision of thinking and the number of
different solutions to the same problem. The third quality is originality measured by
comparing individual solutions with those of the whole set of participants.

Originality of thought or action displayed through an Aha! Moment is the quality
that joins Koestler’s bisociation theory with Guilford’s approach. However, this spon-
taneous originality is presented within the tension of automatization of a habit. In
fact, Koestler sees in [2] the creative act of the insight as “an act of liberation—the
defeat of habit by originality”. He of course realizes that “habits are indispensable core
of stability and ordered behavior, [yet] they also have a tendency to become mecha-
nized and reduce man to state of conditions automata” (p. 96). This tension has a
direct bearing on the mathematics classroom. Till recently learning of mathematics
involved learning the procedures or codes and, actually, trying to make them auto-
matic exactly as Koestler describes, because it increases the fluency. The habits are
condensation of codes (procedures) learning. Recent curricular changes with the
emphasis on problem solving have as a goal precisely lessening the grip of habits to
create the conditions for creative solutions. If as Czarnocha in [15] suggests, creativity
should be the foundation of learning, in particular of learning in mathematics, then we
have a serious philosophical didactical problem to solve: What should be route of
integration of creativity with the necessity of knowing and mastering procedures?

An important issue that arises in the debate between conceptual or relational
instruction versus a procedural orientation is the nature of the concept that arises
during a moment of insight. In social-constructivist theory, this issue can be under-
stood within the context of Vygotsky’s statement that unlike procedural knowledge,
conceptual knowledge cannot be taught. Thus, it is the individual, guided by a men-
tor, who gives meaning to the cultural artifact being presented. In constructivist
theory the concept-process is first interiorized and then reflected upon. This reflection
upon the interiorized activity leads, through the emerging action scheme, to further
structural development, which can be assessed with the help of Piaget and Garcia
Triad. This structural development is called here the depth of knowledge (DoK)
gained in the moment of insight.

3. The development of theoretical framework underlying the assessment
of the depth of knowledge reached during the insight

3.1 The Triad of Piaget and Garcia

The Koestler-based definition of an Aha! Moment or Eureka experience insight of
bisociation as a spontaneous leap of insight that connects unconnected frames of
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reference, matrices of thought is very informative. This suggests that the creativity of
an Aha! Moment is in building new connections between different matrices of thought
or more precisely between different schemas of thinking (that is, between networks of
concepts and connections/relationships between them). Consequently, to understand
a so defined creative process, we need to use a theory of schema development. The
Triad of Piaget and Garcia developed in [7] turns out to be an excellent constructivist
model of schema development whose three stages, -intra, -inter and -trans, allow us to
characterize the cognitive levels of different Aha! Insights.

The -intra stage of the development of a concept in the mind of a learner consists
of isolated instances, concrete manifestations of the concept as actions, rules or oper-
ations, whose performance requires an external help. The process of making connec-
tions between isolated instances of the concept means entering the -inter stage of the
development. The transition between -intra and -inter case that is from isolated
instances to connected instances of the developing concept is one of the sources of
Aha! Moments because the transition between the two creates the necessary
bisociative context. The -inter stage is rich in possibilities of different connections,
from two concepts, single connection schema to multi-connections schemas, and each
new connection made can be the effect of the creative insight.

The second important transition in the development of a concept is from the -inter
stage connectivity to the -trans stage of generality or abstraction, finding the unifying
principle or unifying structure of the concept. This transition is also good source for
Aha! Moments. The thinking mechanism which propels the learner along these devel-
opmental pathways is called a reflective abstraction, that is, a learner’s reflection on its
own solution activity. Baker [16] has shown that a bisociative frame can be identified
within the reflective abstraction process composed of two parts: projection and con-
structive generalization indicating a close relationship between bisociation and reflec-
tive abstraction.

Our aim is to create assessment of the depth of knowledge reached during the
particular insight by the analysis of the nature of created schema of thinking. We take
for that purpose numbers of connections made, the conceptual distance between the
involved concepts and the quality of connections made. As the measure of that qual-
ity, we will take verbal or written description of discovered relationships.

3.2 Koestler/Prabhu theory of creativity

The presentation of the Koestler/Prabhu theory follows Redford, who in [17]
formulates requirements for a theory in mathematics education more precisely by
suggesting that “a theory can be seen as a way of producing understanding and ways
of action based on:

• A system of basic principles, which includes implicit views and explicit
statements which delineate the frontier of what will be the universe of discourse
and the adopted research perspective.

• A methodology, M, that includes collection of data interpretation as supported by P.

• A set Q of paradigmatic research questions.”

The phenomenon under investigation is moments of insight in the learning pro-
cess: those leading to progress in understanding, or concept development. As teacher
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researchers our contention is that such moments occur both during social discourse,
internalization, as well as during reflection on solution activity.

The basic principle underlying the Koestler/Prabhu theory of learning through
creativity of Aha! Moment is the conviction that creativity is the cornerstone of that
learning, which leads to progress in understanding. Aha! Moment as a spontaneous leap
of insight, which connects unconnected matrices of thought, termed by Koestler bisociation,
is the insight, which leads to progress in understanding through creation of the new
conceptual connection, the new entities that is new (for the learner) knowledge.

The second principle of the theory is the bisociative frame: that is, those originally
disconnected matrices of experience within which the Aha! Moment insight takes, or
may take, place. Such moments of insight help transcend the learner or solver to a
more universal plane within their community of peers and the mathematics class-
room, producing positive affect. Since, as we show below, bisociative frame can be
identified within different theories of learning, creativity can be seen as an irreducible
component of learning. The bisociative frame is the possible creativity detector; it is
the bisociative frame that is responsible for the coordination of creativity with differ-
ent theories of learning, both on the practical level of the classroom as well as on the
theoretical research level. The ease and the method with which a bisociative frame can
be identified within the “host” theory is described by Czarnocha and Baker in ([4],
Introduction). This process of identification has become the tool with the help of
which we can indicate the areas of heightened creativity within the cognitive structure
of the “host” theory; see examples in [18, 19]. The strength of this tool can be seen in
the process of identification of creativity within Vygotsky’s sociocultural theory
within the process of internalization [20].

Koestler/Prabhu’s theory of learning investigates the nature of creativity of Aha!
Moment insight in several dimensions paradigmatic research horizons:

• In its relation to student affect and its relationship with conation, that is, with the
possibility of satisfying deep human needs of the individual student;

• In its cognitive dimension with the hope of understanding the intrinsic structure
of creativity as progress in understanding; it studies the nature and the
development of the schema of thinking that is created during the Aha! Moment
insight.

• In its theory of learning dimension, it studies the changes in understanding of
mathematical concepts occasioned by Aha! Moments, the relationship between
interiorization and internalization and the role of creativity in abstraction.

• In its networking theories’ dimension, it investigates the processes of integration
with different theories of learning during which bisociation can express itself in
terms of the host theory.

The third principle of the theory is measurability of creativity, whose aim is to
establish the depth of knowledge (DoK) reached during Aha! Moment insight; how-
ever, that needs to be done in a way that does not disturb creativity itself, or as [21]
suggests, it is measured by internal variables. We use the theory of the Piaget and
Garcia Triad [7], which allows us to assess the dynamic development of the new
schema from the learner’s or a scientist’s description of the Aha! Moment insight
coordinated with the researcher’s view of the mathematical situation. Important
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disclaimer: Although we use a constructivist Piagetian concept here, we are not nec-
essarily ascribing to the full scope of constructivist approach, although Koestler’s point
of view in his Act of Creation is not positioned very far. What is important, however,
is that we can undertake an analysis of creativity within the sociocultural approach
with the help of the same concept of the theory, the bisociative frame, which has been
developed in the individual context. We see that Koestler/Prabhu theory has a consis-
tent, independent relationships with both the Piagetian and the Vygotskian
approaches. Investigation of that strange fact and its consequences is the research
theme for a next investigation.

While the central paradigmatic question of the theory is two-fold

• identification of acts of creation in students thinking.

• identification of enhanced possibility of acts of creation within different theories
of learning,

each of the horizons of the theory has its own paradigmatic questions, and the
results of recent inquiries into the horizon of learning are presented in Section 4.

The methodology of the theory can be viewed through several angles, including
the angle of teaching, of research and of assessment. Within teaching, we attempt to
create mathematical situations that contain gaps in student understanding. For
instance, we frame the questions, hints or assessment process using bisociative
frames, which we suspect will be unconnected in student minds. Or sometimes we
add a component that we suspect is needed for the student to gain an insight. In its
research aspect, the aim of our methodology is to identify bisociative frames and
hence to identify creative possibilities within the “host” theories of learning. Having
done that, we have the possibility of using the methodology of a host theory to express
the new forms of creativity within it. In its assessment aspect, we assess the change in
the development of the relevant schema with the help of PG Triad.

An excellent example of such a coordination between bisociation and modes of
reflective abstraction is presented by [18], who demonstrates the presence of a
bisociative frame in two critical stages of his framework called “reflection on activity–
effect relationship,” the Ref* AER. The framework Ref*AER is the elaboration of a
Piaget mechanism of reflective abstraction, within which Tzur [18] identifies two
different stages of development, participatory and anticipatory. In the participatory
stage, he finds six different categories of reflection, each equipped with a bisociative
frame, suggesting the presence of sufficient cognitive conditions for facilitation of six,
cognitively different Aha! Moments. That work immediately suggested to him a host
of new paradigmatic research question. It is instructive how identification of
bisociative frame within Ref*AER theory has broadened and deepened the theory
itself.

Similar investigations have also been undertaken in [19] where identifying
bisociation within different modes of attention allowed the introduction of dynamics
within its structure. This bisociative dynamic results in a shift of attention from
dyadic to triadic mode of attention, that is, from two components of the bisociative
frame to both components together with the new relationship provided by the Aha!
Moment.

This unusual capacity of a bisociative frame to be identified within different
theories of learning and therefore in corresponding teaching practices provides an
important opportunity to conceptually unify the constructivists and the sociocultural
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theories of learning. That pathway of inquiry has been initiated by Baker in [16] where
he identified bisociative frames within the constructive generalization of Piaget, and
in [20], he explored creativity within central sociocultural concepts of internalization
and appropriation. One major effort of the theory is clarification of the relationship
between the concept of interiorization arising in Piagetian theories and internalization
of the sociocultural theory to which we devote Section 4.

4. The assessment of the depth of knowledge reached during the Aha!
Moment insight

The definition of bisociation, whose cognitive content is to construct a connection
between two unconnected frames of reference or matrices of thought, suggests the
theory of the schema understood as the network of concepts to be the tool with the
help of which we can trace the developmental aspect of the insight. DoK in this case
will be the progress in understanding the relevant concept or the difference between
student understanding of the mathematical situation before and after the insight. The
Aha! Moments analyzed below are taken from the Collection of Aha! Moments in [4].
We established there three levels of DoK, namely mild, normal and strong.

4.1 Calculus AHA! Moment: mild

During my Calculus 1, the teacher gave us an example to solve: lim
X�!0

ffiffiffiffiffiffiffiffi
1þX

p
X �

ffiffiffiffiffiffiffi
1�X

p
X =

1.I verify if the limit is defined when X approaching to 0. It is not.

2. I asked myself “how can I do and find a way for this limit can be defined?”

I remember in my previews class math 150 when the teacher gave us a
rational fraction to solve, he said that we must eliminate the radical in the
denominator by multiplicated by the conjugate. But for this equation we do
not have radical in the denominator but in the numerator.

I’m a little bit struggling. What can I do?

3.I was looking at the limit and said to myself why not apply the same rule for the
fraction when we have the radical in the denominator.

lim
X�!0

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ X

p

X
�

ffiffiffiffiffiffiffiffiffiffiffiffi
1� X

p

X
¼ lim

x!0

ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p � ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� � ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p þ ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� �

x
ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p þ ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� �
 !

(1)

¼ lim
x!0

ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p� �2 � ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� �2
x

ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p þ ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� �
 !

(2)

¼ lim
x!0

1þ x� 1þ x
x

ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p þ ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� �
 !

(3)

¼ lim
x!0

1þ x� 1þ x
x

ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p þ ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� �
 !

(4)
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¼ lim
x!0

2x
x

ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p þ ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� �
 !

(5)

¼ lim
x!0

2ffiffiffiffiffiffiffiffiffiffiffi
1þ x

p þ ffiffiffiffiffiffiffiffiffiffiffi
1� x

p� �
 !

(6)

¼ 1

4.Now the limit is defined. I can solve it and finish.

Analysis

The student reports the experience of an Aha! Moment in the Calculus class while
solving a limit problem. The content of the student insight is the discovery of the
analogy (hidden analogy) between the algebraic expression involved in the limit
problem with the algebraic expression she learned in the previous algebra class topic
on rationalization of algebraic fractions. The similarity suggests to her the method of
conjugates used in the rationalization case as the method of solution for the limit
problem.

Thus, this single-connection schema element is constructed from two very close
yet separate (in the student’s mind) representations of the pre-conjugated algebraic
expression: one positioned in the denominator of the fraction, and the other in the
numerator of the fraction. By applying conjugates method the student learned in the
past for the rationalization purposes to the calculation of the limit she has understood
(and verbalized) that the application of the method does not depend on the position of
the pre-conjugated algebraic expression within a fraction.

We assess the DoK of this insight as Mild for two reasons: (1) the increase of
understanding was of just one new connection and (2) the two unconnected
initially frames of reference were conceptually very close to each other. This
classification is based on the local nature of the search process leading to the moment
of insight. This moment of insight takes place in second level of P&G Triad, as the
moment of bisociation connects two existing matrices one introduced in calculus the
other earlier in algebra. Finally, the concept formed was a new understanding of the
limit process.

This moment of insight occurred as the student reflected on one scheme she was
learning in calculus class M1 with another she had learned previously in college
algebra course M2. Thus, it was mostly constructivist in nature, or a moment of
untutored bisociation as Koestler would phrase it. However, it contains distinct rela-
tionships to insights within the internalization process, as the student begins with
replicating a matrix M1 modeled in class: internalization.

4.2 Fir tree AHA! Moment: normal

Consider the following function that generates the geometric pattern of a reverse
growing fir tree (Table 1):

Instruction: Draw and describe the Stage 5 of the patterns in terms of its shape and
the number of unit squares.

ANSWERS of the student
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1.Stage 5’s shape is bigger than the previous ones; it grows horizontally and follows
the patterns of stage 4. It has 30 unit squares, meaning it increased by 10.

2.Describe how the patterns are growing.

The pattern is growing by increasing 1 unit square to the left, 1 unit square to the
left, one additional unit in the center and 1 unit down compared to stage 4.

3.How many unit squares are needed to build Stage 10 of the fir tree?

Answer #3. It needs 110 unit squares. I developed this answer from [the
discussion] next page

4.Given any stage n determine the close form of equation to determine the number
of unit squares needed to build the tree.

The formula is: n(n + 1).

Any stage number multiply by its following number equals the number of unit
square, for instance: stage number: 3 multiplied by its following number meaning 4
equals 12 (unit squares.)

5.Your mate tells you that exactly 274 unit squares make up a fir tree. He is wrong.
Explain to him why he is wrong.

Answer #5.
It is really wrong because:

Stage 1
2 unit squares

Stage 2

6 unit squares

Stage 3

12 unit squares

Stage 4

Table 1.
Stages of the fir tree assignment.
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Stage 16 = 16(16 + 1) = 272.
Stage 17 = 17(17 + 1) = 306.
The fir tree would never have 274 unit squares.

I had a tremendous Aha! Moment. I just realized that the formula I got from the
patterns was a factorized expression and if I multiply it “n(n+1)= units square” I
would have something like an algebraic expression exactly a trinomial expression that
can be factorized as well, and it equals real numbers for example: n(n+1)= 12 n^2+n=
12 n^2+n-12=0 n^2+n-20=0 n^2+n-56=0 n^2+n-90 (n+4)(n-3)=0 (n+5)(n-4)=0
(n+8)(n-7)=0 (n+10)(n-9) And when it comes to n^2+n-274 it cannot be factorized.

Analysis

The Aha! Moment took place after the student solved the assigned problem. From
that solution, we know about the student’s cognitive capabilities: She obtained the
general formula using the variable n by generalization from the table of results for
each term. She solved the question 5 by trial and error and demonstrated from the
logic of these calculations that proposed result is incorrect. These are the components
of the knowledge schema before the insight. The insight provided new conceptual
solution to the same problem (Table 2).

It connected the factorized quadratic algebraic expression, a binomial with the
corresponding quadratic trinomial by incorporating data of the problem. The second
constructed connection is between quadratic trinomial and solutions of quadratic
equation via its factorization. It is interesting that both connections are made through
the process of factorization, and the concepts they connect are close to each other
conceptually. However, the concept of quadratic equation is significantly further
apart conceptually from factorization of trinomials, so much that the student does not
recognize it within the mathematical situation. Yet the fact that student recognizes
that constant terms in the binomials obtained through factorization are the solutions
of unrecognized quadratic equation and have bearing upon the solution of the whole
given problem indicates a larger conceptual distance within the second connection of
the constructed schema. What also adds to the depth of the new schema is that from

Stage 1 1(1 + 1) = 2

Stage 2 2(2 + 1) = 6

Stage 3 3(3 + 1) = 12

Stage 4 4(4 + 1) = 20

Stage 5 5(5 + 1) = 30

Stage 6 6(6 + 1) = 42

Stage 7 7(7 + 1) = 56

Stage 8 8(8 + 1) = 72

Stage 9 9(9 + 1) = 90

Stage 10 10(10 + 1) = 110

Table 2.
Numerical relationships discovered at each stage of the fir tree Aha! Moment.
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the language used it is clear the student (despite some holes in the overall schema of
the situation) has a control over the “gestalt” of the schema—the student owns it—
that is that it has been interiorized as well as internalized, with evidence for both
contained in the student’s description. The evidence of internalization is in the ability
to explain the logical connections verbally, and interiorization is evidenced by the
ability to provide the second solution, hence independent action upon the problem.
We assess this progress of understanding at the second level of schema construction
and name it as normal.

4.3 The domain AHA! Moment: strong

The problem starts with the function f(x)=
ffiffiffiffiffiffiffiffiffiffiffiffi
X þ 3

p
. The teacher asked the students

during the review: “Can all real values of x be used for the domain of the function f(x)
=

ffiffiffiffiffiffiffiffiffiffiffiffi
X þ 3

p
?”

1.Student (S): No, negative x’s cannot be used.

2.Teacher (T): How about x = �5?

3.S: No good.

4.T: How about x = �4?

5.S: No good either.

6.T: How about x = �3?

Student, after a minute of thought:

7.S: It works here.

8.T: How about x = �2?

9.S: It works here too.

A moment later the student adds:

10.S: Those x’s which are smaller than �3 cannot be used here.

11.T: How about g(x) = f(x)=
ffiffiffiffiffiffiffiffiffiffiffiffi
X þ 1

p
?

Student, after a minute of thought:

12.S: “Smaller than 1 cannot be used.”

13.T: In that case, how about h(x) = f(x)=
ffiffiffiffiffiffiffiffiffiffiffiffi
X � a

p
?

14.S: Smaller than a cannot be used.

48

Creativity and Innovation for a Better World



Analysis

This Aha! Moment clarifies student misconception concerning the domain of theffiffiffiffiffiffiffiffiffiffiffiffi
X þ 3

p
. The original and habitual student answer in line 1 represents student

misconception. The intent of the teacher’s question was to direct the student’s atten-
tion to the contradiction of her answer with the situation at hand, what led the student
into cognitive conflict. The Aha! Moment takes place as a resolution of that conflict.
The student’s short reflection on the previous verbal interaction results in the correct
reorganization of her approach.

Note that student’s insight engages in her the domain of the function f(x)=
ffiffiffiffiffiffiffiffiffiffiffiffi
X þ 3

p
and order on the real number line. The bisociative frame of this bisociation were the
axes of the cognitive conflict: the habit of well-established misconception and the data
brought to the student’s attention by focusing her attention on the relevant details.
The conceptual distance between these components is not very large – just the change
of the parameter but to traverse it the student had to engage her schema of addition
for integers, which makes student thinking a bit more complex and places this insight
on the second level.

Her language is straightforward, does not convey any doubts and places under-
standing on Normal level of DoK. However, follow-up questions of the instructor
reveal deeper levels of understanding. For instance, the student can easily transfer her
understanding to a different related example (line 11). More important, she can
abstract and generalize the answer for arbitrary parameter a (line 14). This is the
second-order reflection on the “family type” expressions, which leads to abstraction
with generalization of the -trans stage. That indicates significantly larger conceptual
distance between the components of the bisociative frame and places the Domain
Aha! Moment on the third Strong level.

5. Koestler theory of creativity, Aha! Moment and learning

For Koestler creativity and indeed learning what is subjectively new for an indi-
vidual, which he refers to as progress in understanding, takes place through the
synthesis of two distinct and previously incompatible frames of reference. He refers to
these as matrices, each of which has its own rules of the game or codes that govern
appropriate activity.

What is a matrix of thought, or a frame of reference?

The matrix is the pattern before you, representing the ensemble of permissible moves.
The code which governs the matrix can be put into simple mathematical equations…
or it can be expressed in words. The code is the fixed invariable factor in a skill or
habit, the matrix is the variable part. The two words do not refer to different entities,
they refer to different aspects of the same activity. (Koestler ([2], p. 40)).

Referring to individual moments of insight within the learning process, Koestler
notes that “Minor, subjective bisociative processes do occur on all levels and are the main
vehicle for untutored learning”(p. 658). This raises another important question
addressed in [16] and in [20], how does one describe interiorization in Koestler
bisociative frame? The more general question of how Piaget’s notion of reflective
abstraction fits into Koestler’s bisociative frame is discussed in [22]. Since
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constructivist research methodology can be described as minimally guided, it certainly
classifies as untutored and therefore should be bisociative in nature. Can the same be
said of internalization?

Our analysis of the genesis or birth of a code during a moment of insight, whether
during interiorization, internalization or bisociation, is conducted through the lens of
three defining characteristics of such moments. (We will use here Koestler’s term
“blocked situation” as one in which routine matrices fail to accomplish the desired
goal: to solve the problem). The first is the search process in a blocked situation. The
second is the connection realized during the moment of insight between the blocked
situation and a matrix that provides conceptual reasoning that allows for resolution of
the blocked features. The third is the novel concept and process based on the concept
that acts on the formerly blocked features to obtain the goal.

5.1 Discovery of a hidden analogy, interiorization and internalization

Koestler describes a blocked situation as one in which routine matrices fail to
accomplish the desired goal. Constructivists use the term non-assimilatory situation.
Koestler describes the process of trying to resolve a blocked situation by searching for
a connection to an analogous matrix as the discovery of a hidden analogy, as a search
for something that is unknown:

[T]he subject looks for a clue, the nature of which he does not know, except that it
should be a ‘clue’ … a link to a type of problem familiar to him… [H]e must try out one
frame after another… until he finds the frame into which it fits,… an analogy with
past experience and allows him to come to grips with it. (pp. 653-654).

This search process in such a blocked situation to find a connection to an appro-
priate matrix-scheme in our repertoire can itself be considered a matrix-schema Mo.
The search process follows in its general outlines the steps of [8, 9]. We may consider
the code to contain some or all of the following guiding principles. First, identify
relevant features of a problem situation that are blocked. Second, review our toolbox
or collection of matrices that are even remotely associated with these features. Finally,
select and proceed-verify the one most appropriate. If this fails, Koestler notes that
mathematicians recommend to sit tight and wait for inspiration.

We note that contemporary instructional methodology of teachers
encourages students to seek external assistance during the process of these transitions.
As a result, the search process from constructivist pedagogy turns to internalization.
This search process is highly subjective. Individuals vary in their ability to discrimi-
nate or identify what objects are relevant and abstract the conceptual relationship
between these objects and appropriate activity. There is also a wide variety of moti-
vation. Patience on the part of individuals during this search and finally even the
motivation to seek assistance varies. All these factors impact the success or failure of
this process.

5.2 Interiorization

Interiorization occurs during a child’s transition from empirical-spontaneous to
abstract reasoning, and thus, M1 is an intuitive matrix and hence limited to situations
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where input present low cognitive demand. When a situation involves objects with
more structure or cognitive load, the subject becomes perturbed, their attention has
two foci—it is so-called dyadic attention. One is their Mo search to understand the
structural objects that cannot be assimilated, and the other is that part of the M1

matrix that acted upon the analogous spontaneous concepts. In a moment of
bisociative insight between the search matrix and their intuitive matrix when the shift
of attention shifts from dyadic to triadic attention of seeing the whole [19], the subject
abstracts the spontaneous concepts.

This allows the formerly intuitive reasoning to become conceptual-based reason-
ing, and a pseudocode is born, through the bisociation of Mo and M1. This particular
description of interiorization in creativity theory is known as selective encoding. In
this, the subject’s attention is on a relevant matrix-scheme or tool that they previously
could use only in a limited context and their insight allows them to use it more fully.
Thus, interiorization as described consists of bisociation through selecting an object(s)
that cannot be assimilated, search to connect them with the spontaneous concepts of a
person’s intuitive scheme, and the result is scientific concepts simultaneous with a
process or conscious scheme.

5.3 Internalization and interiorization: the search matrix Mo

The distinction between interiorization and internalization as it relates to moments
of insight in the learning process begins with the nature of the search matrix Mo. In
Koestler’s description of searching for a hidden analogy, the search matrix Mo is
focused on the subject’s collection of even remotely related schemes in the hope of
finding an unknown connection. The second tenet of constructivism is that all pre-
requisite knowledge should be present in a learning situation.

Thus, the search process is typically on solution activity determined by an existing
scheme (M1) that is deemed appropriate and yet remains insufficient to resolve the
non-assimilatory situation. As such, interiorization involves selective comparisons
between the non-assimilatory objects in Mo and an intuitive M1 leading to an abstrac-
tion of the underlying conceptual-invariant relationship. Reflective abstraction is the
name given by Piaget to the mechanism of accommodation that includes interioriza-
tion. It has two steps. In the first step, an appropriate M1 is projected into the search
matrix Mo for a non-assimilatory situation. The second constructive generalization
step involves perturbation between and reflection upon these two matrices. The
creativity of Aha! Moment arises during the search within unconscious or semi-
conscious Incubation Gestalt stage through the shift of attention from the separate
matrices to the whole revealing the new structure.

Social constructivists use the term reflective thinking, instead of reflective abstrac-
tion, to include any form of conscious reflection on collective discourse, for example,
shared activities, including observation of, or communication with, an exterior source
of knowledge. Thus, the search process Mo in internalization includes co-creation of
knowledge in all its forms, making it ideal for analysis of classroom discourse. Social
constructivists use the term socially mediated activity to describe solution activity that
involves assistance through any form of cultural artifacts, or guided communication, for
example, written text, pre-recorded videos, other internet search sources, peer-mentor,
or teacher etc. As students attempt to internalize material presented in the classroom,
their primary motive is to understand or assimilate externally directed activity. Thus,
they may have a motive but not realize the problem goal.
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5.4 Moments of insight: connection

The moment of insight has a transcendent nature as a student is led to this con-
nection by intuition not reason. As a result, in Koestler’s view, pedagogy should be
(re)structured to support such moments of insight into the guided discovery as math
and science cannot be appreciated outside such experiences.

In the constructivist frame, during interiorization the moment of insight occurs as
the individual struggles to employ an intuitive situation-dependent scheme M1 in a
non-assimilatory situation, that is due to the presence of Mo objects beyond the
capacity of spontaneous thought. The perturbation between Mo and M1 is resolved in
a moment of insight or, shift of attention which abstracts the formally intuitive
reasoning. This experience transcends the reasoning from the situation as it becomes
an abstracted activity–effect relationships. This moment of insight or abstraction
allows the individual to have conscious control over the process and thus to act
independently. Thus, for constructivists, Mo contains an existing M1 scheme, Situa-
tion/Activity/Effect (S-A-E) triad, which in a moment of insight is transformed into
an abstracted Activity/Effect (A-E) dyad. That is one not dependent upon the situa-
tion. The pedagogy is guided discovery to promote reflection and abstraction upon
such an M1. In Koestler’s search for a hidden analogy, the focus is on the formation of a
S-A-E triad. During internalization, as in Koestler’s frame, there is typically no
existing S-A-E link within the search matrix Mo.

However, the pedagogy of internalization is not centered on guided discovery but
instead on the mentoring of students as they accommodate new situations at the upper
limit of their zone of proximal development. That is the upper limit of what they can
realize with assistance. So, where is their own individual creativity? It must be beyond
the assistance: beyond the upper limit of their individual ZPD. Where is the
bisociative frame?

5.5 Creativity as deviation during the process of appropriation

Here, we can use an important suggestion provided by [23] who informs that
internalization encounters difficulties in the proper description of the concept forma-
tion, also from the sociocultural points view. To address these problems, we need to
introduce the concept of appropriation. The term appropriation is often used to
analyze learning within social discourse; it has its origins in the work of the Russian
psychologist M.M. Bahktin to understand how children learn language.

The word in language is half someone else’s. It becomes “one’s own” only when the
speaker populates it with his own intention, his own accent, when he appropriates the
work, adapting it to his own semantic and expressive intention. [24]

When analyzed in sociocultural terms as the interaction between learners in the
learning community, appropriation facilitates the development of concepts of indi-
vidual learners. Let me continue here with the words of [23]:

“Where is creativity related to the appropriation process? This is its own deviation.
Table 2 lists some of the possibilities of a wide variety of deviations. This includes the
gap between the concepts of the learners interacting with each other and between the
concepts of the learning community as seen by each learner. The cause of these devia-
tions lies in the learners’ historical and cultural constraints. By interacting according to
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these deviations, each learner may misunderstand what he/she is talking about.
Simultaneously, the learner may create a new concept not included in the speaker’s
concept. In other words, the deviation of appropriation can be the source of creativity
that leads to new ideas that the speaker did not intend.”

In other words, creativity in sociocultural theory originates in the differences
between the learner’s and the community’s matrices of thought owing to different his-
torical and cultural constraints. Hence, we have recovered the bisociative frame between
the two matrices of thought at exactly the unique site of creativity within sociocultural
theory. If one of two matrices is that of the community and another of the learner, it
might be natural to call creativity a deviation from the community’s point of view. It is
interesting to trace out how that particular process of appropriation of the concept
interacts with the relevant inner spontaneous concepts of the learner. We leave that
subject as an open research question: how do appropriation and interiorization interact?

6. Conclusions

This work presented a new Koestler/Prabhu theory of creativity within learning
and provided some investigations suggested by the theory. One of them was to
investigate whether the bisociation frame as the central component of the theory of
the creativity of Aha! Moment can be identified within the constructivist and the
sociocultural approaches to learning. Our discussion in the first section where
Koestler’s theory is discussed indicates that the term and the concept of bisociation
derive from the observation and analysis of individual insights. On the other hand,
sociocultural approach places the emphasis on learning within collaborative teams
rather than on the individual activity. Consequently, to find the space within that
theory where social creativity can be understood with the help of bisociation as the
theory of the individual insight is very important especially from the point of view of
classroom teachers of mathematics, where both individual as well as collaborative
learning are taking place.

Section 1 examined bisociation theory, interweaving it with the constructivist
framework and followed by the preliminary discussion of the nature of creativity of
Aha! Moment/Eureka experience. In Section 2, we presented Koestler/Prabhu’s theory
of creativity in mathematics following [17] who formulated the requirements for a
theory in mathematics education. Koestler/Prabhu’s theory stands on three principles:
(1) the definition of an Aha! Moment as the object of our investigations, (2) the
bisociative frame and (3) the measurability of creativity as the assessment of DoK
reached during the insight.

At present, the theory has established four horizons of its investigations:

• A relationship of the insight with the affect and conation.

• The cognitive dimension, which studies the nature and the development of the
schema of thinking created during the insight. We see this dimension of research
in Section 3 where the cognitive mechanism of thinking called PG Triad is used
for the analysis of DoK.

• In its learning horizon, we study changes in understanding of concepts
occasioned by Aha! Moments. In particular, Section 4 explains the central
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investigation of the relationship between interiorization and internalization in
the context of bisociative creativity. As interiorization is a constructivist concept
while internalization is a Vygotskian, sociocultural concept, this section has a
bearing upon the goal of unifying individual and sociocultural approaches to
creativity in mathematics education. In the section, we show the method of our
approach and note its limitation due to it being too rigidly bound with the
concept of ZPD as a framework for mentor–mentee social interaction. We
discovered that the much more useful concept to investigate bisociative creativity
within that approach is the concept of appropriation, and in particular that of
deviation during the process of appropriation. As we indicated there within
deviation of the concept of the individual learner from that of the community,
the bisociative frame can be identified as two matrices of thought, which are
different due to their historical and cultural constraints.

• In the networking theories dimension, we investigate processes of integration of
Koestler/Prabhu theory with theories of learning what enables bisociativity
express itself in terms of host theories. We have touched upon interaction of
bisociativity with the theory of reflective abstraction of Piaget, theory of
attention of John Mason and participation/anticipation approach of Tzur.
Intimate connections of bisociative creativity with learning theories enables us to
introduce creativity into different pedagogies of learning.

• Section 3 presented the method of DoK assessment on three different types of
Aha! Insights, taken from the Collection in [4]. Section 4 explored our
investigations leading to the identification of the bisociative frame exactly where
it should be according to sociocultural approach, in the deviation within the
process of appropriation.
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Chapter 4

Creativity Impediments  
and Solutions
Josam Nandwa Musambayi

Abstract

The chapter covers ‘Creativity Impediments and Solutions’ in organizations 
in Kenya. This chapter addresses what impedes creativity in organizations and 
yet creativity informs the entrepreneurial mind. Creativity enables one to move 
ideas from theory to reality. This chapter covers the introduction part explaining 
innovation, entrepreneurship and creativity. These are considered to be at the very 
core of entrepreneurship. The second part covers the barriers to creativity and the 
approaches the researcher employed in gathering data. It goes further by highlight-
ing the measures of enhancing creativity before making conclusions. This part goes 
into the depth of the matter as an integral part of this book chapter. In the end, the 
chapter looks at the suggestions that have been identified as solutions of address-
ing this creativity gap and impediments. This is the very section that also captures 
the author’s imagination of the subject matter. It is hoped that this chapter will 
go a long way in enabling policymakers, scholars and entrepreneurs to effectively 
utilize creativity to support innovation and entrepreneurship development. This is 
an outcome of what the researcher has gathered from engagement with university 
scholars, industry players, experts in the field and other stakeholders over a span 
of time.

Keywords: creativity, impediments, work environment, solutions, organization

1. Introduction

Entrepreneurship considered to be one of the engines that drives economies and 
societal activities is a process that also needs other inputs. This means it requires 
others ingredients other than the human mind to thrive. One such input is creativity 
which, other than being an idea, it is a process too. It is important to briefly highlight 
the three closely linked concepts before the actual topic is tackled. As Bao [1] opines, 
one of the most fascinating descriptions of creativity is that ability being able to 
come about with not only new, but also innovative ideas which can be a valuable asset 
in many fields. In this case, the various fields can include business, education and 
research, as well as in the matters industrialization and in other societal spheres. The 
scholars further describe the individuals in this discipline as being extraordinarily 
creative. As it were, this can easily lead to innovation. The same creative people are 
termed as persons who go around asking, ‘Why not?’ What this means is that indi-
viduals of these stature are able to see not only new combinations, or new potentials, 
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but also new opportunities and challenges particularly where others see difficulties or 
limitations [2].

Innovation for instance, simply put, is the value addition to what scholars, research-
ers or firms could be doing. It can be about innovation of a product or service, a business 
or a technology-a system or method of production. In essence, innovation is improve-
ment which revolves around ‘doing something’. This is a very important concept in 
the field of entrepreneurship development across the globe. It is even argued that that 
entrepreneurship cannot be considered complete without innovation. This cannot be 
put any better than what Schumpeter theorized as the newness of products or services, 
identification of new markets or customers, seeking new sources of raw materials or sup-
plies to the firm, adopting new and efficient methods or systems of production as well as 
embracing the new forms of businesses today [1]. Innovation has become necessary in 
society today to the extent that every basic aspect of human life is controlled by various 
aspects of innovation. But the bottom line is in the doing which relates to performance 
of improvement of undertaking things [3]. The matters innovation in the present age is 
considered to be very essential particularly when it comes to manufacturing. One of the 
reasons is that the end users of products are keen on the quality of the product they buy. 
The quality of the product is influenced to a large extent by the process it undergoes in 
transformation of the raw material to the finished product. This is how innovative manu-
facturing comes into play. In the emerging global economies, innovation is also taking 
centre stage as value addition activity which ensures there is improvement to businesses, 
technology or systems of production as well as on product or services. The process 
further improves quality and competitiveness in the market place.

Concerning entrepreneurship, scholars consider it to be a process of engaging into 
certain activities within a setup with specific intentions arising from the entrepreneur’s 
mind or concept. This process incorporates the person into a process that results in 
an entity referred to as an enterprise. The three important elements of entrepreneur-
ship are the person (entrepreneur), the process (entrepreneurship) and the product 
(enterprise). Entrepreneurship is informed by an existing need in the society known 
as opportunity. The opportunity must be responded to by the entrepreneurs coming 
up with appropriate ideas as solution to the identified need or problem in a societal 
setup. Globally, entrepreneurship is considered to be the engine behind various 
economic activities. In essence, entrepreneurship is running many economies and is 
helping those in government to solve their problems of job opportunity creation; they 
are also acting as the sources from which governments raise their incomes in form 
of taxes to fund other activities in the countries. In brief, entrepreneurship through 
the entrepreneurs contributes in bringing about social, technological and economic 
changes in nations. Therefore, it goes without saying that those in authorities are 
doing everything within their power to support the establishment and development of 
entrepreneurship [4]. But in order to support this venture, a lot has to go into think-
ing and thinking creatively. One of the reasons for this is that viable ideas are likely to 
emerge from creative thinking and such ideas are the same ones that end up catalyzing 
entrepreneurial activities. As earlier opined by some scholars, entrepreneurship must 
be conducted by having change of mindset. This is what was alluded to as ‘disturbing 
the status quo’. This process requires that an entrepreneur does not only become pas-
sionate about business, or good at moderate risk taking, but must also be creative in all 
the ways, particularly in creative thinking and in the way of conducting the activities.

Creativity on its part is one of the most important aspects of entrepreneurship. 
What this means is that new ideas must be well thought out as essentials to the process 
of entrepreneurship. Creativity is in the ‘thinking’ and thinking new ideas which 
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can later be turned into innovation for the firm and entrepreneurship development. 
Creative thinking requires people, an environment and support from not only the 
entrepreneur, but also the authorities and policymakers [5]. It has been revealed there 
are certain efforts that go into creative thinking, some of which conscious and others 
unconscious. It therefore means that deliberate measures need to be taken towards 
this end [4]. What is also becoming apparent is that creativity is absolutely necessary 
for firms’ survival in the world of entrepreneurship.

Firms need to involve their teams in creativity processes by assuring the members 
that success of every individual person contributes to that of the entire organization. 
It should be pointed out that failure in any of the steps is to be taken positively and 
should be considered as a point to learn.

1.1 Creativity: a necessity for survival

Firms, corporate entities as well as societies need creativity, not only for performance, 
but for survival and sustainability. Creativity informs entrepreneurial mindset and 
professional performance. If one wants to truly establish a great business, then they must 
apply creativity to such businesses. The entrepreneurs get paid to solve problems, and 
hence, they must be very creative. This is also true because creativity enables firms and 
societies to develop through certain modifications by taking into account the things  
and ideas that evolve over time. This notion is critical for flexibility of appreciating 
change, an essential aspect for societies and firms that need to adjust quickly to survive 
and flourish into unforeseeable future. Sankaran [6] posits that creativity in organiza-
tions is absolutely essential. The implication is that such firms cannot survive without 
embracing creativity. One of the responsibilities of the top management is essentially to 
ensure that creativity is not only embraced in the organization, but also practised for the 
survival of the firm.

1.2 Creative thinking

Creative thinking, which is the ability to come up with unique and original solu-
tions, is required and is very essential to establishment of firms and entrepreneurial 
culture in any country. It is equally necessary in organizations. Sometimes it is referred 
to as creative problem-solving; hence, creative thinking is a valuable and market-
able soft skill in a wide variety of businesses [7]. Creative thinking being a process of 
considering situations, from innovative perspectives to developing an open-minded 
mindset, is a powerful concept in the discipline of entrepreneurship development. By 
expending creative thinking process, one is able to generate new ideas, by interpreting 
circumstances, identifying themes and designing alternatives to existing approaches 
of operating and performance. It is the capability of considering something in a new or 
improved way [7]. Creative thinking can also involve a close examination of progres-
siveness, problem-solving, organization, as well as communication. Various employers 
consider creative thinkers highly, and therefore, the workers should consider high-
lighting their creative thinking skills when called upon time and again. The process of 
creative thinking acts like a seed-bed to innovation and entrepreneurship [8].

1.3 Work environment

Creativity and innovation as concepts, just like products or services, need certain 
environment in which they can thrive. Since these are thoughts which result in emergence 
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of creative ideas, they are formed in the minds of individuals. Situations to make this 
flourish must be encouraged, team spirit should also be fostered, and employees as 
members of the organization have to be involved. This involvement starts with awareness 
creation, identification of talents and individuals as well as incentives provisions as a way 
of ensuring creativity and innovation emerge and grow. The best place for this to happen 
seems to be the workplace as the right environment [9].

1.4 Solutions

One of the intents of entrepreneurship is to solicit for resources and individuals to 
come up with solutions for societal problems. In view of the ever-increasing demand 
by consumers of services, experiences and products in the society, formulating solu-
tions is equally necessary. This will suffice for customers, organizations as well as the 
governments of the day. But the aspects of creativity and innovation play a major role 
to the coming up with solutions [10].

1.5 Organizations

It is emerging that various organizations are beginning to embrace creativity, inno-
vation and entrepreneurship as strategic measures for sustainability. Those that lead 
the pack are business organizations and the research institutions. But closely following 
are the institutions of higher learning and to some extent the government institutions. 
It is thought that if more stakeholders are involved in this venture, then it is possible 
that the outcome of research and effects and impact of creativity and innovation in 
particular will be felt large and wide. This should trickle down to individual entrepre-
neurs and groups of corporate organizations. When such a scenario is witnessed, then 
it is possible that seeds of industrialization can start to germinate [11].

2. Barriers to creativity

Barriers to creativity is also be referred to as the creativity gap, and it is becom-
ing an area of concern to the establishment of firms, performance of the same and 
ultimately the development of entrepreneurship in countries. Some of the impedi-
ments to creativity as the study extracted range from attitudinal to training and even 
aggravated by the insufficiency of budgetary allocation. The creativity gap is also 
causing a number of scholars to initiate research studies in order to interrogate the 
said gap. The barriers seem to be at specific levels of the organizations. But before 
engaging in the actual investigation of the creativity gap, the research approaches 
were briefly highlighted for the understanding of the study in question [10].

2.1 Approaches

The data collection and analysis of the same in this study has taken several months 
starting sometime in February 2020 to date. This was the time when the first case of 
COVID-19 had just been reported in Kenya.

2.1.1 University class engagement and discussions

The researcher, who is an instructor at the university, engaged other scholars at 
universities on this subject. The scholars were sampled from two public universities, 
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one private university and a TVET. Some of the respondents were not available for 
face-to-face interview and had to be contacted using other channels. Their responses 
were captured and analysed to give an insight in the subject under study.

Sampling was systematically done for purposive reasons on desired outcomes as 
indicted in Table 1.

2.2 Analysis of information from stakeholder organizations

Analysis of information from stakeholder organizations such as WIPO-PRV 
Training, KIPI, KECOBO, KeNIA, NACOSTI.

These organizations are the major stakeholders in matters of innovation, creativity 
and intellectual property management. The information concerning creativity was 
obtained from their publications and Websites. The information related to training, 
regulation and registration, funding among others. The sought data obtained was 
analysed, and important conclusions were drawn from the same.

2.2.1 A meeting and interviews with industry players

A meeting and interviews with industry players who included representatives from 
commercial banks, The Kenya Seed Company Ltd., Knowledge Transfer Network 
(KTN), Eldo Bub, and County Government of Nandi. These organizations were rep-
resented by high-ranking officials who gave their views on creativity and the possible 
industry and university collaborations on the subject at hand.

The officials were purposively invited on the account that they represented their 
organizations on this important topic. This is shown in Table 2.

2.2.2 Input from experts

Expert opinion was sought from among others, Technology Transfer Manager 
[Moi University], intellectual property [IP] official from the University of Eldoret 

University Category Tutor Staff Year 2 Year 3 Year 4 Total.

Moi Public 2 3 5 7 10 27

U.o.E Public 2 3 5 7 10 27

Mku Private 2 3 5 7 10 27

TVET Public 2 3 5 7 10 27

Table 1. 
Respondents who completed the questionnaires on creativity.

Company Category Staff Cadre

Absa Bank 2 Mgrs.

Kenya Seed Public 1 Mgr.

KTN Private 1 Rep

EldoHub
Nandi County

Public 
Government

1
1

C.E.O
D-Gov

Table 2. 
Respondents who were interviewed during the meeting.
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[U.o.E.] and Eldo-Hub Head. These three individuals who are experts in the area of 
innovation, research and intellectual property were extensively interviewed on the 
subject of creativity. They also made suggestions on the way forward of fostering 
creativity. From those interview schedules and proceedings, very essential informa-
tion was obtained, and critical insights and conclusions were made in connection with 
creativity. This became the basis for making findings of this study for the purposes of 
disseminating the results.

2.2.3 Output from innovation workshops: Public lectures

As a way of creating awareness on innovation, the university arranged innova-
tion week in the year 2021 and 2022.Other than the exhibitions that were displayed, 
there were engagements among the innovators and participants, and the culmination 
of this was public lectures that were given by scholars such as Dr. Jesper Vasell, the 
Deputy Director of NACOSTI in Kenya, the C.E.O of KeNIA among others. In this 
endeavor, the then Director of Innovation & Research at the University of Eldoret, 
Prof. Vincent Sudoi was very instrumental. The proceedings from these sessions of 
the Innovation week illuminated so much on the subject of creativity and greatly 
assisted in extracting some of the issues that had been identified as challenges.

2.3 Impediments to creativity

One of the ways of eliminating barriers to creativity is removing things that clutter 
the mindset. Impediments, barriers and gap are terms that were interchangeably used. 
In this case, mindset issues that contributed to barriers or impediments included the 
thinking state, which is the concern for certainty, and formed opinions about a certain 
aspect of concept. This limits creative thinking. Another issue is security hunting—it 
is the concern for risk. It makes one become risk averse. We also have stereotyping 
which is a case that keeps abstracting reality. The probability thinking, on the other 
hand, seeks predictable results, which ultimately impedes creativity.

2.3.1 Fear

Fear is one of the biggest reasons that make organizations as well as individuals 
not to achieve their full potential in creativity. They have the fear of failure in their 
endeavors. The fact that there is no assurance that the new idea will work makes the 
creative people and firms to develop fear. Fear consequently slows the creative think-
ing process. As it is, creative thinking process is a psychological or intuitional one. 
When fear is recorded, it hampers or inhibits thinking. However, coming to terms 
with the fact that failing is an important part of learning; when handled well, it can 
lead to development and progress [1].

2.3.2 Leadership issues

Studies show and scholars agree that issues of innovation and creativity can be 
well spearheaded from the top leadership of organizations. The top executives and 
directors of various firms are yet to strongly come out and support the strategic 
importance of innovation and creativity as key elements of corporate performance. 
It would appear that currently corporates are yet to take leadership on this subject in 
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order to foster performance and development. It is thought that if top leadership of 
organizations changes its attitude and approach to creativity, then the performance 
of various firms can also change. But it means the top managers must now change and 
lead innovation and creativity from the front in their respective entities. They also 
need to start nurturing upcoming innovators and creative thinkers [12]. 

2.3.3 Deficient resources and capacity

Investing in creative activities and in innovations can be a very expensive 
affair, and the same requires massive finances and human capital. Equally needed 
are systems, training infrastructure and the experts. All these require huge 
amounts of funding which is insufficient. This is a big impediment for this cre-
ativity which is a necessary endeavor. However, firms, institutions and countries 
must take deliberate decisions and set budgetary provisions for this purpose. They 
can also employ strategies such as networking and collaborations in a bid to foster 
the creativity task.

2.3.4 Lack of necessary alliances

Internal budgeting and structures may not assist alliances between teams. It is 
reported that many years later, organizations do not appear to have embraced the 
required collaborations to have things changed. It also seems that various barriers are 
still existing. These barriers could be similar across organizations and among indi-
viduals. They still impede creativity significantly. Lacks of strategic alliances among 
other factors still inhibit the ability to think creatively and hence innovate. Alliances 
must be encouraged to foster creativity and help in the achievement of the desired 
results. Creative collaborations are also about bringing people together, viewing chal-
lenges from different viewpoints and then linking that knowledge and understanding 
together, to create a solution. This must be a solution that can then be strategically 
planned and implemented effectively [13].

2.4 How to enhance creativity

Various scholars in their studies have attempted to find solutions to some of the 
impediments that have been identified so far. Although the impediments identified 
earlier are weighty, they are only a representation of the myriad of other challenges. 
Therefore, the suggestions here are just a few ways of enhancing creativity. It means a 
lot more can still be done through initiating further research [14].

2.4.1 The creative process

According to Corazza and Agnoli [13], whether one calls it creativity, creative 
thinking or just creative ideas, there must be a process involved in it. This process 
needs to be meticulous and can also be learned because it involves individuals, firms 
and systems. Above all, it must be supported financially, morally and by establishing 
the right systems.

What is fascinating is that creative thinking process is largely a subconscious 
process. Due to this fact, the individuals must be targeted because this process takes 
place intuitively.
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2.4.2 Techniques for improving the creative process

The findings indicate that there is the need of improving the creative process. If 
this process is improved, then the ideas that can be obtained as a consequence can go 
a long way in enhancing innovation. There will be a likelihood that those who become 
creative by the works of their minds may also benefit and feel valued to even improve 
in future. But they have to feel protected and also need to benefit from their creative 
minds. This is how intellectual property comes in play as an important component.

2.4.3 Intellectual property: protecting the ideas

Intellectual property protection plays a critical role in creative thinking and 
ultimately in supporting creativity. For instance, the generation of ideas that results in 
the improved efficiency or effectiveness of a system facilitates two important aspects 
of creativity. There is the existence of the process. Such a process is goal-oriented; it 
is designed to attain a solution to a problem. Then we have the people, they are the 
resources that determine the solution. These individuals must be assured that the 
works of their minds will be rewarded and also be protected from infringement.

2.4.4 Embracing kaizen concept

The Japanese term Kaizen which refers to improvement, or change for the bet-
ter, can be embedded in the creativity process. This is because it can be taken to 
include efforts by all employees from the top most to the lowest in cadre in striving 
for improvement. It strives to ensure that there is improvement of all processes and 
systems—including coming up with creative ideas, innovation and entrepreneur-
ship. This is intended for the functioning of a particular organization. The concept 
strives for long-term superior quality and ultimately customer satisfaction [8]. In 
today’s business world, an innovative organization can employ the Kaizen approach 
for evaluation of its core organizational procedures, operations and even in routine 
projects. Among the suggested principles of Kaizen that can address the paradigm 
shift include avoiding assumptions, being proactive in problem solving, creating an 
environment where everyone feels endowed to contribute and using creativity to find 
solutions to organization’s needs among others.

2.4.5 Creativity and trust

Studies indicate that there is a correlation between creativity and trust. Scholars 
posit that as a way of nurturing creativity in order to have an innovative and sup-
portive system in the organization, there must be provision for mistakes that might 
occur. In other words, there is need for crafting a safe space that provides allowance 
for failure. Some of the key attributes associated with firms that foster creativity and 
innovation are allowing individuals to acquire lessons from mistakes made. This needs 
some level of trust. It means the employer will have to develop patience in order to 
allow the employees take charge of tasks that risky enough that can lead to failure [15].

It is further argued that this may be one of the ways of getting the employees’ very 
best ideas. For instance, it is said that those employees who are based and work in the 
field understand their area better than most of the other workers. What it therefore 
means is that by allowing them room to dip their hands in to become innovative is 
beneficial to them as well as to the organization.
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Some firms have witnessed employee-driven creative ideas and innovative solu-
tions that have enabled them to avoid costly mistakes thus save millions of dollars and 
hundreds of hours. Thus, if companies put its trust in the hands of the individuals 
who work hard for them daily, then the team and the firm is likely to reap benefits 
that far outweigh the risks and the occasional failures.

3. Conclusions the creativity gap

One scholar has opined that bridging the creativity gap may require getting the right 
crowd to the ideas that spark. The ideas must spur individuals to action of some sort. 
Involving the right crowd to get to ideas that spark may result in creativity. This is the 
number one skill needed to survive and thrive in the current market reality. But various 
organizations and individuals are yet to measure to this. Attainment of ideas which elicit 
excitement is not only a process, but also an Art. Many scholars and individuals are yet 
to develop the ability of thinking outside the box or are engaged in creating concepts or 
solutions. In sense, creativity is at the core of differentiating businesses, scholars and 
individuals. It is therefore necessary to embrace creative crowdsourcing. This could 
be one of the ways in which businesses can overcome their own limitations and bridge 
their creativity gaps by relying on the crowd’s collective creative intelligence [16]. 
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Chapter 5

A Model of Technological 
Imagination and Creativity: 
Cognitive Task Analysis
Ruey-Yun Horng, Ching-Wen Wang, Yun-Chieh Yen  
and Ting-Yu Wu

Abstract

An integrated model of cognitive tasks involved in the process of a technological 
innovation was proposed based on these theories: 1. CDIO theory of technological 
innovation, 2. Wallas’s creative thinking processes, 3. Khalr & Simon’s theory of 
scientific discovery, and 4. the conceptual combination theory of imagination. The 
central theme of this model is the proposition that three cognitive conditions are 
necessary for technological imagination and innovation: 1. cross-domain knowledge, 
2. simple heuristics, and 3. pattern recognition ability. Although the required domain 
knowledge and implementation methods are different across domains, heuristics 
that lead to a breakthrough at each phase of CDIO in a technological innovation are 
similar, with conceptual combination as the cognitive engine for generating original 
and imaginative ideas.

Keywords: technological imagination, creativity, technological innovation, conceptual 
combination, problem-solving processes

1. Introduction

From the problem conception in terms of a functional demand to finding a  
solution, the designing and making of the product, its manufacturing and marketing, 
to taking social responsibility, technological innovation is a complex problem-solving 
process, requiring the cooperation of a chain of different industries and experts. For 
example, the semiconductor industry was formed around 1960 and consists of an 
aggregate of companies engaged in the design and fabrication of semiconductors and 
semiconductor devices, such as transistors and integrated circuits (IC). It is in turn 
the driving force behind the wider electronics industry for such products as power 
electronics, consumer electronics, and e-commerce. The semiconductor market 
segments include networks and communications devices. A need for technological 
innovation in the IC manufacturing industry may be driven by demands or orders 
from the users, the IC design, the IC fabrication and manufacturing, IC packaging 
and testing, logistical supports to deliver products to customers, and user services. 
The size of silicon wafers determines how many IC can be produced per wafer in 
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IC manufacturing. The semiconductor industry has been continuously striving to 
increase the wafer size. Although foundries used to produce 3-inch wafers, today’s 
common wafer size is 12 inches. Increasing wafer size is not a trivial process. In fact, 
silicon wafer manufacturing technologies have to be re-designed and re-engineered in 
order to increase the wafer size. Innovation is a common daily demand of all compa-
nies involved [1].

The CDIO theory proposed by Crawley and colleagues [2, 3] for improving engi-
neering education pinpoints 4 critical phases in technological innovation, whether it 
is a new product, procedure, or system [4]:

1.1 Conceptualization

The need for a certain functional requirement of a product/system that is mean-
ingful and valuable to the society is sensed, such as how to reduce CO2 emissions from 
the production process. This raises a design problem, the next phase of innovation.

1.2 Design

The initial functional requirement is abstract in nature. It must be developed  
into the tangible possible designs of a physical device or system. Based on the design 
of the current product, the industrial designer may sketch several different designs of 
how the product/system will look like when new functional requirements are added. 
The most promising design is chosen, given current technological constraints, and a 
prototype is constructed.

1.3 Implementation

A prototype is merely a conceptual design presented in 3D. How the prototype of 
a conceived new product or system can be physically realized must be studied and 
implemented by a team of RD workers and engineers. That means various compo-
nents of the product will be made, assembled, and contextualized into a real product 
that can work in a specified context.

1.4 Operation

When the first new product is created, it must be reliably reproducible with an 
equal quality and in a certain quantity. The manufacturing facilities must be set up 
so that parts can be manufactured, assembled, tested, packaged, and delivered to 
customers in a timely manner with a reasonable price and with supports for mainte-
nance, repair, and even recycling.

Technological innovation is a form of complex problem-solving with humans as 
the primary problem solvers. Its chances of success heavily rely on deep knowledge 
about the product, the industry of the domain [5], and imagination and creativity. 
Creative ideas always spring from an individual’s mind. Although CDIO may repre-
sent activities from different industries or individuals, the underlying cognitive tasks 
necessary for a person to come up with an innovative idea are similar. Understanding 
how the human mind stores, retrieves, transfers, combines, and transforms ideas in 
the human cognitive system is important to facilitate the generation of original and 
satisfactory solutions at each CDIO phase.
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The purpose of this study is to propose a model of creative processes in each CDIO 
phase of technological innovation that incorporates Wallas’s four stages of creative 
processes [6]. Conceptual combination theory of imagination was used to account for 
what happened during the incubation stage that later brought about the breakthrough 
ideas at the illumination stage [7]. This model of imagination and creativity in 
technological innovation will later be shown to be analogous to Klahr and Simon’s [8] 
theory on the cognitive process in scientific discovery in which domain knowledge, 
simple heuristics, and pattern recognition are three cognitive tasks indispensable for 
making scientific breakthroughs.

Specifically, we propose that in order to achieve something creative, Wallas’s four 
stages of creative problem-solving processes (i.e., preparation, incubation, illumina-
tion, and verification) will occur during each CDIO phase. The conceptual combina-
tion theory of imagination is a simple heuristic to generate imaginative and innovative 
ideas during the incubation stage, which then dawn on the individuals at the illu-
mination stage. As shown in Table 1, this model of technological imagination and 
creativity can provide a handy framework for analyzing the cognitive tasks required 

Phase1 C D I O

Stage2/
goal

Problem finding Solution finding Making the 
first product: 
contextualization and 
specification

Building a 
production 
system

Prp. Memory search 
and knowledge 
acquisition about 
problems related to:
The current 
products and user 
experiences.

Memory search and 
knowledge acquisition 
about:
solutions of the 
problem, and user 
experiences.

Memory search and 
knowledge acquisition 
about:
methods, tools and 
materials for making 
the product, contexts 
of use, and user 
characteristics.

Memory search 
and knowledge 
acquisition 
about:
Production 
methods, 
materials, 
machinery, 
human 
resources, users, 
markets, law, 
management, 
and etc.

Inc. Automatic 
spreading 
activation of 
memory and 
conceptual 
combination.

Automatic spreading 
activation of memory 
and conceptual 
combination.

Automatic spreading 
activation of memory 
and conceptual 
combination.

Automatic 
spreading 
activation of 
memory and 
conceptual 
combination.

Ill. Pattern recognition Pattern recognition Pattern recognition Pattern 
recognition

Vrf. Testing by 
logical analysis, 
experiment and 
data analysis.

Testing by building 
a prototype and 
discerning user 
satisfaction.

Testing by pilot runs 
of the product and 
learning levels of user 
satisfaction.

Testing by 
users of the 
production 
system and 
market.

1C, conceptualization, D, design, I, implementation, O, operation.
2Prp., preparation, In., incubation, Il., illumination, Vrf., verification.

Table 1. 
A model of creative processes in technological innovation.
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in every stage at a given CDIO phase and also for designing educational programs and 
procedures to facilitate engineering imagination and creativity.

2. Creative problem-solving processes in technological innovation

Creativity is a criterion for evaluating all technological innovation. Imagination is 
often treated as a synonym for creativity. In the present study, the distinction between 
imagination and creativity will be stressed so that conditions that enhance engineer-
ing imagination and creativity can be better understood. Creativity is defined as the 
process by which a socially valuable new product is produced [9], whereas imagina-
tion is defined as the process by which a new idea emerges in one’s mind. This distinc-
tion is important because the creation of an appropriate but novel product valued by 
society is often a very long and complex process (e.g., the designing and manufactur-
ing of an electrical vehicle).

Factors affecting technological creativity include not only an individual’s personal 
characteristics such as ability, personality, and motivation but also the social, intellec-
tual, and technological resources necessary to support such endeavors [10]. Thus, it is 
argued that highly creative achievement is determined by a multiplicative rule composed 
of many personal, social, and environmental factors. The absence of one required factor 
would render the creative effort futile [11]. Imagination, on the other hand, occurs in 
one’s head and is relatively easier to manage and foster through education and training.

Klahr and Simon [8] reviewed studies on historical accounts of scientific discover-
ies, psychological experiments with nonscientists working on tasks related to scientific 
discoveries, direct observation of ongoing scientific laboratories, and computational 
modeling of scientific discovery processes. They proposed that cognitive processes in 
scientific discovery consist of three components: search through domain knowledge, 
use of some simple heuristics to consider and generate ideas, and pattern recognition 
when a solution emerges in the mind. In the present study, it is proposed that although 
very different kinds of knowledge are required for creative problem-solving activities 
during each CDIO phase, the creative-thinking processes are nevertheless similar. 
The conceptual combinations are the simple heuristics or cognitive mechanisms that 
humans use to imagine and go beyond what is given in our memory.

In brief, every episode of creative accomplishment will go through Wallas’s four 
stages of the creative problem-solving process [6]: first is the preparation stage, 
during which an individual senses the problem and searches for available solutions 
but fails; second, in the incubation stage, because of the failure in previous problem-
solving attempts, the individual puts aside the problem and shifts attention to some 
unrelated activities and appears to be disengaged from the problem; third, in the 
illumination stage, after a short or long period of incubation during which the person 
does nothing deliberately, the solution to the problem may suddenly pop into the indi-
vidual’s mind; and the last stage is verification, during which the individual performs 
required tests to see if the idea will indeed work.

These four stages require different cognitive engagement and social participation. 
For example, extensive learning and searching for information and examples of past 
and currently available products or practices are the major cognitive activities in the 
preparation stage. Implementation of the ideas and testing how they accomplish the 
goals usually require collaborative work and investment of material and financial 
support from society. Of these four stages, the incubation stage and the illumination 
stage occur only in an individual’s head.
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How the human mind worked used to be regarded as a black box. However, with 
recent advances in neuroscience and neuroimaging technology, the mind is no longer 
as black as it used to be. The present study proposes that the way the brain works 
during incubation to bring about illumination is through the act of imagination. 
Imagination is a kind of mental activity through which existing knowledge in one’s 
associative brain networks can be activated, combined, and interpreted so that new 
ideas may be generated. Conceptual combination is thus proposed to be the cognitive 
mechanism, a simple heuristic, by which the human brain creates new ideas during 
the incubation stage [12].

3. Imagination: conceptual combination and interpretation

Conceptual combination refers to joining two or more concepts to generate a new 
idea [13]. It is believed to be the most wonderful merit of the human mind [14]. At 
the neurological level, conceptual combination is made possible because any neuron 
(concept) in human brains can be linked to many other neurons unconsciously or 
consciously. The meaning of an object or event is thus determined by its activation 
pattern, a created network, of neurons [15, 16].

In engineering, many innovative ideas were indeed conceived and created through 
conceptual combination. For example, the electrical bicycle is made possible by 
joining an electricity-powered mechanism and the manual bicycle. Personal com-
puters originated from the idea that the traditional mainframe computer could be 
carried with you wherever you go, like a briefcase. The Blackberry phone was first 
conceived by joining of two concepts: cell phone with email [17]; mirrors were added 
to elevators as a means to distract people’s attention from the slow speed of elevators 
[18]. In other areas such as language, new words and phrases are constantly created 
via a combination of already existing words [19, 20]. In reading comprehension, the 
meaning of a sentence is achieved by activation and the integration of different word 
meanings in a sentence so that a gist in the form of a proposition for the sentence, a 
macroproposition for the paragraph, and a situation model for the entire text could be 
derived [21, 22].

Chance or luck has always been considered an important element in creative 
achievement [23]. For example, Campbell’s theory of blind variation, selection, and 
retention [24, 25] argues that random variation is the basic mechanism that organ-
isms use to cope with an uncertain environment. For example, mutation is the major 
mechanism by which a virus adapts to harmful environmental factors. Humans are 
blessed with a brain that can perceive the environment, store learning and experi-
ences, and retrieve the information from memory to help understand and solve 
new problems that arise in the present and future. By manipulating information 
in the brain, simulating possible environmental changes, or just letting the brain 
wander randomly, humans, unlike lower organisms, can think and plan their coping 
responses in advance. The way human brains work to create new knowledge is by a 
random combination of ideas in the brain. Ideas may automatically collide with each 
other by chance, and some patterns may emerge unexpectedly to shed light on the 
puzzled mind [24]. However, mere activation and association of previously stored 
information in the memory is not enough to generate original ideas from conceptual 
combination. Some novel ideas that are remote associates from other knowledge 
categories must be found to help one get out of a rut [26], and interpretations must be 
made to meaningfully link the concepts [27], either automatically or deliberately.
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After reviewing extensive empirical evidence from psychological literature, 
Simonton [28] used the theory of constrained stochastic process to account for sci-
entific creativity. He pointed out that the road to scientific discovery was filled with 
uncertainty and luck. Logics and systematic thinking do not provide much help. They 
are primarily useful after the discovery to provide proofs and explanations for the 
validity of the discovery. Based on his analysis, Simonton pointed out two factors that 
contributed to scientific discovery. The first is the domain knowledge of which each 
scientist can only sample a small portion as the target of the study. The second factor 
is the scientists who evaluate the existing knowledge in the field of their study and 
who then try to find new and useful knowledge via the combination of knowledge 
shared in their scientific community.

In the theory of constrained stochastic process, the random combination of ideas 
that leads to scientific discovery proceeds in two steps. One is ideation, which refers 
to the generation of possible ideas; the other is elaboration, which refers to further 
explanation and refinement of the ideas. Because scientists usually work on more 
than one project at a time, the cross-talk from these diverse projects may provide 
chances for novel reformulations and discoveries. Blind variations and combinations 
of existing knowledge are thus the brain’s mechanisms to generate original ideas for 
different types of creativity [25].

Technological innovation is founded on scientific knowledge. The difference 
between technological innovation and scientific innovation is that the former is less 
constrained [28] because there usually exists numerous possible solutions to a tech-
nological problem. Empirical evidence shows that random variation and conceptual 
combination are crucial for the emergence of original technological solutions. For 
example, Zeng et al. [18] found that the remote association of concepts from different 
domains spawned more creative mash-up web service design ideas in information 
technology than were generated from intradomain mash-up web service design. It 
is thus proposed that conceptual combination is the simple heuristics to promote 
imagination and creativity in all four CDIO phases in technological innovation.

4. Interpretation: making sense of novel experiences

Emergence of original ideas from conceptual combination is not merely a process 
of memory retrieval from free association [29], neither is it the remote association 
[26] of concepts in one’s knowledge network. When two seemingly unrelated ideas 
are retrieved from memory, an interpretation process is automatically activated in 
the human cognitive system, aiming to make sense and find meaning for the co-
occurrence of these objects or events [19]. Finding a way to meaningfully connect 
two terms is the simplest form of relational thinking, a kind of abstract thinking 
[30]. It is this interpretation process that generates and adds new nodes to the 
memory network and makes the knowledge network grow by itself. On the one hand, 
because there are many possible ways to interpret the co-occurrence of concepts, 
objects, or events, the interpretative processes involve divergent thinking, thus 
making evaluation of the fluency, flexibility, originality, and elaboration of emerged 
ideas possible. On the other hand, the act of interpretation also requires convergent 
thinking because a new idea must be generated and chosen to account for the reason 
why these concepts co-occurred [7]. Three criteria were raised to evaluate whether 
the emerged new concepts from conceptual combination indeed made sense: diag-
nostic feasibility, plausibility, and informativeness. That is, the new concepts must 
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be derived from distinctive feature or meaning of the given concepts, be a plausible 
explanation of the co-occurrence of these given concepts, and add something new 
when combined [31]. For example, “that lawyer is a shark” would automatically 
generate an image of a (greedy and reckless) lawyer with sharp teeth and biting, 
rather than a lawyer with a fish tail.

People use three kinds of interpretation to associate two unrelated words: 1. 
conjunctive interpretation, 2. property transfer interpretation, and 3. relational inter-
pretation [27]. In conjunctive interpretation, new ideas emerge from finding property 
overlap of concepts to be combined. For example, “vitamin C” is the concept that 
emerges from the combination of the concepts “banana–apple.” In property transfer 
interpretation, new concepts emerge by giving the unique property of one concept 
to another concept. For example, the combination of the two concepts “lily–light” 
may produce the response “lily-shaped desk lamp.” In the relational interpretation, a 
mediating concept is introduced to link two concepts such that the initially unrelated 
concepts become related. For example, “lavender–beer” may produce a response such 
as “beer party in a lavender garden.” Two subtypes of conjunctive interpretation were 
also observed [32]. Other than finding a common property for the two concepts in 
conceptual combination, the mapping/conjunction between two concepts can also 
occur at a more global level or at a structural level. This type of mapping is usually 
accomplished by analogy. For example, the concept of an airplane is structurally 
analogous to a bird generated from “fly like a bird.” Another unique type of conjunc-
tive interpretation is “negation;” the new concept is obtained by a negative interpreta-
tion of the common property found between two concepts, for example, “darkness” 
as a response counter to the property “brightness” derived from light-rationality pair. 
Originality of new concepts emerging from different types of interpretation may be 
quite different in terms of whether the original concepts are modified or whether the 
new concept entails using the original concepts to create a broader meaning.

5. Conditions that foster originality in conceptual combination

However, not all ideas that emerge from a combination of novel concepts are 
original [25]. Several factors might affect the outcome of a conceptual combina-
tion, including novelty or semantic distance of concepts [33, 34], the abstractness of 
the concepts to be combined [35, 36], types of interpretation required [37–39], age 
[40], number of iterations [41], or even the ontological category of the concepts. For 
example, Bock and Clinton [39] found that noun-noun pairs of the natural kind elic-
ited significantly more property-related interpretations (e.g., moon-orange → round) 
than noun-noun pairs of the artifact kind. Likewise, noun-noun pairs of the artifact 
kind elicited significantly more relational interpretations (e.g., knife-bike → cutting 
the edge) than noun-noun pairs of the natural kind. Last but not least, recognition 
and decisions regarding which ideas to select and retain from a pool of interpretations 
are also important [8, 24].

Imaginativeness of an emerged idea is thus a function of availability and distance 
among the ideas to be combined in one’s brain, the type of interpretation chosen in 
conceptual combination, and pattern recognition to identify the desired final idea. 
This model of technological imagination and innovation can therefore be described 
by integrating Klahr and Simon’s [8] model of scientific discovery and Simonton’s 
[25, 28, 42] blind variation, selection, and retention (BVSR) theory of creativity. 
Namely, cognitive processes involved in technological innovation include three 
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components: 1. availability of cross-domain knowledge, where concepts from two 
or more than two domains need to have a chance to meet in one’s head; 2. a simple 
heuristic, namely conceptual combination, is applied to make one or more than one 
interpretation to combine seemly unrelated concepts; and 3. some utility functions, 
or selection and retention criteria are applied so the individual can recognize and 
choose certain types of interpretation yielded by conceptual combination (Figure 1). 
Imaginativeness of an idea that emerges from conceptual combination is a product 
of these three factors within an individual. According to this model, cognitive tasks 
for an individual engaged in the CDIO processes of a technological innovation are 
analyzed as follows.

6. Cognitive task analysis of the creative processes in CDIO

Completion of CDIO tasks in a technological innovation involves the collaboration 
of many experts from different industries. Experts with different domain knowledge 
and experiences must cooperate to solve the problem at each CDIO phase and across 
several CDIO phases. However, for execution and completion of goals at CDIO, even 
though the required domain knowledge and experiences for innovation are differ-
ent, the creative processes are similar. That is, at each CDIO phase, the problem is 
solved by going through Wallas’s 4 stages of creative problem-solving processes [6]. 
Cognitive tasks at each problem-solving stage are summarized in Table 1. In the fol-
lowing task analysis, the conceptual combination processes are illustrated primarily 
with examples from the creation of the Book of Chanel No 5 [43, 44].

The Book of Chanel No 5 was commissioned by the owner of the perfume com-
pany Gabrielle Chanel to Irma Boom, an Amsterdam-based designer, who has made 
more than 250 volumes of books. About 20 percent of them are in a permanent 
collection at MoMA. The 300-page book has no ink. Each of the crisp white pages 
is embossed with a drawing or quotation that helps the story of Gabrielle Chanel 
unfold. The book structure is housed in a black box. The book won the Dutch Design 
Awards in 2013 and is part of the permanent collection at MoMA [45]. The creation 
of the Book of Chanel No 5 is chosen as an example because it provides an interesting, 
creative example of a small but complex technological innovation that is comprehen-
sible for most readers.

6.1 Cognitive tasks for conceptualization phase

The goal at the conceptualization phase of a technological innovation is to find a 
problem that is worth of future efforts. Creative ideas for a product first emerge in 
one’s mind as a problem or a functional requirement. For example, how can I fly like 
a bird? Raising a question like this may drive further efforts to solve the problem. 

Figure 1. 
Cognitive process in technological innovation.
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The question must be meaningful and have potential utility to the individual. For an 
innovative technological problem, its meaning and utility must be recognized not 
only by someone, usually the users, but also by society and technological profession-
als, to attract resource investment. Following Wallas’s theory, the cognitive tasks for 
emergence of creative ideas from an individual’s mind at the conceptualization phase 
are explained as follows:

A. Preparation stage. For any creative and innovative task, activation of prerequisite 
knowledge about the product and the search for new knowledge are the primary 
cognitive tasks in the preparation stage. Technological innovations always build 
on previous technology. Features and functions are added to or removed from 
the previous products. For any innovative problem, there is no ready answer in 
the current knowledge base. One must go beyond the boundary and search in 
other related or unrelated domains. Cross-domain knowledge must be pooled via 
collaboration of the RD team. The individual’s memory search can be performed 
either deliberately or subconsciously by the automatic spreading activation 
nature of the human brain [16]. A technological innovation often begins from 
the conceptualization of a need from users. For example, how to manufacture 
a wafer so that more IC could be produced per wafer? To sense the need of the 
problem and to solve the problem, deep knowledge and experience in wafer 
manufacturing is necessary. In the case of the Book of Chanel No 5, the need 
for the creation of the Book of Chanel No 5 was from the founder of the fashion 
company, G. Chanel, who has the knowledge of and experience with the per-
fume, perfume making, and the birth of Chanel No. 5 but who is without book-
making expertise. She turned to Irma Boom, who is an expert in bookmaking 
but is without expertise in the history and making of Chanel No. 5. When Boom 
began working on the book, she totally immersed herself in the subject. The 
fashion brand provided her with as much information as possible and let it per-
colate until the breakthrough idea struck her. Boom spent time in Chanel’s Paris 
apartment and studied Gabrielle Chanel’s life. She made field trips to the factory 
and gardens and witnessed the bottling process and even joined the Chanel team 
as they picked roses in Grasse, a village in the Provence region of France. What 
she was searching was: “what is unique about Chanel No 5?” The answer would 
be the key to the design idea: “what is unique about the Book of Chanel No 5?”

B. Incubation stage. To come up with a new and original idea, one will certainly 
encounter a period of bottleneck, that is, a time when there is no idea for the 
solution of the problem. This period can either be relatively short or be very 
long, depending on the difficulty level of the problem or the knowledge state of 
one’s memory. When one experiences failure, it is usually followed by a short or 
long period of breaking away. Attention is shifted to other activities. However, 
the brain does not stop working during this period. Remote ideas from different 
domains may be automatically activated unconsciously and collide with each 
other to form unexpected patterns or configurations of ideas [24].

C. Illumination stage. Once the activated memory network associated with the 
book’s concepts (book—Chanel—perfume—fragrance—smell—invisible) was 
formed, as illustrated in Figure 2, a new idea (an invisible book) for the solu-
tion popped up suddenly after a period of incubation. Boom’s conception of the 
unique feature of Chanel No. 5 was inspired by the nature of fragrance when 
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Boom was in the rose garden one day and found what she smelled there was so 
intense, and exciting, but not visible. The idea for the book suddenly struck her: to 
create a book of Chanel No. 5 is like to creating a book of fragrance: a book with-
out ink, but readable, an analogical mapping between the book and the perfume.

D. Verification stage. Although the conception is abstract in nature, the idea must be 
subject to logical analysis and reality testing. Is it really possible to make a book 
without ink but for it to still be comprehensible to readers? Previous examples 
of books without ink such as Braille must be retrieved from memory and other 
external sources to verify the plausibility of the current idea.

6.2 Cognitive tasks for design phase

The abstract idea needs to be transformed into tangible, visual representations so 
that rough sketches of the objects in their finished form can be visualized by people, 
its building or construction feasibility can be examined, and alternative designs can 
be compared so that the better one can be chosen. The cognitive tasks involve mov-
ing from the pure abstract idea to sketches of the possible appearances of the object 
and then to 3-D prototypes, to envision how the new functional requirements can be 
materially realized. For example, how can a current 10-inch wafer manufacturing line 
be extended into a 12-inch wafer manufacturing line? General design knowledge and 
engineering knowledge about how to realize an abstract functional requirement into 
a concrete physical product must work together. In the case of designing a book of 
Chanel No 5, the design problem is how to make a book that is invisible but readable. 
Boom’s solution to creating a book that was without ink but readable was by embossing. 
The cognitive tasks to generate the answer “embossing” include:

A. Preparation stage. Knowledge of and experience with the current technology in 
product making is not sufficient to solve the problem; new knowledge and expe-
rience must be imported from other domains. The design is guided by the new 

Figure 2. 
Illustrated possible memory activation given book of Chanel No 5 as cue.
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functional requirements of the end product and existing engineering knowledge 
of the to-be-made product. In the example of designing the Book of Chanel No 
5, knowledge and experience in bookmaking with printing or without printing 
must be retrieved and compared. With a goal to create something original, previ-
ous cases of books without print must be analyzed, retained, or ruled out in the 
process of finding something unique. Irma Boom is an expert in bookmaking. 
She has created over 300 books and holds an excellent reputation for her artistic 
autonomy within her field. Creating a sensory tactile experience when designing 
and making books is very important to Boom, and she aims to inspire discovery 
and interaction. She analyzes every little detail in bookmaking to maximize a 
book’s engagement potential in contrast to its digital counterparts [45].

B. Incubation stage. After extensive review of previous examples of books without 
ink, some original ideas must be generated. Many ideas and experiences regard-
ing bookmaking will be searched and then abandoned. A period of mental block 
and sense of failure are inevitable. A period of breakaway from the problem is 
called for. However, the combination of concepts: book—no print—readable 
may subconsciously keep activating experiences and knowledge about books or 
reading under special circumstances such as for the blind, the hearing impaired, 
and so on. Consequently, Boom’s experiences of making book covers by emboss-
ing were activated in the memory network in the incubation stage. Figure 2 is a 
simplified illustration of possible concepts activated during the process of the 
information searching in the brain.

C. Illumination stage. The idea of using embossing to make the book pages emerged! 
It could be used to make the content of the book semi-invisible but still readable.

D. Verification stage. Designing a technological product is half-conceptual half-phys-
ical in nature. A prototype must be made to communicate the idea in a physical 
form. Boom has long used embossing on the cover of her books, but using it as 
the only source of printing was a new concept with unique challenges. A proto-
type must be produced to show how the book would appear to G. Chanel. It is a 
miniature of the product to be created. It shows the structure and configuration 
of the components of the product in its finished form. The plausibility of making 
the real object can then be evaluated and discussed among experts, engineers, 
and users. Revisions and redesign are relatively easy at this stage.

6.3 Cognitive tasks in implementation stage

A prototype of the product is still conceptual in nature. Can the prototype 
design work in reality? A real, physical object must be built by RD engineers. 
Technological constraints are the major challenge at this phase. The nature of 
engineering work is constraint satisfaction or contextualization [46]. For example, 
to create an electrical bike, adding a power system with a power control system and 
user interface mechanism to a bike body is the major challenge. Moreover, the final 
product must be contextualized to the persons and conditions under which the 
bike is to function. Every detail must be specified before the product can be made. 
Engineering knowledge, industrial knowledge, and knowledge of the potential 
markets and users must be searched and available for consultation. The goal of the 
implementation stage is to make a real object work as designed and that can operate 
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properly in a prescribed context. The making and manufacturing of the first 
technological product is not only a very tedious and time-consuming process, but it 
is also very expensive. Other than materials and machinery for making the object, a 
variety of engineering knowledge, equipment, and procedures must be recruited. In 
the case of building the first electrical bike, technological problems involve making 
of the bike body, battery, power control device, man-machine interface device, and 
other auxiliary parts. Most important of all is putting these elements together and 
making sure that the bike can ride for a reasonable distance with reasonable labor 
and speed. RD workers and experts in the related domains must be recruited and 
work together to solve the new problems involved in making the first instance of 
the new electrical bike.

A. Preparation stage. In engineering, the product is first broken down into compo-
nents and parts, each of which is manufactured separately. Different lines of 
engineers work at about the same time, and their outputs are then integrated to 
form the newly innovated product. New designs invariably create new technical 
problems for making the product. For example, embossing is commonly done 
with materials that are hard enough to endure the press. How can embossing 
be done with a sheet of thin and fragile paper? How to bind the book without 
damaging the content? New materials and/or new embossing techniques must 
be found to solve the problems. The size, weight, and content of the book may 
also affect how many pages of embossed content can be bound. New solutions 
must be found. In Boom’s case, making an embossed book involved combining 
both printing and embossing techniques. Using embossing as the only source of 
printing was a unique challenge for the printing industry.

Typically, books are bound and cut, but the pressing process would render the 
embossing flat, so it was necessary to figure out a different way to ensure the 
subtlety of Boom’s designs would keep their form. The publisher ended up using 
an old letterpress machine, with the ink removed. Each page was first designed 
on an aluminum plate and turned into a mold that the pages would then press 
against. Numerous technical details like this one needed to be surmounted in 
making the first book. The solutions needed to be found before a first copy of the 
Book of Chanel No 5 could be produced in its final completed form. These cogni-
tive tasks cannot be performed by any individual alone. It requires the combined 
efforts of many experts from different domains. Some problems may need to be 
fed back to the conceptualization and design phases for reworking.

Knowledge about the making of a product is thus distributed among different 
experts. Therefore, collaborations among individuals are essential. For example, 
more than one thousand steps are involved in wafer fabrication. It is not possible 
for one person to have the complete knowledge needed to create a new wafer 
manufacturing line. In the case of bookmaking, other than how to print the 
content of the book onto pages, the content of the book must be written, and the 
size, weight, thickness, and anticipated demands of the targeted readers and so 
on must be specified before the book can materially exist.

B. Incubation stage. A period of breaking away from the problem and the opportu-
nity to exchange ideas among different experts are critical for breakthroughs in 
solution finding. Problems and a failure to find the proper solution may occur for 
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each subproblem. The individuals who work on the problem may have to wait for 
some period before another’s problems are solved. Communication among RD 
teams and their scientific and technological communities becomes vital. Various 
solutions are searched and activated and shared in the brains for random vari-
ations. Conceptual combination can thus occur within one’s brain or between 
multiple brains via communication.

C. Illumination stage. Solutions for a given problem always emerge first from a 
team member’s brain. The ideas must be voiced and heard and have a chance to 
be discussed. In the case of Chanel No 5, the final book is 5 cm thick, a nod to 
the perfume’s name, and each design was hand drawn. The 300-page book was 
printed devoid of ink. It was instead embossed with text and images, creating a 
semi-invisible narrative for Gabrielle Chanel. Although there was a temptation 
to infuse the pages with the smell itself, Boom rejected the idea because it was 
too literal, too obvious. For the readers, the concentration is on the images, text, 
and tactile sensation when one leafs through the book, creating an experience 
through which one can almost smell the perfume. To Boom, that is much more 
interesting and thought-provoking than the real smell of the perfume. The final 
product is a book filled with solid white, textural pages. The content of the book 
was taken from the world of Mlle, a book on Coco Chanel: “Mademoiselle: Coco 
Chanel and the Pulse of History” [44, 47].

D. Verification stage. The reliability and quality of each technological innovation 
must be tested via experimentation, running simulation, or field testing to make 
sure each part functions as designed and meets the end user’s demands. In the 
Book of Chanel No 5’s case, the final book had to be semi-visible but completely 
readable by the readers and, at least, be satisfactory to G. Chanel.

6.4 Cognitive tasks in operation phase

The ultimate goal of a technological innovation is to compile and assemble a produc-
tion procedure so that the product can be reproduced with reliability and flexibility and 
in a certain quantity upon order at any time. The possibility of manufacturing automa-
tion is also a concern. It is not just the act of creating and making a new technological 
product; it is the act of creating a new industry. For example, more than one thousand 
steps are involved in the wafer manufacturing procedure. A huge quantity of material 
and human resources must be invested to create a production line. Problems such as 
inventory control, testing, packaging, delivery, recycling, and customer service are also 
essential components of production line management. Cognitive tasks in the operation 
phase include working out every detail about the routine manufacturing, packaging, 
testing, and delivery of the finished product to end users while making sure the prod-
uct can function properly for them. In a manner similar to the implementation stage, 
many sectors and people are involved in the execution of the tasks. For example, in the 
semiconductor industry, a wafer manufacturing line consists of an engineering chain, 
a supply chain, a manufacturing execution system, an equipment engineering system, 
and an internet system to support the interactions of these separately operated systems. 
Problems, such as a bottleneck in scheduling, machine failure, defects in products, 
or consumer complaints, need to be dealt with constantly. Daily routine operations 
are accomplished by many people and facilities. Some mechanical failures or quality 
problems may call for innovative solutions, redesigning, or reengineering. The whole 
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cycle of CDIO may be repeated again and again. In addition, with use, users can detect 
problems that were missed by the designers or manufacturers. Their feedback provides 
invaluable opinions for product improvement and innovation. When setting up the 
production system for the first time, the creative processes are described as follows:

A. Preparation stage. The goal is to search for possible methods to manufacture the 
product for the market. Building a reliable, flexible, efficient, and effective manu-
facturing system is the goal at this phase of product innovation. User friendly, 
customer satisfaction, safety, ease of maintenance, and environmentally friendly 
are the ultimate criteria for the evaluation of the success of a product system. For 
example, a production system for a 5-inch wafer is not the same as the production 
system for a 3-inch wafer. Many new problems arise for each wafer size. They 
may be identified not only by experts in manufacturing and industrial manage-
ment but also by operators at the work site, users, or lawmakers. Besides, because 
of the constantly evolving nature of science and technology, there is always a 
continual demand for improvements in production methods. These problems 
need to be solved by RD engineers or domain experts. In the case of making the 
Book of Chanel No 5, numerous problems could arise regarding the fragility of an 
embossed book, such as how to bind the book? How to repair or replace a dam-
aged page? How to handle the book so that the embossed content will not be acci-
dentally erased? How long would the embossed content stay legible? How to store 
or ship the book so that its contents will not be damaged? These problems may 
come as feedback to the experts in the conceptualization, design, or implementa-
tion phases for clarification and solutions. Or they might be solved by personnel 
such as production engineers, quality control engineers, or industrial engineers at 
the work site. The search for knowledge regarding production methods, equip-
ment, materials, and procedures is again the first step to take here.

B. Incubation stage. A period of rest and separation from the problems at hand is 
necessary for remote associations in the memory to be activated and reach the 
activation level. Engineers and technical support staff need to come up with 
plans for a manufacturing plant. When actually building the production line, 
new technical problems may be detected and sent to RD engineers for solutions. 
Some problems may need to be sent to implementation, design, or even concep-
tualization phases for further clarification and ideation. In essence, the knowl-
edge for problem-solving is again distributed among many different experts. 
Time and opportunity for the exchange of ideas and experiences are critical for 
remote conceptual combinations to occur.

C. Illumination stage. Once the remote idea reaches its activation level, it may pop 
out of an individual’s head after some period of incubation. The idea must have a 
chance to be heard, discussed, and accepted by the team. For example, to protect 
the embossed content of the Book of Chanel No 5, the book structure is housed in 
a black box so that the content of the book will not be damaged during handling 
and delivery.

D. Verification stage. The efficiency, effectiveness, safety, and environmental sus-
tainability of the manufacturing procedure and the quality of its outputs must be 
constantly evaluated. User satisfaction, the success of sales, and employee satis-
faction and safety are the final tests of the success of technological innovation. 
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Other than the test of the market, the Book of Chanel No 5 is now in a permanent 
collection at the Museum of Modern Art in New York City.

As summarized in Table 1, the above cognitive task analyses show that CDIO repre-
sents different domains of knowledge involved in the innovation process of a new techno-
logical product. From the conceptualization of a need for a new product, to the design of 
the physical product, to making the first instance of the product, and, finally, to creating 
a manufacturing line for reproducing the product, the diversity and complexity of the 
tasks involved increase tremendously with the progression of the innovation. Cross-
domain knowledge and collaboration among experts and professionals are crucial for the 
success of technological innovation. The criteria and methods to validate the viability of 
the innovation outcome for each phase of CDIO are different. Heavy reliance on cross-
domain knowledge, user experiences, and cross-domain collaboration are unique features 
of technological innovation. Nevertheless, the creative cognitive processes, namely, the 
incubation stage and illumination, are similar across the 4 phases and are also similar 
to other types of creative works such as scientific discovery or art. Specifically, creative 
ideas are always conceived within and emerge from an individual’s mind. However, it is 
very likely that the remote associates for conceptual combination may come from another 
person’s mind. The opportunity to communicate and share thoughts with one another 
is important in technological innovation. A period of a brief or long pause from the 
current domain area is necessary for the mind to shift its focus of attention and wander 
away from the current problem so that remote associates from another domain may gain 
access to the conscious state. Thus, room to endure the ambiguity and uncertainty of the 
situation must be provided. An illumination of a solution popping out of the mind occurs 
when one of the team members recognizes the potential of relating the current problem 
to a remote associate, and an interpretation is formed and acknowledged by the team. 
This creative cognitive process can be succinctly delineated by a slight modification of 
Klahr and Simon’s [8] model of scientific discovery, shown in Figure 2.

7. Conclusions and discussion

In sum, the model shows three conditions for the generation of imaginative and 
creative technological innovation: 1. the importance of cross-domain knowledge is 
stressed, not just because an innovative solution, by its definition, cannot be found in the 
original domain of the product but also because the nature of technological innovation, 
more often than not, involves combinations or incorporation of new functions from 
other domains. For example, a smartphone is a combination of an original mobile phone 
and internet functions. 2. conceptual combination is viewed as a primitive heuristic for 
information searching and interpretation. The human ability to imagine and create is 
rooted in the brain’s capability to randomly combine information stored in memory and 
make sense of these novel conceptual combinations. It highlights the importance of not 
only memory search and retrieval but also cognitive mechanisms to make sense of the 
meanings implied by the remote associations of the concepts. Many heuristics and meth-
ods for innovative ideas such as Triz [48], SCAMPER [49], and morphological analysis 
[50] are just more elaborate and structured methods of conceptual combination. 3. 
Pattern recognition is a cognitive task not very well explained before in terms of how 
an original idea can be recognized and selected as a plausible solution to the problem. 
Here, it is proposed that the ability to recognize and select the outcome from conceptual 
combinations is a joint function of the goal, the interpretation efforts, and the value 
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(bias) held by the individual and the team members. Recognition of a solution in its 
primitive form is shaped by the goal one is searching for in the creative process. Without 
it, one can be totally blind to the opportunity [51]. However, the acceptance and adop-
tion of technological innovation are also determined by the group’s value about what the 
most desirable outcome is and how much risk (the investment) the group would take for 
its success in the making and selling of the product. Cultural and social factors may also 
come into play at the verification stage of every phase of CDIO [25, 42, 52].

The plausibility of the model awaits empirical verification. It cannot be tested 
directly. However, its theoretical and practical implications can be tested by logical 
analyses, experiments, field studies, or case studies. Because technological innovation 
is an application of scientific knowledge to the development of artifacts for human use, 
the importance of scientific knowledge and user experience for innovation in every 
phase of CDIO is beyond doubt. The nature of technological innovation itself is a com-
bination of different technological products employed to produce a function that has 
higher utility than the previous one. Conceptual combination is the most primitive form 
of creative thinking. Empirical studies that examined the effects of conceptual combi-
nation in technological innovation were reported in the earlier sections of this paper. 
Studies can also be done to examine the effects of diversity of a team’s knowledge and 
its team members’ imaginative abilities on product innovation. For example, in Wang, 
Lu and Li’s study [53], data were drawn from 49 dyads who were the finalists out of 120 
teams of a collegiate saw-design competition. Their task was to conceive and design an 
unusual use of the saw. The ideas behind the sketches of their design were presented 
and scored by 3 professors and 2 design professionals according to three criteria: 
inventiveness (60%), clarity of conceptualization and presentation (20%), and creative 
strategy for competition and marketing (20%). Results showed that participants’ 
imagination score measured by a conceptual combination test, efficiency, effectiveness 
of communication between the dyad, and heterogeneity of the team composition all 
contributed positively to design performance. The interaction between the imagination 
score and the heterogeneity of the team suggested that the dyads with higher imagina-
tion scores produced more creative designs when their collaborators were from a more 
different domain. In addition, a behavioral measure of imagination was constructed 
based on conceptual combination theory with acceptable reliability and validity [7]. 
The test scores were found to be able to predict design students’ design performance 
more than the originality measure of divergent thinking ability. Methods of training to 
enhance engineering imagination based on conceptual combination theory have also 
been designed and can be incorporated into engineering education [32].

One practical implication that deserves special attention for technological educa-
tion and the industry is that chance plays a role in creative processes, but it does not 
come without cost. The magic of incubation and illumination suggests that, given 
sufficient motivation and prerequisite conditions, human minds may continue to 
freely search and combine ideas even subconsciously. In an industry, the absorptive 
ability of a firm, most likely an effect spilled over from its leaders, affects the inno-
vativeness of the firm [54]. In engineering education, efforts should not be limited to 
only acquiring the CDIO knowledge necessary for technological innovation but also 
include recognition and cultivation of the important environmental conditions for 
innovative ideas to be brooded upon, pop out, and be recognized and selected.

Conceptual combination is a simple heuristic for generating imaginative ideas. It is 
made possible by the way human neurons may randomly combine with other neurons 
and generate new links between existing nodes. This automatic bottom-up process is 
accompanied by a top-down interpretation process that makes sense of the possible 
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relation(s) between or among originally unrelated nodes (concepts) and generates new 
concepts. Life experiences and knowledge are indispensable components in the process, 
with the goal as the engine that ignites all the processes, decisions, and steps taken in 
CDIO phases of a technological innovation. A technological innovation project involves 
problems to be creatively solved for the first time in history. The final product is the joint 
effort of many experts and professionals. For a firm, heavy workload and time pressures 
are killers of a firm’s opportunity to think freely and the tendency to interact with one’s 
coworkers in good humor. In engineering education, providing training regarding the 
complete CDIO process in technological innovation and execution enables future engi-
neers to gain a broader perspective of their tasks at hand and prepares them with a mind 
that can solve problems more creatively. The bottleneck in the use of conceptual combina-
tion lies firstly in the time-consuming process of knowledge acquisition, not only within 
one’s own application domain but also across other domains, and secondly in the ability 
to come up with original interpretations, a kind of abstract thinking and hypothesis 
generation, for a novel conceptual combination. Broad interests, curiosity, and a quest 
for knowledge are few of the important traits to be cultivated in engineering education 
in order to achieve minds that value novel, creative ideas and that are willing to play with 
ideas imaginatively, take reasonable risks, and use labor wisely to implement new ideas.
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Creativity, Innovation and Shariah 
Compliance by the Malay Middle 
Class Women Entrepreneurs in 
Muslimah Fashion Industry in 
Selangor, Malaysia
Mashitah Sulaiman and Mohd Nazir Ahmad

Abstract

The element of creativity is a vital and interrelated subject to innovation of 
a product especially in the context of entrepreneurship and business. It is also 
mentioned by many Muslim and Western scholars in the development of an excel-
lent civilization. Thus, this chapter discusses the importance of creativity and 
innovation in the pursuit of Muslimah fashion among the Malay Muslim women 
entrepreneurs of the middle class in Selangor. This chapter also examines the 
factors that led to the involvement of women entrepreneurs in the Muslim fashion 
industry. In addition, this study also analyses the element of creativity and Shariah 
compliance in innovating Muslimah fashion among Malay women entrepreneurs in 
Selangor, an urban state of Malaysia. This study employs a qualitative approach by 
using interview techniques or oral history through purposive sampling. The sample 
was selected based on the criterion sampling and a total of ten (10) informants 
were involved in the study. Data were analysed descriptively using content and 
thematic analysis. In addition, observation methods are also utilised to strengthen 
data collection of the study. The findings indicated the importance of creativity 
and innovation in the production of Muslim fashion and design products.

Keywords: creativity, innovation, Shariah, middle class, entrepreneurs, civilization

1. Introduction

The creativity and innovation are essential elements which bloom the Muslim 
and Hijab fashion industry which is becoming a lucrative and a productive industry 
worldwide, in particular, Malaysia [1]. The emergence of Muslim fashion industry 
has been a product or outcome of the rise of the Islamic Resurgence in Malaysia since 
1970s. The recent growth of the Muslim Hijab fashion industry is fundamentally 
associated with the rise of Islamic awareness on the Muslim-Shariah compliance in 
Muslim-majority countries, not the rise of capitalism as claimed by Farhad [2]. Inside 
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the booming of Muslim fashion industry, the global fashion industry is now recognis-
ing the credibility of Muslim designers with Islamic faith to reflect the dynamic of 
Muslim fashion industry.

Such phenomenon can be seen not only in the Muslim countries like Malaysia, 
but also in Europe. What’s long been referred to as the “modest” fashion of Muslim 
women has grown into a major industry generating hundreds of billions of dol-
lars annually in the United States of America (US). For the first time, U.S. museum 
exhibited the Islamic culture within the context of fashion and it was opened in San 
Francisco’s de Young Museum in 2018. Jeffrey Brown [3] reports on why Muslim 
fashion that has previously been ignored is now gaining new attention. “It’s a fashion 
show in a museum, with an unusual focus. This is an exhibition of contemporary 
Muslim fashion, the first of its kind in the U.S., put together by the de Young Museum 
in San Francisco”.

The hijab fashion industry can be considered as the fastest growing consumer 
segment in the world and is viewed by designers and entrepreneurs as a critically 
significant segment in Malaysia [1]. Therefore, this paper aims to explore the contrib-
uting factors which lead to the involvement of the Malay Muslim women entrepre-
neurs in the Muslim fashion industry within the boundaries of Islamic principles. This 
paper also discusses the importance of creativity and innovation in the pursuit of the 
Muslimah fashion industry among the Malay Muslim women entrepreneurs of the 
middle class in Selangor. Additionally, this study also analyses the element of creativ-
ity, innovation and Shariah compliance in the Muslimah and hijab fashion trends 
among Malay women entrepreneurs in Selangor, an urban state of Malaysia.

2. Literature review

2.1 Relationship between creativity, innovation and entrepreneurship

Creativity, innovation and entrepreneurship are interrelated concept that could 
be abridged in a well-defined and clear association. Discussions on creativity and 
innovation are pertinent in research work because they are viewed as key components 
in the development of competitive advantage [4]. Creativity can be defined in many 
ways. Some researchers define it as a thought, and some researchers consider it as a 
process. Thus, creativity is defined as creating new and effective ideas. Being new 
refers to the purity and originality of an idea ([5], p. 74).

According to Oxford Dictionaries (2012), creativity is the use of imagination 
or original ideas to create something. Being creative requires constant effort on the 
part of the individual to refine solutions and ideas [6]. Secondly, creativity requires 
two basic elements which are originality and effectiveness ([7], p. 92). Originality 
is crucial for creativity; however, it is not sufficient. Ideas and merchandise that are 
basically original would possibly be useless very well. So again, originality is no longer 
by itself to be acceptable for creativity. Original things must be too advantageous to 
be creative. Like originality, effectiveness takes more than a few forms. Effectiveness 
may additionally take the structure of value. This label is pretty clear in the economic 
research on creativity; it is describes how initial and beneficial merchandise and 
thoughts rely on the current market, and extra clearly on the price and assets [7].

Other than that, creativity is something that happens when an individual creates 
or produces something that is unique as well as applicable, relevant, imaginative, 
innovative, or persuasive [8]. According to George and Zhou [9], creativity can be 
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defined as the formation or creation of ideas, clarifications or solutions that are 
relevant and practical [10].

Creativity is the outcome of an effort when an individual creates or produces 
something that is unique as well as applicable, relevant, imaginative, innovative, or 
persuasive [8]. Creativity is also the ability to make or bring into existence something 
new, whether a new solution to a problem, a new method or device, or a new artistic 
object or form ([11], p. 721).

According to a humanistic viewpoint, the creative person has the awareness and 
skills necessary to respond to catastrophe in transforming ways [12, 13]. As a result, 
the creative person can be seen as someone who is working towards self-actualiza-
tion and acquiring traits that are connected to mental health, such as subjective well-
being, resilience, optimism, quality of life, and other elements stressed by positive 
psychology [12]. Thus, creativity also can be summarised as the tendency to produce 
or recognise the ideas, other options, or possible possibilities to solve the problem, 
communicate and entertain us and other people. For that reason, in order for some-
thing to be creative it must meet the initial criteria of novelty and then prove to be 
appropriate, generative or influential to reach a higher status of creativity ([8], p. 3).

The relationship between creativity, innovation and entrepreneurship has been 
explained by Muhamad Izzuwan Shah et al. [14], Nakano and Wechsler [12] and 
Goh [15]. Innovation and creativity are often regarded to as the soul and the heart 
of a business [4]. The capacity to generate fresh concepts and find novel approaches 
to issues and opportunities is referred to as creativity ([14] Porter, in [16], p. 12). 
Innovation, on the other hand, is the capacity to use original approaches to challenges 
and opportunities in order to improve people’s lives or to benefit society. Innovation is 
the key challenges to economic growth and prosperity [17], especially in the context 
of dealing with the post Covid-19 pandemic [6].

Creative thinking is the cornerstone of innovation. Creativity is necessary 
for innovation, but it is not always enough. Innovation is the implementation of 
creative inspiration [4]. Innovation requires the adoption of new technology or 
management techniques within an organisation to accomplish a specific operational 
improvement [6, 18].

Many categories of innovation could be traced, such as administrative innova-
tions, incremental products, drastic products, incremental processes, and radical 
processes [19, 20]. The object, sector, volume, and strength all affect the different 
types of innovation. They are unconstrained, autonomous, and possess distinguish-
able characteristics. These are: market innovation, technological innovation, organ-
isational innovation, and product innovation [19, 21].

Although in an entrepreneurial sense there should also be a subsequent link to 
innovation and profitability in monetary and social terms ([22], p. 50), creativity has 
also been considered as the production of ideas or things that are fresh and potentially 
beneficial [23].

Therefore, entrepreneurship is the result of a process that applies both creativ-
ity and innovation to capitalise on marketplace opportunities in highly competitive 
market and global economy [15, 19]. Creating value for business and social communi-
ties by combining special public and private resources to take advantage of economic, 
social, or cross-cultural opportunities in a changing environment is another defini-
tion of entrepreneurship [22].

Numerous studies have shown a link between corporate creativity, innovations 
and survival. The success of any business depends on creativity and innovation [24]. 
Innovation can be regarded as the primary driver behind the survival and continuation of 
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businesses; it fosters their development and progress and increases their chances of suc-
cess in the future [25]. In summary, both creativity and innovation skills are essential in 
particular, to promote human potential by eliciting positive aspects of the individual [12].

2.2  The importance of creativity and innovation in entrepreneurship, business 
and global market

The importance and the role of creativity and innovation in entrepreneurship and 
business have been critically discussed by many researchers in the previous studies 
[5, 6, 14, 22, 26, 27]. In the recent changing global economy, the nature of business is 
moving from knowledge based to electronic economy or e-economy activities charac-
terized by creativity, innovation, entrepreneurship and imagination [22, 28, 29]. This 
could lead to increase competition in more business opportunities resulting from the 
increase impact of globalisation and technology [30].

Entrepreneurs can take advantage of these opportunities by using their creativ-
ity in ways that provide their business a competitive edge. It can support innova-
tion and commercial expansion while also having a positive social impact at large 
([22, 26, 31], pp. 49–50). It is crucial to emphasise creativity as a tool for future 
economies since innovation plays a part in successful economies [32]. The impor-
tance of creativity and innovation in producing new and innovative business ideas 
benefits and adds value to companies more. Innovation and creativity are now 
without a doubt necessary to enable a firm last a long period and remain competitive 
[14]. Therefore, incorporating creativity and innovation into the agenda for entre-
preneurship development is necessary for a nation to succeed and have on-going 
economic progress ([4], p. 1745).

In 1993, Synetics carried out some research about innovations in major busi-
ness in the United States of America. Similar findings come out of research by the 
Department of Trade and Industry in the United Kingdom ([16], pp. 16–17). The 
findings indicated that the gap between what leading corporations say about innova-
tion and what they did. The gap is large when 80 per cent of US companies said that 
innovation is very important to their business, but only 4 per cent say that they are 
good at it. These are clear indications of a consistent connection between a company’s 
commitment to innovation and its success in the marketplace. The findings that sup-
port this contention could be categorised into sales, profits, market share and innova-
tion budget. In order to increase a company’s chances of becoming a high-performing 
and successful organisation, the research suggests five fundamental techniques. The 
first is to increase the effectiveness of meetings. Second, launch official innovation 
initiatives or strengthen those that already exist. Third, look for outside inspiration. 
Fourth, encourage better communication and teamwork. Fifth, recognise what 
consumers and clients will request and want in the future ([16], p. 17).

Juliana et al. [4] investigate the impact of creativity and innovation on the growth 
of entrepreneurship. Prior to doing so, they combine the knowledge from numerous 
works of literature on creativity, innovation, and entrepreneurship that are based on 
Joseph Schumpeter’s viewpoints, theories, and studies on the growth of innovation 
and entrepreneurship. Using a survey design and Yemane sample size determination 
formulas, a valid sample of 257 participants had an impact on the study. Intriguingly, 
the matrix analysis showed a substantial correlation between innovativeness and 
creative thinking, as well as a negative correlation between entrepreneurship devel-
opment and technological advancement. This suggests that the development of 
technology supports creativity and innovation. Its direct impact on the growth of 
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entrepreneurship, however, was not considered to be very important. To discover the 
truth, this can be looked into further. As a result, this is a plea for policy framework 
and support for all nations aspiring to economic achievement, not just Nigeria.

2.3 Muslim and hijab fashion worldwide

The word “hijab” is literally means to veil, to cover or to screen ([1], p. 476). 
According to Ismail Raji’ al-Faruqi, Hijab means the covering of a Muslim woman or 
the Islamic style of dressing for women ([33], p. 28). The English word “scarf” and the 
Arabic term “hijab” have been used interchangeably, but the hijab has cultural connota-
tions in many Muslim countries. Mohamood [34] illustrates that traditional and contem-
porary Islamic scholars and sociologists consider the veil as an assurance for the integrity 
of women and a protection from being used as a sexual object by predators. The term 
“hijab” in this study refers to the headscarf or veil that covers the hair of Muslim women 
when they are dressed appropriately and modestly. Muslim women show their identity 
and spiritual faith by donning a headscarf as a cultural and religious ritual [35]. Thus, 
there are inner and spiritual meanings for wearing the veil in the physical realm. It only 
portrays physically a lesson that must be understood spiritually [35].

In recent years, the hijab has emerged as a sign of Islamic consciousness, as more 
women are considering wearing the hijab as a symbolic of their conviction and 
dedication to be part of an Islamic Resurgence [36–50] especially in countries where 
wearing it is not compulsory or in non-Muslim countries [51] ([1], p. 477).

It is now possible to redefine the Muslim sign as a result of the hijab’s growing 
popularity. The popularity of “Muslim women who dress stylish and/or make fashion-
able garments, while orienting towards what is being proposed by their religion in 
terms of attire” (hijabists or hijabistas), also known as “Muslim women who wear the 
hijab,” has contributed to the emergence of the hijab fashion ([52], p. 161).

As a result of the growth of Muslim fashion media, bloggers, designers, and 
merchants, Muslim women today have more options for Muslim clothes, designs, 
and styles than ever before [53]. Siti Hasnah and Harmimi [1] summarised Wilson’s 
[54] conclusion that the hijab fashion trend went as far as offering loose clothing by 
bridging communities locally through producing hijab fashion that stick with Muslim 
cultural terms and extending these offerings globally to eagerly awaiting Muslims 
consumers around the world. The current hijab fashion trends make an effort to 
update a modest look while preserving the fundamentals of traditional and cultural 
beliefs. This fashion produces a new style and trend for Muslim women who are fus-
ing fashion with their Islamic faith, giving off a revitalising contemporary feeling of 
elegance and vigour.

As a transformational socialisation tool for Malay-Muslims in Malaysia’s hetero-
geneous society, Nurzihan Hassim [55] explored the hijab, or the act of veiling. Using 
images of veiled Muslim women who are primarily Malay, the hijab was presented in 
the media as a progressive life style. Aside from Islamic upheavals and the globalisa-
tion of veiling in Muslim-majority nations, local socio-political changes have com-
modified the hijab as a Malay sovereignty-produced item rather than a representation 
of religious responsibility. Malay-Muslim women are more likely to be exposed to 
media messages that challenge traditional Malay-Muslim stereotypes as a result of the 
fusion of old and new media channels. The study investigates the local hijab phe-
nomenon by analysing media coverage of it and its impact on viewers’ attitudes and 
behaviours. Findings show that accessibility and diversity of content resonate with 
acceptance of this dynamic cultural identity.
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Siti Hasnah and Harmimi [1] explore the factors influence the fashion conscious-
ness in hijab fashion consumption among Muslims. The predictors of hijab fashion 
consciousness and consumption has been examined. Muslim women in developing 
countries, in particular the Muslim countries such as Malaysia whereby the number 
of educated, employed women has increased, and the country has changed and 
progressed from a traditional to a modern lifestyle. They have changed into contem-
porary, affluent Muslim women who adhere to the Shariah’s dress code by dressing 
modestly and donning the headscarf. Because of this, the hijab fashion among 
“Muslim women who wear fashionable attire with matching fashionable headscarves” 
known as “hijabistas” is thriving.

Utilising the convenience sample method, data were collected by distributing 
questionnaires to Muslim women who attended the 2014 Kuala Lumpur International 
Hijab Fashion Fair. SmartPLS was utilised to analyse a total of 345 final usable data. 
The results show that fashion consciousness is positively influenced by dressing style, 
fashion motivation, fashion uniqueness, and fashion knowledge sources, which in 
turn adversely impact hijab fashion consumption which in line with the Shariah-
compliant dress code [1]. Even though, Siti Hasmah dan Harmimi ([1], p. 490) have 
revealed their important outcome based on the conceptual framework, but the study 
should not ignore the important construct for Muslim products consumption, that is 
religiosity or religious values in the instrument of hijab consumption. This has been 
realised by both of them in their limitation and suggestion for future research state-
ment: “In terms of construct, future studies must focus on other constructs, such as 
religious values or religiosity, in the Hijabista market segment”.

Due to pandemic restrictions, foot traffic at retail establishments has decreased, 
which has negatively impacted modest fashion as well as the rest of the fashion busi-
ness ([56], p. 5). Sales have been saved, nonetheless, thanks to the shift towards multi-
channel marketing and e-Commerce. The modest luxury fashion company Elle B Zhou 
used a 3D virtual representation of a Saudi model for its introduction, and the Turkish 
modest fashion powerhouse Modanisa introduced a new network in Malaysia with an 
online fashion show. Regularly through partnerships, mainstream clothing compa-
nies have continued to introduce their own lines of modest clothing. Muslim fashion 
spending expanded by 5.7% in 2021, from USD$279 billion to USD$295 billion, and is 
projected to expand by 6.0% in 2022 to USD$313 billion and USD$375 billion in 2025, 
for a 6.1% for a four-year Compound Annual Growth Rate (CAGR) [56].

2.4 Shariah compliance in the Muslim dress

According to Ismail Raji’ al-Faruqi, ([33], pp. 36–37), al-Shari’ah means the col-
lection name for all the laws of Islam, including Islam’s whole religious and liturgical, 
ethical and jurisprudential systems. Shariah is an Arabic word which means the path 
that should be followed by Muslims [44]. Moreover, Shariah also means the totality of 
Allah’s commands which regulate life for every Muslim in all aspects of life [57].

Syariah compliance is a term used to describe the practise of adhering to the laws 
obtained from the Qur’an, the Prophet Muhammad’s Sunnah, agreement, anal-
ogy, and other acceptable and approved sources derived from these beginnings. 
These sources are used by the legal expert to determine which laws were most likely 
intended by the lawgiver [58]. In regard to the general guidelines in Islamic fashion 
for Muslim women, Hanisa et al. [59] describes that there are about 500 verses from 
the Quran and more in the Hadith regarding women’s dress that should be followed by 
the Muslim women. Allah SWT mentioned in one of these verses as below.
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“O Prophet, enjoin your wives and your daughters and the believing women, to draw 
a part of their outer coverings around them.110 It is likelier that they will be recog-
nised and not molested.111 Allah is Most Forgiving, Most Merciful.”

(Al-Quran, Chapter Al-Ahzaab, 33: verse 59).

In general, the regulation written in the Quran and the Hadith, are meant to protect 
women from harm [59]. Some of the major guidelines can be summarised in Table 1.

Islam has never prescribed a particular design style for Muslims to obey, despite 
the rules stated in the holy book of the Quran and illustrated with numerous examples 
in the Hadith. Despite being very generic, the command contains detailed instruc-
tions for Muslims to abide with. Therefore, Muslim women have the option to 
interpret the guidelines in light of their culture, environment, or activity, as long as it 
adheres to the instructions provided [59].

Both the Qur’an and the Sunnah place a strong emphasis on maintaining modesty 
when it comes to attire and style. Many popular aspects of Muslim dress, such as wear-
ing longer-length clothing with more body coverage, opaque fabrics, and looser fits, 
reflect this ([56], p. 11). These still stand as some of the key characteristics that define 
what constitutes a garment as “modest” among Muslims around the world, despite the 
varied definitions of “modesty.” Muslim nations are placing an increased emphasis on 
employing halal products and sustainable and ethical manufacturing processes [56].

Entrepreneurship within the framework of the Shari’ah compliance presents the 
impact that the Islamic religion has in the areas of realm of operation, financing, the forms 
of business, innovation, consumerism, women entrepreneurship, and social interest [60]. 
In the case of Muslim hijab fashion industry, the element of creativity and innovation in 
each piece of art and creative design must be complied with the Shariah principles.

Fundamental guidelines Rationale of the principles

Garment must cover the whole body from unpermitted 
man (non-mahram)*

In general, every guideline instructs Muslim 
women to avoid drawing attention to themselves 
by exposing any part of their bodies. Although not 
all guys have a bad desire for women, the advice is 
meant to prevent it.

Dress must not be transparent or semi transparent

Dress must not be tight fitting that will resembles the 
body shape

Not to use strong perfume until it will draw attention 
of others

Not to show off their jewellery or even make indication 
of it (like sound from a bell) as it may led to larceny.

Not to dress like non-believer (by not covering their 
aurat4. They must not display act to attract men.

A Muslim woman must differentiate themselves 
from the non-believer by dressing according to the 
guidelines; but still not losing their grace as woman.Dress should not resemble as men

Garment must not to be a form of showing honour/ 
wealth

Men and women should be humble by not showing 
off their material comfort or being arrogant.

Source: Hanisa et al. ([59], p. 455).*Non-Mahrams or Ghayr Mahrams are any males that a woman is allowed to marry 
(such as a cousin or any random Muslim male), as well as any males that are currently prohibited from marriage but may 
one day be allowed to wed if certain conditions alter. To put it another way, a Muslim woman who is previously married 
is not allowed to marry another Muslim man while she is still married. She may, however, marry another Muslim man 
after divorcing her current spouse and completing the “Iddah” (waiting time following divorce). Source: http://www.
islamicinformation.net/2008/07/mahram-in-islam-explained.ht ml (29.10.13).

Table 1. 
Fundamental guidelines in Islamic fashion for Muslim women.
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2.5 The concept of the middle class

Being affluent, educated and agent of social change, the middle class gain 
 prominence by their income level, and become a pressure group in struggling to the 
issues pertaining social change and socio-economic development [61], ([62], p. 131), 
[63]. This study uses a combination of occupational categories and household income 
to define the middle class based on the most recent measurement of social class status 
from a Malaysian perspective. According to the Tenth Malaysian Plan 2011–2015 
(2010), the middle 40% of Malaysians’ household income in 2009 ranged between 
RM 2300 to RM 5599, while the top 20% of Malaysians’ household income was greater 
than or equal to RM 5600.

Wan Nor Azriyati et al. [64], categorise the lower-income category includes indi-
viduals who earn less than RM1000, the lower-middle income category includes those 
who earn between RM1,501 and RM2,000, the middle-middle category includes those 
who earn between RM2,001 and RM4,000, the upper-middle income category includes 
those who earn between RM4,001 and RM6,000, and the high income group includes 
[64]. The household income range outlined in the Government Transformation Plan 
2011–2015 document and Wan Nor Azriyati et al. [64], as well as the occupational 
model of Abdul Rahman Embong [65], are all modified as a guide for this study [61]. 
Moreover, Malaysia Standard Classification of Occupations 2008 [66] has classified 10 
classification of major occupations as follow (Table 2).

From these occupational model and household income range, the middle class 
can be divided into two groups: those who earn between RM 2301 and RM 5599, 
and those who earn between RM 5600 and RM 10,000 or more and are considered 
upper-middle class. According to the aforementioned classification, professionals, 
technical, administrative, management, clerical, and service sector individuals 
who earn a minimum monthly household income of RM 2300 to RM 10,000 or 
more are considered middle class [61]. In the context of the current study, the 
Malay women entrepreneurs have been categorised with these range of occupation 
and household income.

Group Occupations

1 Managers

2 Professionals

3 Technicians And Associate Professionals

4 Clerical Support Workers

5 Service And Sales Workers

6 Skilled Agricultural, Forestry, Livestock And Fishery Workers

7 Craft And Related Trades Workers

8 Plant And Machine Operators And Assemblers

9 Elementary Occupations

0 Armed Forces

Source: Malaysia Standard Classification of Occupations 2008, 2019. Available from: https://www.jobsmalaysia.gov.
my/emasco/pengenalan-emasco#home.

Table 2. 
Major occupations in Malaysia standard classification of occupations 2008 [66].
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3. Methodology

This study employs a qualitative approach by using interview techniques or oral 
history through purposive sampling. The sample was selected based on the criterion 
sampling. A total of ten (10) informants who reside and were involved in the study. 
Data were analysed descriptively using content and thematic analysis. In addition, 
observation methods are also utilised to strengthen data collection of the study.

3.1 Research design

This study is primarily conducted based on exploratory qualitative methodol-
ogy for this multidisciplinary of sociology and religious study. Documentation of 
experiences and knowledge through the semistructured in-depth interviews with 
10 informants of the Malay middle income class group of women entrepreneurs was 
conducted using interview or oral history technique. The informants were chosen 
from a group individuals who are pioneers, who started their active involvement in 
Islamic activities in the 1970s in Selangor. Being pioneers in the Muslimah fashion 
industry, they share common thoughts and experiences with regard to the resurgence 
of Muslim and hijab fashion industry in Malaysia.

Interview sessions were conducted with selected representatives of the Malay 
women entrepreneurs in the group of the upper-middle and middle-middle income 
classes to obtain their insights and opinions on creativity and innovations and its 
relations to Shariah compliance. A semi-structured interviewing protocol was created 
to investigate the traits, behaviours and views of the Malay women entrepreneurs in 
Selangor, Malaysia. Instead of relying on the earlier literature, the semi-structured 
interview process encouraged the informants to emphasise the topics they thought 
were most crucial. According to Adams [67], semi-structured interviews are ideal 
for a variety of useful activities, especially when several of the open-ended questions 
call for follow-up questions. Adams [67], then proposes to consider using SSIs in the 
following circumstances in particular:

• If you want to learn about each person’s autonomous opinions in a group and you 
need to ask probing, open-ended inquiries.

• If you want to use probing, open-ended questions to elicit information on 
subjects that focus group participants might not be willing to discuss openly.

• If you want to carry out a formative programme evaluation and want private 
interviews with important programme administrators, employees, and front-line 
service providers.

• If you are looking at unexplored region with unknown but potentially important 
issues, and your interviewees require the most freedom to identify and investi-
gate useful leads.

From the transcripts of the interviews, the researcher extracted themes or dimen-
sions. Descriptive and content analysis were used to examine the developed themes 
and dimensions. Thematic analysis (TA) which is proposed by Braun and Clarke [68], 
which later revised to their contemporary approach, known as Reflective Thematic 
Analysis (RTA) [69–73] was used to guide this study.
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3.2 The selection of informants

Sample in this qualitative research was selected purposefully guided by a set of 
criteria. This research employed purposeful sampling for the reason that it would 
be able to understand the phenomenon of Muslim fashion industry and how it 
could influence on the Malay women entrepreneurs in Selangor to participate in this 
industry. The strategy for purposeful selection of information-rich cases is based on 
a specific type of purposeful sampling, that is criterion sampling proposed by Patton 
[74]; [61, 74]. According to Patton [74], the purpose of criterion sampling is to pick 
all cases that meet some criteria. Selecting examples with lots of information allows 
for deeper analysis, which is the rationale and power of deliberate sampling. The term 
“purposeful sampling” refers to selecting examples with the intention of learning as 
much as possible about topics that are essential to the investigation’s goal. Instead of 
producing empirical generalisations, studying “information-rich cases” or situations 
which produces insights and thorough knowledge ([74], p. 169). In the context of the 
current study, the samples chosen fit the set of criteria.

Three criteria were used to justify the sampling strategy used in this study. First, 
a sample was picked using a categorical selection method, with Malay women entre-
preneurs from the middle class as the representative group. Second, Selangor is home 
to many successful Malay women business owners. Third, the Malay women business 
owners chosen for the study are those who worked in Selangor’s Islamic and Muslimah 
fashion industries.

In order to calculate the sample size, the principle of data saturation was applied, and 
new participants were added until further data stopped to provide fundamentally novel 
and unique insights. According to Mwita [75], when a researcher realises that they have 
gathered all the necessary data and that there is no longer any fresh, pertinent information 
or data that can be obtained from the study’s respondents or subjects, this is referred to as 
saturation [75, 76]. Saturation typically means that a researcher needs to stop gathering 
new data for a certain topic. Data saturation has been widely employed in social science 
research and has emerged as one of the key components of the qualitative approach, which 
has its origins in the Glaser and Strauss grounded theory (1967) ([75], p. 414). Therefore, 
in the context of the current study, at a sample size of 10, data saturation occurred.

3.3 Data analysis

Meaning data was collected through the interviews. The average duration of each 
interview session was two and a half hours, and with the informants’ consent, the 
interview sessions were audio-taped in their entirety and transcribed verbatim result-
ing in 345 pages of data. The transcription of the interviews was then converted into a 
Microsoft Word document.

The transcripts were analysed by categorising the text according to a six-phase 
process proposed by Braun and Clarke [69], which are described in Table 3. Thematic 
Analysis (TA) is utilised to analyse and combine massive amounts of data from natu-
ralistic settings into insightful descriptions [68]. TA provides a technique for finding 
patterns or themes of meaning in a dataset and for interpreting and understanding 
their significance [69].

Thematic Analysis (TA) principles were manually applied to the data in order to 
find patterns of meaning that underlay the transcripts. Before categories were created 
and given names, this included a very iterative process including comparative analysis 
of patterns that emerged from the data.
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4. Findings and analysis

This study involves 10 Malaysian Malay women entrepreneurs as the informants. 
A brief background of the informants is as follows:

As stated in Table 4, that the Malay women entrepreneurs from the group of 
upper-middle and middle-middle income class informants who were involved in the 
Muslim fashion industry are the adults between the ages of 20 to 45 years old. This 
means that the informants’ year of birth is between 1973 and 1998. The informants 
also lived in main urban cities of Selangor, namely Shah Alam, Bangi, Klang, Kajang, 
Selayang and Puchong, Petaling Jaya.

The Malay women middle income class entrepreneurs were chosen from diverse 
background of education. Albeit having considerably good academic qualifications 
in different disciplines, they have shown relatively similar convictions to religious 
commitment in implementing Shariah principles in their dress and fashion designs. 
In fact, their educational background does not limit their quest to exhibit signifi-
cant manifestations of their faith in thoughts and practices as well as demonstrate 
their religious responsibility through the Shariah-compliant products. Most of the 
informants demonstrated significant adherence to the religion of Islam and thus 
resulting in high commitment to religious obligation in which their prepare more 
choices in the Islamic dressing design and fashion for Muslims either in the national 
and global market.

The following discussion is divided into several sub-themes, as to highlight the 
elements of creativity, innovation and the Shariah compliance in the Muslim fashion 
industry and how Islam has impacted the lives of the Malaysian Malay women entre-
preneurs in their profession as key players of Islamic fashion industry in Malaysia.

4.1  The factors that led to the involvement of women entrepreneurs in the Muslim 
fashion industry

Various factors have been contributed to the involvement of the Malay Muslim 
women entrepreneurs in the urban state of Selangor in the Muslim and hijab fashion 

Phase Examples of procedure for each step

1. Familiarising oneself with the data Transcribing data; reading and re-reading; noting down initial codes

2. Generating initial codes Coding interesting features of the data in a systematic fashion across 
the data-set, collating data relevant to each code

3. Searching for the themes Collating codes into potential themes, gathering all data relevant to 
each potential theme

4. Involved reviewing the themes Checking if the themes work in relation to the coded extracts and the 
entire data-set: generate a thematic ‘map’

5. Defining and naming themes On-going analysis to refine the specifics of each theme; generation of 
clear names for each theme

6. Producing the report Final opportunity for analysis selecting appropriate extracts; 
discussion of the analysis; relate back to research question or literature: 
produce report

Source: Szedlak et al. [77].

Table 3. 
Six-phase thematic analysis procedures by Braun and Clake [68].
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industry. Based on the transcriptions of the interview sessions with the informants, 
five thematic factors have been grounded and emerged. The factors are religious 
responsibility for the sake of the Ummah; self interest in entrepreneurship, family 
support, positive attitude towards success and improving soft skills for survival. The 
emerging factors could be described as the followings:

4.1.1 Religious responsibility for the sake of the Ummah

The conviction towards religious responsibility has been the driving force of their 
career undertakings. Some of Malay women entrepreneurs put preference on their 
convictions before their career. This has been due to many reasons, such as the serve 
Muslim with wudu’-friendly and maternity designs which has led to religious commit-
ments. Such religious awareness is intrinsic in nature.

“The products supplied and produced must be coincided with the Islamic law. For 
me, the Muslimah fashion products must comply with the Shariah compliance itself 
in order to avoid defamation from God” (I1).

“As a Muslimah fashion designer and entrepreneur, the element of creativity and 
innovation should be harmonized with the Shariah-compliant…. We try to convince 
our customers that we will always produce the best for the adherents of the Muslimah 
fashion who always put their confident on our collections” (I2).

“I produce the designs that the Arabic-style robe (jubah) that are wudhu’-friendly 
and I do not use materials that could expose and fit tightly to human body, like lycra 
fabric. And other products that I have produced are for example, the “A-cut Muslimah 
t-shirt”. This design would be loose and comfortable for big size individuals” (I6).

“Actually, at the beginning, I am really not interested to start a business, but the world 
has changed. I am now happy and very grateful to thank Allah SWT [syukur], and 
Alhamdulillah, because now, I really love, admire and happy and even deeply inter-
est in my own business that promotes the Muslim fashion products to serve for the sake 
of Ummah. This is my jihad and da’wah in economics” (I7).

Identity Position in the Muslim 
fashion company

Level of 
education

Age Place of living

Informant 1 – I1 Manager Degree 41 Shah Alam

Informant 2 – I2 Supervisor Diploma 28 Kajang

Informant 3 – I3 Founder Degree 30 Shah Alam

Informant 4 – I4 Founder Degree 27 Shah Alam

Informant 5 – I5 Co-founder Diploma 20 Puchong, Petaling Jaya

Informant 6 – I6 Founder and Manager Diploma 22 Selayang

Informant 7 – I7 Co-founder UPSR 30 Klang

Informant 8 – I8 Supervisor SPM 45 Shah Alam

Informant 9 – I9 Founder Degree 29 Bangi

Informant 10 – I10 Founder Degree 29 Bangi

Table 4. 
The background of the Malay middle income class informants.
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“Our designs are produced on the costumer design basis. They may suggest their own 
design exclusively and we offer an advice to the designs that still preserve the Shariah 
principles, especially covering the aurah of the customer” (I9).

“As an entrepreneur, this is my responsibility to offer a collection of garments that 
certified with the Shariah-compliant verification as well as stylish recent fashion. I 
think that the basic aspect of the Shariah such as covering aurah must be considered 
in advance” (I9).

“Any creativity effort in designing a product need to put a priority on the aspect of 
aurah which should be covered properly. For that reason, I choose fabrics that do not 
cling to the customers’ body as well as offers the best design for the customers” (I10).

4.1.2 Self interest in entrepreneurship

Entrepreneurial interest or inclination is described as motivating factor that 
affects the individual to pursue in an entrepreneurial venture [78]. According to 
Bardai [79], the absence of deep interest for running a business will lead to the failure 
in entrepreneurship. This is proven by the description given by Arifin and Sabaruddin 
[80], who emphasised that a high interest can encourage and inspire someone to be 
persistent when dealing with risk.

Moreover, positive interest in a particular field of endeavour is the key to one’s 
success. Individual interest enable someone strives towards something desirable. 
Otherwise, lack of interest would influence the determination of a person and thus 
would degrade the performance of its achievements in a particular field. The results 
showed that all informants have deep interest in entrepreneurship and business.

“Most people who start a business in order to seek the money. Money is a leading 
motivating factor to start a business, but I did a business due to my personal interest. 
Self-interest has motivated me to continue studying in this field to ensure that my 
business could be succeeded and lead to the progress in the coming years” (I6).

“Actually, at the beginning, I am really not interested to start a business, but the world 
has changed. I am now happy and very grateful to thank Allah SWT [syukur], and 
Alhamdulillah, because now, I really love, admire and happy and even deeply inter-
est in my own business that promotes the Muslim fashion products to serve for the sake 
of Ummah. This is my jihad and da’wah in economics” (I7).

“I have intensely interested in business since primary school to find my own pocket 
money for the reason that my family who lived in a simple life request e to work hard 
for survival” (I3).

“I really have a deep interest in the Muslim cloth design, so I do not really look for the 
profit solely, because I am more concern about customer satisfaction and acceptance” (I4).

“A deep interest and dedication in the world of business had been contributed to my 
serious involvement in this arena despite many challenges that I faced” (I5).

4.1.3 Family support

Some informants describe that family support and encouragement help them 
to develop their interest in business. Family is not just a focal factor of their success 
in business, but also become a backbone that always back them up when they face 
tribulations and problems in business.
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“My husband is a very supportive mate of my life. He continues to support me at 
home with my children. We do many activities together, playing and studying with 
children. My husband helped me to create an online business and manage to run 
online marketing to increase sales and purchases” (I1).

“My father and my sister also had involved in business. I have experienced and started 
to study business since my childhood because I always follow my father in managing 
our family business” (I2).

“I manage to begin my business since I was studying at the university. At that time, I 
did not have enough capital and investment to start the business. Fortunately, I have 
my family that had provided me motivational and financial supports to start my 
new business and starting from that I managed to involve in entrepreneurship of the 
Muslim fashion” (I4).

The informants’ convictions about the role of the family which contribute to their 
involvement in business have been explained by many researchers. Parents have crucial 
and significant roles to generate and inculcate interest in their children based on their 
free wills and choices. The previous studies show that parental influence on learning 
helps to encourage and inculcate good values and even this interest in individuals did 
not exist at the first place [81]. Moreover, Desforges and Abouchaar [82], also suggests 
that positive attitudes of parents and their encouragement would help to increase 
interest in children and improve their achievement, particularly in academic and 
school performance.

4.1.4 Positive attitude towards success

Most of the informants also show their positive attitude and enthusiasm towards 
success in business as well as throughout their life at the first place. Such positive atti-
tudes for example, responsibility, positive thinking, put an effort to help the family 
in term of finance, improve social mobility and standard of living, working indepen-
dently without hoping for others’ assistance, being self-confident and self-reliant. 
These were shown through some of their confessions as follows:

“As the eldest in the family, I feel responsible to help my family as well as this could 
increase our social mobility and standards of living in term of economic. For example, 
we need to have a high income and to have a big car and big house” (I3).

“I prefer to carry out my works without depending on other assistance. This is because 
I feel free to make any decision by myself ” (I4).

“Not everyone likes to be instructed by someone else and that is why I decided to stop 
working in the previous company. I’m a person that do not like to work under an 
authoritarian leadership and I want to do work that I really love. In other words, I 
want a freedom to do things that I like and do not involve other people who could give 
the instruction on me” (I5).

Attitude is an abstract value that shape in the mind of the individual. It can create 
the perception in the individual [83]. To develop the interest of the individual in 
entrepreneurship and business, Mohammed Idris [84] advocates that a person’s beliefs 
must build his or confident that he or she could succeed in this field. This optimistic 
attitude towards success is a very significant step that determine the future prospect 
of someone’s life.
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In addition, Mohd Osman [83] had listed some attitudes that are needed to be a 
successful entrepreneur. These are self-reliance, perseverance, creativity, innova-
tion, receiving the challenges, hope and ambition, to see and grasp the opportuni-
ties, self-confident in individual’s ability, energetic, enthusiasm, hardworking and 
good effort.

Even in the case of disabilities students, the parents and school should educate 
their students to build their positive attitude. For example, U.S. Department of 
Education [85] had addressed that the attitude and self-advocacy skills of students 
with disabilities may be two of the most important factors in determining their suc-
cess or failure in postsecondary education. To ensure that students with disabilities 
possess the desired levels of self-advocacy to succeed in postsecondary education, 
high school educators may want to encourage the students to: First, understand their 
disabilities. Second, accepting responsibility for success, Third, take an appropriate 
preparatory curriculum. Fourth, acquire computer skills. Fifth, consider supplemen-
tal postsecondary education preparatory programs. Sixth, research postsecondary 
education programs. Seventh, get involved on campus.

4.1.5 Improving soft skills for survival

In addition to the previous factors, the informants’ involvement in entrepreneur-
ship has been triggered by their effort to improve the soft skills for survival. The 
followings are some of the informants’ reasons for conducting business in the Muslim 
fashion industry.

“I have sewing skills and I realize that these skills can help me to earn more money 
and gain more profits. At first, I just sewed clothes as free time activities. Furthermore, 
I began to receive customers’ orders for tailoring from nearest neighbors and friends. 
From there, I started to seriously involve in business, and I had decided to lunch a 
Muslim dressing and gauze boutique” (I2).

“At the beginning, I manage a business through social media, such as blog. From there, 
I managed to develop social relationship with other people who eventually become 
customers, agents and suppliers via online business without physical face to face 
communication” (I4).

“I am a friendly and verbose person. I like to ask other opinions, so that I can practice 
effective communication when dealing with the customers, the competitors and sup-
pliers. Such skills are significant in business for the purpose of improving the quality 
of the products, as well as to gain better profits for both parties, the owner and the 
customers” (I5).

The ability to use the internet and social media is the pre-requisite soft skills 
to market goods or product worldwide. Local entrepreneurs also need to think and act 
creatively in generating and stimulating unique ideas for their product. This includes 
to demonstrate the physical and non-physical products which could be the assets for 
business [86]. For example, the physical product can be viewed from the production, 
packaging, and branding, whereas the non-physical aspects can be viewed as manag-
ing a network of social communication with customers, family, followers and society 
in general. Thus, someone who has knowledge, the ability and expert in designing a 
business via social media communication has advantage to market their products very 
fast through this medium.
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The findings of the previous studies also demonstrated the similar results that 
network relationships are important to entrepreneurs as they provide access to 
resources that are an important component in the entrepreneurial process [87]. In 
addition, seizing information is a very important skill for entrepreneurs in generating 
a market, making decisions, or solving problems [88]. The benefits of networking 
will engage these women entrepreneurs in entrepreneurial activities such as scanning, 
for, recognising and exploiting business opportunities [89]. This networking as the 
acquired soft skills could motivate Malay Muslim women entrepreneurs to involve in 
the Muslim fashion industry worldwide.

4.2  The importance of creativity and innovation in the production of the 
Muslimah fashion among the Malay Muslim women entrepreneurs of the 
middle class in Selangor

Most of the informants viewed that creativity and innovation are significant 
aspects in the production of any design of the Muslim fashion. These two elements are 
interconnected and crucial to attract customers and publicise the products either at 
the national and global market.

“Creativity and innovation in fashion are the factors that could attract customers to 
buy our products. If there are no such both creativity and innovation, the collection is 
not in line with the trendy fashion that being implemented by other competitors. Both 
are important in Muslim fashion due to customers’ demand, and they always request 
the different and unique designs for daily and occasion dress” (I1).

“The creativity and innovation are interrelated elements. Creativity can be 
described as a simple thing that attract others. Creativity also should be applied 
by fashion designers or people who involve in the Muslim fashion industry. They 
always have ideas in producing a product. So, from such creation and unique ideas 
it could improve the innovation of the product to be accepted in the market. The 
element of creativity and innovation are important in the creation of dressing and 
hijab designs” (I2).

“Both creativity and innovation are the most important elements in the production of 
fashion design. The creativity in the collection could help to increase selling and retail 
in which these are very much dependent on the design that has been produced” (I3).

“The creativity is an important part of fashion. Innovation is a process of implement-
ing creativity in the different way in line with the latest design and trends. With the 
creative design, it could attract customers to buy the product” (I4).

“Creativity is a talent that has been given by Allah SWT. It can also be learnt. I have 
no basic knowledge about fashion and have never studied in the university or any 
other learning institution. But I have learnt Muslim fashion from personal experi-
ences. This element is very important in the Muslim collection, and this could be the 
reason why we promoted our products” (I5).

4.3  The implementation of the Shariah compliance in designing creative and 
innovation Muslimah fashion design

Almost all informants understand their obligation to apply the Shariah-compliant 
aspects in designing any creative and innovative design for Muslim customers. This 
indicates that they realise on their religious responsibility to provide and promote a 
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proper Shariah-compliant design for the Muslim fashion such as in dress, garments 
and head scarf. There are significant relationship between creativity, innovation and 
the Shariah-compliance in designing the Muslim fashion that can be proved through 
the informants’ convictions.

“Shariah compliance is an Islamic principle of law. The Islamic law is primarily 
based on The Quran and as-Sunnah. The products supplied and produced must 
be coincided with the Islamic law. For me, the Muslimah fashion products must 
comply with the Shariah compliance itself in order to avoid defamation from 
God” (I1).

“As a Muslimah fashion designer and entrepreneur, the element of creativity and 
innovation should be harmonized with the Shariah-compliant. These are imperative 
pre-requisite to our products in order to avoid any perception that the product is 
contradicted to the Islamic principles and is an obsoleted design. We try to convince 
our customers that we will always produce the best for the adherents of the Muslimah 
fashion who always put their confident on our collections” (I2).

“Cover the aurah is the most important thing of Shariah compliance in Muslimah 
fashion design, which is not too excessive to the principle of Shariah” (I3).

“Shariah compliance in Muslimah fashion is about covering the aurah that includes 
the private parts of women’s body, lowering the hijab or head scarf until it cover the 
chest. Shariah compliance is a vital aspect in the Muslimah fashion” (I4).

“The Shariah-compliant designs were characterized by covering the aurah of man 
and woman, the cloth must be loosed and not very tight or body-hugging until it 
would reveal someone’s skin, and the dress is suitable to be wore by all people” (I5).

“These three elements [creativity, innovation and Shariah Compliance should always 
be related one another. For example, how the producing ideas can be stimulated? Does 
it is aligned with what Islam teach? This means that when we produce a product, the 
material and design must be in line with the Islamic teaching” (I6).

“Using the creative thinking, it can inculcate and instill the Islamic values in Muslim 
fashion” (I7).

“From my understanding, they [creativity, innovation] are very closely interrelated 
to each other. Actually, most of our collection are abide by the Islamic principles. The 
products can be wore and suited to all level of society, elegant to the current trends 
and style with the sophisticated multi-cultural Islamic creative designs” (I8).

“Our designs are produced on the costumer design basis. They may suggest their own 
design exclusively and we offer an advice to the designs that still preserve the Shariah 
principles, especially covering the aurah of the customer” (I9).

“We combined the element of creativity, innovation and Shariah compliant in our 
collections and designs. For instance, we managed to use the up-to-date design, sug-
gesting the new trend and at the same time we also emphasize the elements that are 
complied to the Shariah” (I10).

5. Discussion

This study analyses the element of creativity, innovation and Shariah compliance 
in Muslimah fashion among Malay women entrepreneurs in Selangor, an urban state 
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of Malaysia. The findings were categorised by the three themes that emerged during 
the interviews. Each of the findings justified the contributing factors to the Malay 
entrepreneurs involvement in the Muslim fashion; the importance of creativity and 
innovation in the Muslim fashion; and the implementation of the Shariah compliance 
in the Muslim fashion among the Malay entrepreneurs in Selangor.

The findings indicate that five thematic emerging factors have contributed to the 
participation of the Malay women entrepreneurs in the Muslim fashion industry in 
Selangor. The study shows that the majority of the Malay entrepreneurs venture into 
entrepreneurship due to first, religious responsibility for the sake of the Ummah; second, 
self interest in entrepreneurship; third, family support; fourth, positive attitude towards 
success; fifth, improving soft skills for survival. These findings are in accordance to 
the previous studies that revealed on the various factors that lead to the involvement of 
women entrepreneurs in business [90–92]. The factors are for example, interest, ambi-
tion to become an entrepreneur, seeks for job satisfaction and desire to create a working 
environment suite to their personality. The finding of the study is also consistent with the 
previous studies that reveal that the combination of entrepreneurial factors has a signifi-
cant relationship with the success of an entrepreneur. Skill, knowledge, and adaptability 
in business are the main reasons for women to emerge into business ventures [93].

The findings also indicated that the role of family in particular, the parents are 
important social segment to inculcate good values and interest in children. The parents 
are responsible to provide not just the basic physical needs of their children, such as 
clothing, food and shelter, but most importantly, they need to give more attention 
to spiritual and religious needs in which these are the crucial facets in the individual 
development. Many studies have also proved that parental involvement and engagement 
in the early childhood, education and in making the decision, gave the positive impacts 
to their children’ success in life that shapes their children future prospect [94–101].

According to the report conducted by the Global Entrepreneurship Monitor 
(GEM) 2015, the involvement of women in entrepreneurship area are not only 
contribute for the development of country, but also reduce the level of poverty all 
over the world [102]. In fact, the involvement of women in entrepreneurship is very 
important in order to mobilise the economic model whereby it creates more oppor-
tunities which is more competitive and profitable [103]. In the Malaysian context, 
women entrepreneurs enter the business world due family commitment (for rural 
women & single mothers), personal achievement, independency, and autonomy (for 
corporate women) which are parallel to the pull theory [89].

All informants of the Malaysian Malay women entrepreneurs understand the 
concept of creativity, innovation and perceive the Shariah compliance in their designs 
and collections. They considered and took into account the Shariah compliant as the 
priority in their designs which signify and reflect their religious obligation and com-
mitment. The conviction to Islam has been the driving force of their career undertak-
ings. Some of Malay women entrepreneurs put preference on their convictions before 
their profession in business.

Today, creativity and innovation appear more significant than ever before, with 
these being seen as critical success factors for organisations and companies [104]. For 
every modern business to succeed in a world marked by competition, technological 
change, and recurrent crises of post COVID-19 outbreak, innovation has become 
essential [6]. The understanding of attitudes towards creativity and innovation and 
promoting of creative thinking within the organisation are pre-requisites to facilitate 
creativity in all employees [105, 106]. To increase the value of entrepreneurship, 
for example, creativity and innovation have become essential. In order to improve 
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current business practices, creativity is a great asset. Making a procedure that can 
turn an idea into a more saleable product or service is referred to innovation [14]. 
Therefore, the need and requirement for creativity and innovation are a key approach 
in entrepreneurship.

The Muslim fashion industry is rapidly growing worldwide. The sales volumes are 
raising, and the Muslim fashion companies have been significantly expanded their 
business empire to the Southeast East Asia, the United States, the Middle East and 
North Africa regions. Today, Muslim consumers spend a lot of money on dressing as 
a symbol of faith. The State of the Global Islamic Economy Report 2015/16 conveyed 
that in comparison to the current combined textile markets of the UK (USD$107 
billion), Germany (USD$99 billion), and India (USD$96 billion), Muslim consum-
ers are forecasted to spend USD$230 billion on clothes, with a projected increase to 
USD$327 billion by 2019 [107].

Muslim fashion consumers’ and designers’ decisions about clothing or other 
fashion products are influenced by religion [108] and culture [109–111]. While young 
Muslim women in Malaysia are currently expressing interest in Western design 
trends, they must also uphold Muslim principles about suitable wear. Therefore, they 
require reliable resources for fashion tips that reduce the social danger of consuming 
something illegal or for guidance on this new trend among Muslim consumers.

Based on the findings revealed by Aliman et al. [108], despite the hijab fashion culture 
being quite widespread in multicultural countries like Malaysia, the majority of Malay 
Muslim women who wear them do not consider them to be fashionable. They view 
wearing the hijab as a religious obligation rather than a fashion choice. In order to further 
strengthen Muslim religious identity and cultural diversity, the hijab is thus used as a 
powerful tool.

6. Conclusion

The Malay urban women entrepreneurs in the study show their dedicated religious 
commitment through Islamic branding of Muslim fashion. As described by Nurzihan 
([112]: 428) that the role of Malay-Muslim women in creating a renewed perception 
upon the hijab in the Malaysian public, pursuing a more liberated, Islamic identity 
whilst offering a renewed social construction of the Malay society. This renewed 
social construction could be viewed from the glance of media through the evolution 
of mass communication such as in print, broadcast and social networking channels.
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Chapter 7

A Worldwide Regression Analysis
of Relations between Creativity,
Innovation, and Quality
Management Culture, under a
Psychological Approach
Enriko Ceko

Abstract

This chapter aims to demonstrate the significant connections between innovation
and creativity, innovation and the culture of quality management, and creativity and
the culture of quality management globally as a response to the Crisis and Post-Crisis
Period. Since issues related to innovation, creativity, quality, and quality management
have recently attracted more attention than other topics globally, considering psy-
chological factors was of great importance, too. The methodology of the research
involved collecting data and information about innovation, creativity, and ISO stan-
dards application globally, in higher-income, medium-income developing, and low-
income developing countries. The main finding of this study is that there are relation-
ships between innovation and creativity, between innovation and ISO standards
application, and between quality management and creativity. The main conclusion of
the study is that quality management, which reflects and refers to the notion of
exceeding customer expectations by enhancing the quality of goods and services, is
correlated with culture, innovation, and creativity as a response to the Crisis and Post-
Crisis Period.

Keywords: creativity, innovation, quality management, quality culture, factors of
production

1. Introduction

In the neoclassical theory, land, labor, and capital were considered, but capital is
divided into fixed capital, labor capital, and financial capital. Regarding the factors of
production in the classical theory (Adam Smith, etc.) of economic studies, the factors
of production were considered land, labor, and capital. In the Marxist theory (Karl
Marx, Frederik Engels, etc.), it was considered labor, the subjects of work, and the
means of work. In environmental economics, production factors were known
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beginning in the latter half of the twentieth century, in addition to matter, energy, and
design intelligence, the entrepreneurial spirit started to be discussed as a factor in
production (entrepreneurship).

While this chapter emphasizes that innovation is a quality shared by employees as
well as entrepreneurs, some academics regard innovation as a component of entre-
preneurship. Accordingly, for innovation to occur, subjects or companies must estab-
lish the framework in which employees can carry it out.

Creativity is a prerequisite for innovation and cannot happen without it. When
there are enough and the right conditions, an individual can move from creativity to
innovation. This person is distinguished by their creative abilities. If the invention is
sound, the market will experience a competitive and comparative economic advan-
tage, which is further aided by ongoing quality improvement and the adherence to
and use of quality management systems and standards.

During the pandemic period, when the traditional view of factors of production
where labor, land, and capital were treated as the most important factors is almost
finished, as well as discussing only entrepreneurship, since entrepreneurship is the
most recent factor of production, the combination of early factors of production
(land, labor, and capital) with modern factors of production (entrepreneurship and
technological innovation) made it possible for many entities operating in different
sectors of the global economy to succeed [1].

For this reason, the components of products that were also taken into account in
this study include labor, land, capital, entrepreneurship, and innovation.

The past economic crises, particularly the one from 2007 to 2013, natural disasters
with a focus, pandemics, particularly the COVID-19 virus, have all increased the value
of a culture of quality management, innovative activities, and creative ideas, which,
when combined, have positive economic effects.

Inventions, as well as new ideas and concepts, were already associated with crea-
tivity. Currently, creativity receives more attention across several fields. This atten-
tion was mostly focused on the social sciences, humanities, economics,
entrepreneurship, health, agro-processing, education, engineering, philosophy, and so
on, and is primarily focused on ideas produced by the actions of both individuals and
groups of individuals [2].

Typically, innovation is defined as the combination of new features that leads to
meliorated and/or newly discovered goods, innovative processes, procedures, regula-
tions, record keeping, manipulations, manufacturing, improved penetration in
existing markets, introduction to new markets or clients, actualization of new models
of resource usage, meliorated business models, and so on.

In most cases, this is closely related to how creativity and innovation are
supported, the effectiveness of entrepreneurial activities (processes, procedures, reg-
ulations, orders, products, services, methodologies and methods, tools, technologies,
etc.), the human resources involved in these creative and innovative processes, as well
as the processes of quality and its management. The resulting goods and services are
marketed to clients as standalone goods and services or in combinations, primarily
through B2B, B2C, and B2G. These products are one-of-a-kind shoes of the highest
caliber at reasonable pricing.

This enables these products to enter the market more quickly and with lower
marketing expenses. Innovation does not need to result in an invention. It is sufficient
to have a product or service with a more practical application approach. Making
decisions to address issues related to enhancing the quality of life is today the primary
objective, and this unquestionably involves innovation. Therefore, new, novelty, and
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innovation all refer to the creativity that is shown in both individual and group
activities.

It makes sense that a business would need to make quality and cultural invest-
ments to attain, maintain, and manage creative and innovative operations.

The values of the previous work’s accomplishments and successes, as well as its
ongoing improvement, comprise the quality culture. It is precisely this approach to
culture in general and to the culture of quality in particular that makes it possible,
through interventions that correct and prevent low quality, to make it possible to offer
quality goods on the market at the most suitable prices for economic agents. It is
precisely this culture that makes it possible to improve the quality of the products and
services provided by various entities.

Successful businesses around the world appear to have had and now have a focus
on “doing the job well the first time.” This is demonstrated by (1) the development of
human resources both individually and within work groups, (2) the establishment of
tolerance and respect as the cornerstones of organizational communication activities,
(3) managerial responsibilities and procedures, and (4) entrepreneurial activity, as
fundamental, main values that unquestionably have a positive impact on the econ-
omy.

They are precisely ISO standardized, which technically embodies the quality cul-
ture. Both the public and private sectors have shown an increasing interest in ISO
standards in recent years, particularly during the pandemic. This was because these
standards were primarily concerned with the improvement of processes, procedures,
regulations, and data retention, which enables the further improvement of product
and service quality to meet consumer expectations.

The incorporation of managerial functions, such as planning, budgeting, leader-
ship, motivation, and control, into an organization’s day-to-day operations enables it
to further define and improve its quality policies, objectives, and responsibilities.
These managerial functions can be strategic, operational, or applied, and they enable
an organization to put these policies, objectives, and responsibilities into practice
through ongoing improvements in the caliber of its products and services. This occurs
every day. This is precisely what ISO standardization and quality management system
are for.

2. Literature review

The reason why the literature on quality and its management, creativity and
creative abilities, innovation and novelty, and so on, continues to advance, expand
with new knowledge, and develop more and more on a scientific basis is that these
concepts when applied with care and intelligence, enable all types of public and
private entities to achieve, maintain, and manage economic success. This phenome-
non of the global economy existed for at least the last 20 years of the twentieth
century and the twenty first century in markets where supply is much more than
demand.

2.1 Main 2020–2030 megatrends and how the world has responded to the crisis
and the crisis period and later too

The following megatrends will dominate the next 10 years:
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• Economic growth associated with the shift of economic power.

• Significant changes in business practices and investment strategies are
anticipated in the economy of developing nations.

• The yield of agricultural and livestock goods will be impacted by global warming,
which will result in changes in food product pricing. Communities lacking
enough financial resources will be impacted by this.

• Artificial intelligence, machine learning, and digital (r)evolution will be
buzzwords of the day.

• Compared to the US, Asia has a larger population over 65.

• As this segment of the population continues to grow, there will be more
persons over 65 in Asia by 2042 than in the Eurozone and North America put
together.

• Social changes, which present both challenges and opportunities for governments
and human society, will come before changes in the world’s demographics.

• It is these tendencies specifically that have brought and will continue to bring
significant, widespread, and quick changes and advancements in technology,
structure, and superstructures, bringing undeniable influences and effects on
international markets and societies that are increasingly global.

• At now, metropolitan regions are home to more than 50% of the world’s
population. There will probably be 5 billion of them by the year 2050, according
to estimates. The African continent, Asia, and so on, will see a significant portion
of this urbanization process, which will result in significant political, economic,
social, cultural, legal, environmental, and other transformations in various
regions of the world.

As a result, humans are heading in the following directions in the face of these
quantitative and qualitative changes, which are the megatrends that will influence
every part of humanity’s lives for at least the next 50 years:

• Information and technology have undergone a revolution.

• Increasing and broadening of the flexibility of both public and private
organizations that are looking to adopt innovative technologies and processes.

• The development and growth of knowledge, competencies, and learning gained
from market competition.

• Increasing worldwide offer and competitiveness.

• The use of a variety of tactics and settings by commercial entities.

• Pay attention to the knowledge economy.
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• Systematic upgrades to manufacturing, distribution, and redistribution.

• A greater requirement for the integration of policies.

• An increase in global output and investment.

• Shifts in the economy’s structure.

• Investment in and development of competencies and knowledge.

• The application and growth of systems for creativity, innovation, and quality
management.

2.2 Factors of production

The inputs utilized in the production process for financial gain are included or
described as factors of production. As previously noted, the factors of production in
this essay are as follows: (1) land, (2) labor, (3) capital, (4) innovation, and (5)
entrepreneurship. (Although some authors include entrepreneurship innovation,
innovation is not a sole attribute of entrepreneurs, but of employees and other indi-
viduals who are not involved in business activities as well).

It is clear, the cyclical nature of the economy and the cyclical use of production
factors have been and continue to be closely related to world history regarding factors
of production since preparing the paper carefully followed the developments of the
global economy for at least the last 40 years and read the literature on the history of
the development of the global economy for at least the last 600 years.

The use of physical factors—land, labor, and capital—that have always been
regarded as fixed factors of production was 1 cycle that is currently understood. The
other cycle is the use and management of creativity, innovation, and entrepreneurial
skills, knowledge, and competencies—that are regarded as non-fixed factors of pro-
duction. It has been the cycle of use, exploitation, and management of land, labor, and
capital that has predominated in some historical and economic development periods,
while it has been the cycle of use and management of skills, knowledge, and compe-
tencies related to creativity, innovation, and entrepreneurship in other historical and
economic development periods. The stages of applying these components, which are
the stages of entry, growth, maturity, and decline, are what lead to all of this. One
cycle enters the entry phase if it is in the decline phase, and the other cycle enters the
endpoint phase if it is in the peak maturity phase.

Nowadays, there is a significant quantity of territory (land) in almost every nation
that is not utilized, exploited, or managed. Unemployment is extremely high every-
where in the world and primarily affects young people. A lot of free money is also
available around the globe, both in banks and in people’s pockets, but it is not being
invested.

Therefore, it is evident and simple to see that the cycle of use, exploitation, and
management of land, labor, and capital is in decline or may have even reached the end
of the decline phase. In contrast, the cycle of exploitation, use, and management of
creativity, innovation, and entrepreneurial skills is rising or even at its peak. It is
difficult to predict how long this phenomenon will last, during which the cycle of the
use of fixed factors of production will be declining and the cycle of non-fixed factors
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of production will mature. However, one thing is certain: When 1 cycle reaches its
growth peak, the other cycle reaches its endpoint, and vice versa.

One of the key components for increasing productivity and economic growth
has been, is, and will continue to be the rapid technological advancement and
the accumulation of skills, knowledge, and competencies; in this regard, systems
and networks that effectively and efficiently disseminate information, skills,
knowledge, and competencies are crucial. For this, policies about education,
science, industries, and technologies as well as incentives for investments in
research and development, ongoing training, support for systems of creativity,
innovation, and quality management, as well as infrastructure for these purposes are
necessary [3, 4].

2.3 Creativity

Years of quality management experience have shown that creative (1) processes,
(2) procedures, (3) goods, (4) services, (5), and so on, are an important components
of creativity or contain it [5–7]. This demonstrates, in essence, that creativity is what
initiates first and establishes the conditions for inventive activities to occur, acting as a
continuous mental and psychological process for problem identification and solution
selection [8].

The process of creativity, which consists of several stages and is characterized by a
thinking process where (1) fluid, (2) flexible, (3) original, and (4) elaborative ideas
emerge in human brains, includes problem definition, data, figures, and information
collection, selecting the best solution among several of them, and from this point
creating improved or newly discovered products and services.

Organizations need management expertise and practices, motivation, knowledge,
mental acuity, techniques, procedures, people with flexibility and imagination to
approach issues, and internal access to the organization related to the elements exter-
nal (e.g., threats to leave the job or income) and internal to achieve and maintain
creativity (such as job satisfaction, employee development).

At this point, employee motivation practices include:

• Choosing the right challenge to present to individuals;

• Achieving objectives, creating conditions for people’s autonomy to choose the
best tools;

• Balancing human, financial, and material resources, as well as time;

• Creating an environment that supports working groups that support each other;

• Evaluation, supervision, and mercy;

• Support for organizations, sharing of information and knowledge, as well as
collaboration [15].

A sign of entrepreneurship studies and the social and psychological skills, knowl-
edge, and competencies of entrepreneurs is the ability of employees and
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businesspeople to use creativity to realize products and services with improved and
new features. This is accomplished using processes of continuity, brainstorming,
conceptions, support, and confidence [9].

According to some authors [10–12], creativity and knowledge creation are
essential for successful organizations. These authors also emphasize how commu-
nication, infrastructure, technology, and training all play important roles in this
process.

Parallel to this, the idea of the “creative class, an important driver of the economies
of the modern era,” in conjunction with the “3 T regions” (Technology development,
talent empowerment, and tolerance for differences), leads to a high concentration of
creativity among professionals who strive to have a higher position of economic
development [13].

2.4 Innovation

According to an OECD report [14] and numerous authors [15–19], business is an
innovative process that involves human, financial, and material resources as well as
the capacity to produce, using skills, knowledge, and managerial and entrepreneurial
competences that are developed during a long and important creative process,
although at the beginning, the process can be when subjects submit their goods and
services to the market, innovation appears to be a process of the practical implemen-
tation of ideas brought by the market, and when these subjects work diligently and
consistently to enhance their goods and services. Innovation is defined as “an
improvement or something new that presents and brings back value” by the ISO
56000:2020 Standard [20].

Improvement, invention, and dissemination—three components of innovation—
are shared by all authors who have looked at various facets of this topic [21]. While
innovation cannot be viewed as only an invention [22] or as if every innovation is
an invention in and of itself [23], not all innovations necessitate dealing with the
invention [24].

The creation, distribution, and application of skills, knowledge, and competencies
within a system can be positively impacted by laws, procedures, and processes,
but excessive bureaucracy and a plethora of restrictions are detrimental to
innovation [25].

There are three stages to the innovation process: idea generation and idea
empowerment, problem resolution and decision-making, and implementation [26].

The primary drivers of innovation are significant system failures, chance, and
earnest efforts made by numerous economic agents. Along with this, there are the
movements and demographic shifts, the shift in people’s attitudes toward innovation
and other topics, and the degree of knowledge, skills, and current scientific
capabilities, which are important sources of innovation [27].

The tools and techniques used for problem-solving and decision-making, activities
that include agents of many and different economics, and this constitutes a very
important aspect regarding the outcomes of public and private entities, which are all
included in this aspect and are therefore essential to the success, efficiency, and
effectiveness of innovations.

The innovative aspects of products and services are brought to the attention of
consumers by combining marketing with its components (advertising, publicity,
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public relations, and promotion), a process that involves communication, a process
that includes the generation of ideas, the work of individual and group intellectuals,
and so on, and mostly this mental and intellectual work, innovative technological
changes rather than any activity that is necessarily and primarily related to the use of
fixed factors of production, land, labor, and capital [28].

The connections between management, leadership, entrepreneurship, inspiration,
and creativity have been studied by several authors [29–32].

According to certain writers, the Triple Helix model [33] serves as an infrastruc-
ture for innovation, which fosters interaction and the development of the knowledge
economy [25, 34]. They contend that those engaged in science and academia are those
who produce and disseminate knowledge. These are the facts that the market’s eco-
nomic agents gather and apply [33]. The company generates and offers funding and
opportunities for the development of skills, knowledge, and competencies to support
innovation, and the government creates and provides incentives to promote and foster
innovation [25].

Every incident involving such things as pandemics and natural calamities
fosters standard-setting, innovation, and creativity. The growing interest in
innovation has been observed during the Covid-19 pandemic period in the areas
and industries of public health, education, distant labor, electronic commerce, and
so on [35].

2.5 Concepts of quality and quality culture

Quality, which is ultimately connected to consumers’ expectations for the features
of goods and services, demonstrates that it is also connected to customers’ percep-
tions, which are conditioned and subjective. Since meeting customer demands at a
particular level is essentially what customers desire, quality is defined by ISO stan-
dards as doing so.

It was Edward Deming who first suggested that cost-cutting must accompany
productivity development to enhance quality. This approach to quality improvement
calls for the use of administrative functions, proper processes, and procedures, as well
as design and testing methodologies. Quality is what buyers search for in goods and
services, according to Peter Drucker. Consumers are always willing to pay more for
quality than for the money that producers wish to receive. This leads to the perspec-
tive that the essence of quality and quality culture is being able to satisfy consumer
requests.

The relationship between quality, quality management, and quality culture and the
organization’s management, in general, has to do with the strategy of placing the
customer at the heart of the business and attending to their demands—a long-term
dedication to the client, collaboration, the kaizen approach (constant improvement),
ongoing training for employees during their tenure with the organization, setting
up the right conditions for the fulfillment of freedom of action through control,
empowerment, and involvement of employees, and so on. This quality system
encompasses factors such as employees, workplace health and safety, the
manufacturing process, organizational finances, information creation and
management, research and development, procurement practices [2, 36].

The relationship between management principles and ISO 9001 is depicted in the
image below (Figure 1):
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The values necessary to realistically implement continuous improvement are
related to quality. For this, several factors are required, through which it is possible to
develop the organizational philosophy, the workgroup culture, the mobilization and
motivation of people involved in creative and innovative projects, and so on. Many
scholars in the field of quality management characterize this as a social conflict that
keeps the organization’s members united [38].

In the jargon of quality management, this is exactly what subject culture means; it is
what ties individuals in an organization together and connects them to the values they
support and develop, with how these people naturally use organizational structures,
controls, and mechanisms, and so on [39]. This culture encourages you to strive for
excellence and creates a setting where everyone in the company is committed to raising
quality. Now, each employee sees himself as a customer, a supplier, and an employee.
It’s a great creative idea to strive to complete everything as well as you can right away.

First, from this perspective, it should be made clear that it is not claimed that since
there is room for improvement, there is no reason to do everything well from the start,
as this mentality increases costs for the organization. Instead, the approach aims to
evaluate every step of the creation of products and services in every organization where
a quality culture exists and is functional, as this prevents the passing of time [40].

Thus, the improvement of both individuals and organizations along the path of
continuous realization of goods and services, the development of a climate of respect
and tolerance among employees, and the development of entrepreneurial skills,
knowledge, and competencies are all closely related to quality, its management, and
quality culture (4). The capabilities of the organization and proof that these
capabilities are regarded and used properly.

The domains that are known and valued by every individual who comprises
the organization and who identifies themselves with these domains are what
constitute the quality culture, which is manifested in the quality of products and
services [41].

Figure 1.
The management principles and ISO 9001 relations [37].
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The main principles of “achieving goals through training” and “bringing benefits
through value and opportunities” [42], which aim for excellence, recognition, and
application of best practices and experiences to achieve and maintain standards, are
precisely these approaches to quality and quality culture that set Europe apart. This is
a managerial strategy that makes it possible for the beliefs, values, and principles of
the people who make up the organization and all other interested parties to create and
use the culture of this organization. Goals, strategies, and operational objectives are
clearly defined, and individuals are responsible for predetermined and defined pro-
cesses and procedures.

In this regard, many studies have recently been conducted on quality, quality
management, quality culture, and their significance for attaining and maintaining
competitive advantages, corporations’ social responsibility, sustainability, and organi-
zational continuity, as well as the ethics of business activity and raising standards of
living, among other topics [2, 39, 43, 44].

2.6 Relationships between creativity, innovation, and quality management in
psychological terms

Technology, business, social systems, economic development, and policy formula-
tion are just a few of the contexts in which creativity, innovation, and quality man-
agement have been explored. As a result, there are many different ways to
conceptualize creativity, innovation, and quality management, including the psycho-
logical approach.

The study of conscious and unconscious phenomena, such as feelings and
thoughts, is included in psychology’s scope as a discipline that examines the brain and
human behavior. As a whole, psychology is a significant academic discipline with a
broad scope that blurs the lines between the humanities and the natural sciences.
While social scientists seek to comprehend the behavior and attitudes of individuals
and their groups in specific situations, psychologists seek to comprehend the proper-
ties of the brain by relating the activity of the brain and its properties to neuroscience,
in their daily lives and aspects of organizational life [45, 46].

In addition to health-related techniques, psychological knowledge is used to com-
prehend and resolve issues in a variety of human endeavors, including industrial and
organizational settings [47].

I/O psychology is the study of, and application of, psychological theories and
principles to the working environments of organizations [48]. Initially known as
economic psychology or business psychology, industrial psychology, employment
psychology, or psychotechnology [49], and emerging as I/O psychology between 1960
and 1970, industrialists applied the young field of I/O psychology to the study of
scientific management techniques for enhancing workplace efficiency.

It became a part of Division 14 of the American Psychological Association’s Society
for Industrial and Organizational Psychology in 1973 [49]. The goal of this profession
is to improve how people behave in work environments and procedures. Personnel
psychology is one of I/O psychology’s subfields. To recruit and assess employees,
personnel psychologists specifically attempt to use psychological methodologies and
concepts. Another branch of psychology is called organizational psychology, which
looks at how the workplace and various management philosophies affect workers’
productivity, job satisfaction, and motivation [50].

128

Creativity and Innovation for a Better World



I/O psychology studies are currently concentrating on creativity, innovation,
and quality management as well. The activities and studies related to this field
(human engineering psychologists) are practically connected to the problem-
solving and decision-making approach, such as how to organize work, choose
workers, design machines that are easy for people to use, create and innovate new
products/services or improve existing ones, and apply the updated standards,
procedures, processes, and good practices aimed at competitive advantage
achievement.

In fields as diverse as technology, health, and tourism, innovation is acknowledged
as the cornerstone of development and wealth [51].

The discipline of psychology, which studies every aspect of human experience, has
a favorable impact on creativity, innovation, and crisis management.

Information on the psychology of innovation discusses the traits of innovators and
creative solutions to everyday issues that are grounded in psychological science. The
promotion of innovative workplaces highlights the significance of setting expecta-
tions, defining metrics, and fostering a positive work environment for employees [52].
Other methods focus on how creativity and innovation interact within larger
sociocultural contexts [53].

Some studies claim that to innovate, people must alter their behavior; therefore, in
addition to qualities like creativity, it is also necessary to be able to encourage behavior
change [54].

Understanding the distinction between original thought and actual innovation—
thought that is helpful, implementable, and likely to have a significant impact
on the field—is necessary if companies are to be vibrant, innovative, and
productive [55].

The most intriguing definition of innovation is thinking differently [56]. People
with creative skills engage in more diverse thinking, and they can produce thoughts
and reactions that are different from those of ordinary people [57]. They think differ-
ently than other people do, and they approach problems differently as a result. They
have the capacity for unusual thought and the ability to initiate dialog, promote
debate, and present options that may not have previously been considered. Nowadays,
according to many psychologists, an action must possess at least two qualities to be
considered truly innovative.

It ought to be special and practical. An idea needs to be practical, solve issues, and
benefit people in some way to be considered creative [58]. The application of creativ-
ity by the organization’s staff is essential to developing an innovative culture. By using
the adage “If you throw anything at a wall, you can better determine what goes on that
wall,” many ideas can be produced.

However, truly innovative solutions can bring a more accurate definition and
redefinition of problems in the organization and/or open a completely new way of
looking at its solution. Creativity can bring solutions to problems carried over and
newly born in the organization by offering clear solutions and reconsidering the ways
of doing business [59].

This means that the solutions that are ultimately found may not be what was
initially regarded to be the best course of action. Innovative and creative ideas have
the power to transform an organization and fundamentally alter the way that indi-
viduals and teams approach problems, look for answers, and reach choices. First,
according to this perspective, effectiveness and efficiency are key components in the
concept of innovation and the capacity for productivity.
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It can inspire creativity in even the wise in a period of increased output. Simply
challenging people to think creatively can boost their enthusiasm and encourage them
to engage in innovative work. It has been observed that the existence of an innovative
approach in an organization causes other individuals who have not previously
engaged in innovation to rethink how they view issues and potential solutions,
uncovering new approaches, resources, and possibilities. According to this perspec-
tive, in a workplace where innovation is present, employees contribute more ideas,
many of which are unique and useful.

Divergent thinking can be learned through close contact with people who possess
creativity and invention, according to some studies, which also suggests that creativity
and innovation might be “contagious.” [60].

In general, creativity is a part of innovation but cannot be confused with it
because innovation has to do with creative ideas to bring certain and obvious
improvements to particular products and services where innovation is necessary
due to market need. Innovation typically starts with creative thought, and in this
sense, creativity—whether it be individual or collective—brings innovation.
Innovation is a prerequisite for creativity, but it is not a sufficient condition [61].

It takes more than just having an idea, coming up with one, or coming up with
original ideas for innovation to occur. Knowledge is put to use to bring about
changes through novel, distinctive methods, resulting in the introduction of new
goods and services to the market for consumers. The fact that innovation, like many
administrative and entrepreneurial responsibilities, necessitates particular methods,
procedures, norms, record-keeping, and discipline is one of the most crucial facets of
this topic [13].

With this strategy, the emphasis is now on the existence and ongoing
development of processes, procedures, regulations, and record-keeping for the
development and application of skills, knowledge, and competencies, which lead to
significant positive organizational changes, to achieve, maintain, and manage
improved products and services, and to improve in the near, medium, and distant
future, as an added value of the organization’s activity, which is essentially the
organization’s business.

Through these various perspectives, creativity is typically seen as the foundation
for innovation, and innovation is the successful implementation of creative ideas
within an organization [61]. However, to be competitive, organizations must use
quality management principles and standardize their processes and procedures, and
the goods and services they provide [37].

Researchers have now succeeded in defining several innovation types:

1.A shift in how the company is conducted in terms of creating and managing
value.

2.The advancement of marketing techniques through novel approaches, such as
product design and packaging.

3.Reorganization of organizational structures, functions, protocols, rules, and
record-keeping practices.

4.Novel processes that use new or improved techniques to carry out manufacturing
and service or deliver them to the end users.

130

Creativity and Innovation for a Better World



5.Products that are largely or entirely innovative, including enhancements to
technical and functional features, how goods and services are presented, and so on.

6.Cutting-edge services, which are comparable to product upgrades.

7. Innovative supply chains, where improvements are made to the quality, safety,
and assurance of goods from the point of entry to the point of exit.

8.Financial innovation, which is demonstrated by the creation of new financial
services and products.

The improvement of quality, the opening of new markets, the expansion of the
variety of goods and services, the reduction of business costs, the improvement of
processes, procedures, regulations, and record keeping, the reduction of the use of
materials, energy, and water in technological processes, environmental protection,
and compliance with laws and bylaws all seem to be related to investments in innova-
tion today. All of these objectives are guided by the concept of continuous improve-
ment, which is one of the core tenets of quality management.

Aspects of personality theory suggest that human personality is made up of five
broad dimensions: openness, conscientiousness, extroversion, agreeableness, and
neuroticism. Some personality traits are also linked to creativity, innovation, and
quality management.

Each of these factors constitutes a segment where the person may receive a high,
low, or indifferent rating for each component. Being open to new experiences is a
crucial skill that is closely linked to flexibility, creativity, and quality management.

Having said that, those who exhibit this trait more strongly are more receptive to
novel situations and concepts. However, other personality traits have a significant
part in creativity, innovation, and business management. They tend to strive for
innovation and find fulfillment in the fact that they try new things, meet new
people, view problems from other angles than those they have previously
encountered, and so on.

Intrinsic drive, curiosity, and perseverance, for instance, can all influence how
much people are inclined to investigate unique concepts and look for inventive solu-
tions while using established standards, procedures, and processes.

TQM may be explained by nine essential psychological processes, including iden-
tification, equity, equality, consensus, instrumentality, rationality, development,
group dynamics, and internalization, according to many studies [62].

Total Quality Management is used by around 75% of Fortune 1000 organizations,
according to research. The survey results indicate that 87% of respondents believe
they have had a favorable experience with total quality management. In these situa-
tions, TQM is related to improving the financial condition, relationships with
employees and among themselves, product and service quality, customer satisfaction
levels, and so on. It was determined through research of 54 companies that use total
quality management that their performance was better than that of groups of compa-
rable organizations that do not use total quality management.

Companies that use these programs are more admired are seen as being more
inventive, and have higher management quality ratings than other companies [63].

The qualities of innovation, creativity, and quality management are shown below
(Table 1) along with their relationships.
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3. Research framework, the purpose of the case study

The amount of innovation, originality, and ISO certifications in the form granted
for each nation for which data could be gathered served as the framework for the
study of the global entrepreneurship ecosystem [68].

Creativity, innovation, and quality management

Techniques of creativity Innovation Quality management

1 Finding and respecting
aim & approach;

1 Radical changes: “brings an
innovative design that affects
production and related
components”

1 Total product/service features;

2 Forming abilities; 2 Quality management;

3 Supporting getting of
new specific
knowledge;

3 Quality management systems;

4 Business management, and
“total characteristics of products
and services are:
• Based on strategy—TQM is

considered an important part
of the business’ vision,
mission, objectives, action
plan, etc.

• Client in focus and center of
attention;

• Attempt to realize the
connection between clients’
requirements with product/
service features;

• Scientific problem-solving
framework—problem-solving
tools and techniques;

• Long-term commitment—
quality is a journey, not a
destination;

• Teamwork—setting quality
improvement objectives, and
processes;

• Continuous improvement
process—a quality
achievement never ends;

• Education and training—of
employees to achieve total
quality;

• Freedom through control—to
express views, perform
quality improvement actions;

• Unity of purpose—based on
the objectives of the
organization;

• Employee involvement and
empowerment—through
competencies, and quality
management.

4 Promoting &
motivating
experimentation;

2 Additional innovation:
“improvement of a previously
defined design: The improvement
is observed in individual
elements, but the basic concepts
of the design and realization of
the production of the product and
service, as well as the connections
between them do not change.”

5 Constructing promotes
the environment,
specific promotion
inside organizations;

6 Promoting risk-taking
initiatives;

7 Mastering auto-
competition;

3 Architectural innovation:
“innovation that changes only the
relationships between them [the
core design concepts]”

8 Promoting supportive
values and ideas on
creative ideas;

9 Offering chances to
choose and explore;

10 Offering conditions for
the development of
auto-management;

4 Modular Innovation: “innovation
that changes only the core design
concepts of a technology” [66].

11 Learning approaches,
helping the
performance of
creativity;

12 Supporting and
establishing a balanced
environment” [67]

Table 1.
Relations between innovation, creativity, and quality management [64, 65].
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The purpose of this research is to fill this gap in the literature regarding the
relationships between creativity and innovation, creativity and quality management,
and quality management and innovation. Additionally, this research has adopted a
theory-building approach with the following objectives [68]:

1.RQ1: Is there any relationship between innovation and creativity?

2.RQ2: Is there any relationship between quality management and innovation?

3.RQ3: Is there any relationship between quality management and creativity.

4. Methodology

Despite acknowledging the value of quality management, creativity, and innova-
tion in business, previous theoretical and empirical research has not been able to
scientifically explain how these factors interact and influence one another. Therefore,
the purpose of this study is to develop a theory that, supported by data, facts, conclu-
sions, and analysis, confirms the relationships among quality management, creativity,
and innovation.

In contrast, this study considers (1) labor as non-homogeneous, as it is in reality,
and (2) land as it is in reality, not homogenous, in opposition to practically all tradi-
tional studies connected to the components of production (as each country has spe-
cific topsoil, soil, and subsoil, which affect production, capital flow, and human
resource management). (3) Economic agents, people, and families are taken into
account as they are, not as consumers of the same or comparable goods and services in
the same quality and quantity; (4) changes in income and prices are viewed as
ordinary occurrences rather than as solid; (5) shifts in public and private sector
management as a result of managers’, owners’, and employees’ varying levels of
experience; (6) knowledge, skills, and competencies are not distributed equally; and
(7) capital is not a requirement for job simulation. These qualities are precisely what
bring this art so closely to life.

4.1 Selection of case

Three key factors have been considered in this study: theoretical elements, appro-
priate existing data that might be further processed by the study’s author, and actual
examples of the connections among quality management, creativity, and innovation.
The study questions were created in light of this. These are the research queries:

• RQ1: Is there any relationship between innovation and creativity?

• RQ2: Is there any relationship between innovation and quality management?

• RQ3: Is there any relationship between creativity and quality management?

Based on these research questions, three pairs of hypotheses were constructed:
Relationships between innovation and creativity (RQ1).
H01 – There is no relationship between innovation and creativity.
H11 – There is a strong relationship between innovation and creativity.
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Relationships between innovation and quality management (RQ2).
H02 – There is no relationship between innovation and quality management.
H12 – There is a strong relationship between innovation and quality management.
Relationships between creativity and quality management (RQ3).
H03 – There is no relationship between creativity and quality management.
H13 – There is a strong relationship between creativity and quality management.

4.2 Collection of data

• Data about creativity taken from The 2020 Creativity Index Report (Table 2).

• Data about innovation taken from the Global Innovation Index Report 2020
(Table 2).

• Data on the application of the ISO standards—ISO Report 2015-2020 (Table 2).

• The ISO standard index for every country was calculated by dividing the total
number of business entities in the country by the number of emissions certified
with ISO standards for each country, as given in a table (Table 2).

Only the following two forms of data were used in the development of this study:
(1) indexes and international websites and (2) data that the author processed on the
ISO Certificates Index calculated for each country [64, 65].

No Countries Creative output
index

GII Creative output
inverse index

Innovation inverse
index

1 Switzerland 2 1 131 132

2 Luxembourg 3 2 130 110

3 United Kingdom 4 3 129 129

4 Sweden 5 4 128 131

5 France 6 6 127 122

6 Netherlands 7 7 126 127

7 Malta 9 8 124 106

8 Iceland 10 9 123 116

9 Germany 11 10 122 123

10 United States of America 12 11 121 130

11 Denmark 13 12 120 124

12 China 14 13 119 121

13 Estonia 15 15 118 112

14 Finland 16 16 117 126

15 Singapore 17 17 116 125

16 Japan 18 18 115 120

17 Canada 19 19 114 117

18 Cyprus 20 20 113 105
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No Countries Creative output
index

GII Creative output
inverse index

Innovation inverse
index

19 Bulgaria 21 21 112 98

20 Czech Republic 22 22 111 109

21 New Zealand 23 23 110 107

22 Australia 24 24 109 108

23 Norway 25 25 108 113

24 Portugal 26 26 107 102

25 Austria 27 27 106 115

26 Ireland 29 28 104 114

27 Israel 30 29 103 118

28 Mauritius 31 30 102 81

29 Spain 32 31 101 103

30 Montenegro 33 32 100 83

31 Italy 34 33 99 104

32 Turkey 35 34 98 92

33 Belgium 36 35 97 111

34 Malaysia 37 36 96 97

35 Slovenia 38 37 95 101

36 Latvia 39 38 94 95

37 United Arab Emirates 40 39 93 100

38 Lithuania 41 40 92 94

39 Viet Nam 42 41 91 44

40 Slovakia 43 42 90 96

41 United Rep. Tanzania 44 43 89 42

42 Costa Rica 45 44 88 77

43 Iran (Islamic Republic of) 46 45 87 73

44 Hungary 47 46 86 99

45 Ukraine 48 47 85 84

46 Armenia 49 48 84 64

47 Poland 50 49 83 93

48 Jamaica 51 50 82 59

49 Mexico 52 51 81 78

50 Croatia 54 52 79 91

51 Thailand 55 53 78 90

52 Russian Federation 56 54 77 88

53 El Salvador 57 55 76 37

54 Panama 58 56 75 50

55 Chile 60 57 73 80
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No Countries Creative output
index

GII Creative output
inverse index

Innovation inverse
index

56 Qatar 63 59 70 65

57 Uruguay 64 60 69 68

58 Philippines 65 61 68 82

59 Brazil 66 62 67 76

60 Azerbaijan 67 63 66 53

61 India 68 65 65 87

62 Greece 69 66 64 86

63 Morocco 70 67 63 56

64 Romania 72 68 61 85

65 Argentina 73 69 60 60

66 Georgia 74 70 59 70

67 Guatemala 75 71 58 32

68 Serbia 76 72 57 79

69 Peru 77 73 56 63

70 Saudi Arabia 78 74 55 67

71 South Africa 79 75 54 72

72 Tunisia 80 77 53 62

73 Albania 81 78 52 49

74 Colombia 82 79 51 66

75 North Macedonia 83 80 50 74

76 Dominican Republic 84 81 49 40

77 Brunei Darussalam 85 82 48 51

78 Pakistan 87 83 46 34

79 Jordan 88 84 45 52

80 Kuwait 89 85 44 61

81 Lao People’s Democr, Rep 90 86 43 16

82 Indonesia 91 87 42 46

83 Lebanon 92 90 41 42

84 Belarus 93 92 40 71

85 Ghana 94 93 39 21

86 Kenya 95 94 38 48

87 Guinea 96 95 37 3

88 Malawi 97 96 36 26

89 Cambodia 98 97 35 24

90 Bosnia and Herzegovina 99 98 34 58

91 Sri Lanka 100 99 33 38

92 Honduras 102 100 31 25
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4.3 Analysis of data

1.The number of businesses in each nation that are ISO-certified was gathered
from the ISO website.

2.The total number of business entities was gathered from numerous websites and
other written materials including houses of society, yearly reports of the nation,
institutes of statistics, and so on.

3.To create the ISO index, the total number of businesses in each country was
divided by the number of companies that were ISO-certified (Table 2).

No Countries Creative output
index

GII Creative output
inverse index

Innovation inverse
index

93 Trinidad and Tobago 103 101 30 36

94 Egypt 104 102 29 39

95 Namibia 105 103 28 33

96 Bahrain 106 105 27 55

97 Tajikistan 107 106 26 30

98 Nepal 108 107 25 22

99 Senegal 109 108 24 28

100 Kazakhstan 110 109 23 54

101 Botswana 112 111 21 27

102 Uzbekistan 113 112 20 47

103 Yemen 114 115 19 2

104 Mozambique 115 116 18 11

105 Nigeria 116 117 17 15

106 Rwanda 117 118 16 31

107 Algeria 118 119 15 12

108 Togo 119 120 14 8

109 Kyrgyzstan 120 121 13 35

110 Bangladesh 123 122 10 27

111 Cameroon 124 123 9 10

112 Zambia 125 125 8 12

113 Uganda 126 126 7 14

114 Ethiopia 127 128 6 7

115 Benin 128 129 5 5

116 Burkina Faso 129 130 4 18

117 Angola 130 131 3 1

118 Niger 132 132 2 4

Table 2.
Innovation index and creativity index [35].
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4.The creative index (Table 2) was used to gather the information for the World
countries’ creative rankings [69].

5.Data on the Global Innovation Index (Table 2) were taken from rankings of
World nations’ innovation performance (World Intellectual Property
Organization, 13th Edition).

6.A regression analysis was done between the Innovation Index and the Creativity
Indices (Table 2, together with the respective Figure 2 and regression tables),
Innovation Index and ISO Standards Index (Table 3, together with the respective
Figure 3 and regression tables), and among Creativity Index and ISO Standards
Index (Table 4, together with the respective Figure 4 and regression tables).

Figure 2.
Regression line innovation and creativity.

No Countries Innovation inverse index ISO standard Index

1 Switzerland 132 0.022

2 Luxembourg 110 0.00231

3 United Kingdom 129 0.00884

4 Sweden 131 0.00575

5 France 122 0.0054

6 Netherlands 127 0.0072

7 Malta 106 0.00596

8 Iceland 116 0.00203

9 Germany 123 0.021

10 United States of America 130 0.00095
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No Countries Innovation inverse index ISO standard Index

11 Denmark 124 0.0071

12 China 121 0.00434

13 Estonia 112 0.0071

14 Finland 126 0.0082

15 Singapore 125 0.0153

16 Japan 120 0.01123

17 Canada 117 0.0052

18 Cyprus 105 0.0053

19 Bulgaria 98 0.0129

20 Czech Republic 109 0.0207

21 New Zealand 107 0.00321

22 Australia 108 0.00576

23 Norway 113 0.00695

24 Portugal 102 0.0114

25 Austria 115 0.0173

26 Ireland 114 0.0136

27 Israel 118 0.018

28 Mauritius 81 0.00203

29 Spain 103 0.0146

30 Montenegro 83 0.0146

31 Italy 104 0.021

32 Turkey 92 0.00132

33 Belgium 111 0.00467

34 Malaysia 97 0.0115

35 Slovenia 101 0.0127

36 Latvia 95 0.01173

37 United Arab Emirates 100 0.01185

38 Lithuania 94 0.0099

39 Viet Nam 44 0.0131

40 Slovakia 96 0.0166

41 United Republic of Tanzania 42 0.000053

42 Costa Rica 77 0.00428

43 Iran (Islamic Republic of) 73 0.0288

44 Hungary 99 0.00925

45 Ukraine 84 0.00121

46 Armenia 64 0.00124

47 Poland 93 0.00656

48 Jamaica 59 0.00406
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No Countries Innovation inverse index ISO standard Index

49 Mexico 78 0.00209

50 Croatia 91 0.0149

51 Thailand 90 0.00505

52 Russian Federation 88 0.0019

53 El Salvador 37 0.00147

54 Panama 50 0.00536

55 Chile 80 0.0293

56 Uruguay 68 0.0088

57 Philippines 82 0.00544

58 Brazil 76 0.00343

59 India 87 0.00082

60 Morocco 56 0.01886

61 Romania 85 0.0144

62 Argentina 60 0.00951

63 Georgia 70 0.01136

64 Guatemala 32 0.0164

65 Serbia 79 0.0189

66 Peru 63 0.00162

67 Saudi Arabia 67 0.00343

68 South Africa 72 0.00196

69 Tunisia 62 0.00212

70 Albania 49 0.0043

71 Colombia 66 0.00558

72 North Macedonia 74 0.0191

73 Dominican Republic 40 0.00311

74 Brunei Darussalam 51 0.0169

75 Pakistan 34 0.022

76 Jordan 52 0.00282

77 Lao People’s Democr. Rep 16 0.00054

78 Indonesia 46 0.000018

79 Lebanon 42 0.00354

80 Ghana 21 0.00317

81 Kenya 48 0.00022

82 Guinea 3 0.00595

83 Malawi 26 0.00215

84 Cambodia 24 0.00028

85 Bosnia and Herzegovina 58 0.0195

86 Sri Lanka 38 0.0019
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Relations between innovation and creativity. (118 Countries)
Relations between innovation and creativity (RQ1).
H01 – There is no relationship between innovation and creativity.
H11 – There is a strong relationship between innovation and creativity.

Regression Statistics

Multiple R 0.982182

R Square 0.964681

No Countries Innovation inverse index ISO standard Index

87 Honduras 25 0.00143

88 Trinidad and Tobago 36 0.0048

89 Egypt 39 0.00094

90 Namibia 33 0.00125

91 Bahrain 55 0.0093

92 Tajikistan 30 0.008

93 Nepal 22 0.00016

94 Senegal 28 0.00046

95 Kazakhstan 54 0.002

96 Botswana 27 0.00106

97 Uzbekistan 47 0.00075

98 Yemen 2 0.025

99 Mozambique 11 0.01276

100 Nigeria 15 0.000014

101 Rwanda 31 0.00039

102 Algeria 12 0.00034

103 Togo 8 0.00036

104 Kyrgyzstan 35 0.01179

105 Bangladesh 27 0.00126

106 Cameroon 10 0.00046

107 Zambia 12 0.00004

108 Uganda 14 0.00014

109 Ethiopia 7 0.00113

110 Benin 5 0.01044

111 Burkina Faso 18 0.00044

112 Angola 1 0.00251

113 Niger 4 0.00698

Table 3.
Innovation index [35] and ISO standard index.
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Adjusted R Square 0.956134

Standard Error 14.551

Observations 118

ANOVA

df SS MS F Significance F

Regression 1 676615.4 676615.4 3195.629 2.83E-86

Residual 117 24772.59 211.7315

Total 118 701388

Coefficients Standard
Error

t Stat P-value Lower
95%

Upper
95%

Lower
95.0%

Upper
95.0%

Intercept (b) 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A

Innv. INDEX
(a)

0.970979 0.017176 56.52989 8.58E-87 0.936963 1.004996 0.936963 1.004996

y= ax+b

Model Y = 0.9935x y = 0.9935x

R² = 0.9647

The results show that Innovation at a level of 96.47% has the explanation of
indication of the Creativity factor [2].

Relations between the Innovation index and the Creativity index are strong
(r = 0.982182).

Regression equation y = 0.9935x
R2 coefficient = 0.09647
Correlation coefficient “r” = 0.982182.
Hypothesis:
H01 – There is no relationship between innovation and creativity.
– the model is not good, with the security level α=0.05.
H11 – There is a strong relationship between innovation and creativity.
– the model is good.
By ANOVA Fllog> Fcrit, F Significance F (probability getting these results)

< α= 0.05.
H0 is not valuable, H1 has been verified, with a significance level of 0.05 or a level

of reliability = 95 %.
Coefficients are the values of the correlation coefficient.
Relations between innovation and quality management (RQ2).
H02 – There is no relationship between innovation and creativity.
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H12 – There is a strong relationship between innovation and creativity.

Regression Statistics

Multiple R 0.732825

R Square 0.537033

Adjusted R Square 0.528024

Standard Error 0.006937

Observations 112

ANOVA

Df SS MS F Significance F

Regression 1 0.006196 0.006196 128.7578 3.16E-20

Residual 111 0.005341 4.81E-05

Total 112 0.011537

Coefficients Standard
Error

t Stat P-value Lower
95%

Upper
95%

Lower
95.0%

Upper
95.0%

Intercept (b) 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A

Innov INDEX
(a)

9.57E-05 8.43E-06 11.34715 2.81E-
20

7.9E-05 0.000112 7.9E-05 0.000112

y= ax+b

Model Y = 1E-0.4x y = 0.000464 (Innovation Index)x – 0.01104 (intercept)

R² = 0.54

At ISO 54.0% can be explained under the indication of the Innovation factor
The relation (Connection) between them is strong (r = 0.732825).
Regression equation y = 1E-0.4x
R2 coefficient = 0.54
Correlation coefficient “r” = 0.732825.
Hypothesis:
H02 – There is no relationship between innovation and quality management.
– the model is not good, with the security level α=0.05.
H12 – There is a strong relationship between innovation and quality management.
– the model is good.
By ANOVA Fllog> Fcrit F Significance F (probability getting these results)

< α= 0.05.
H0 is not valuable and H1 has been verified, with a significance level of 0.05 or a

level of reliability = 95 %.
Coefficients are the values of the correlation coefficient.
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Relations between innovation and ISO certificates (113 Countries)
Relations between creativity and quality management (RQ3).
H03 – There is no relationship between innovation and creativity.
H13 – There is a strong relationship between innovation and creativity.

Regression Statistics

Multiple R 0.725443

R Square 0.526268

Adjusted R Square 0.517259

Standard Error 0.007017

Observations 112

ANOVA

df SS MS F Significance F

Regression 1 0.006071 0.006071 123.3098 1.14E-19

Residual 111 0.005465 4.92E-05

Total 112 0.011537

Coefficients Standard
Error

t Stat P-
value

Lower
95%

Upper
95%

Lower
95.0%

Upper
95.0%

Intercept (b) 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A

Creativity
INDEX (a)

9.54E-05 8.59E-06 11.1045 1.01E-
19

7.84E-
05

0.000112 7.84E-05 0.000112

y= ax+b

Model Y = 1E-0.4x y = 1E-0.4x

R² = 0.538

ISO 58.0% under Creativity factor indication
The relation is strong (r = 0.725443).
Hypothesis:
H03 – There is no relationship between creativity and quality management.
– the model is not good, with the security level α=0.05.
H13 – There is a strong relationship between creativity and quality management.
– the model is good.
By ANOVA Fllog> Fcrit F Significance F (probability getting these results) < α=

0.05
H0 is not valuable and H1 has been verified, with a significance level of 0.05 or a

level of reliability = 95 %.
Coefficients are the values of the correlation coefficient.
Relations between creativity and ISO certificates. (113 Countries)
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No Countries Creative output inverse index ISO standard index

1 Switzerland 131 0.022

2 Luxembourg 130 0.00231

3 United Kingdom 129 0.00884

4 Sweden 128 0.00575

5 France 127 0.0054

6 Netherlands 126 0.0072

7 Malta 124 0.00596

8 Iceland 123 0.00203

9 Germany 122 0.021

10 United States of America 121 0.00095

11 Denmark 120 0.0071

12 China 119 0.00434

13 Estonia 118 0.0071

14 Finland 117 0.0082

15 Singapore 116 0.0153

16 Japan 115 0.01123

17 Canada 114 0.0052

18 Cyprus 113 0.0053

19 Bulgaria 112 0.0129

20 Czech Republic 111 0.0207

Figure 3.
Regression line innovation inverse IndeazSx and ISO standard index.
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No Countries Creative output inverse index ISO standard index

21 New Zealand 110 0.00321

22 Australia 109 0.00576

23 Norway 108 0.00695

24 Portugal 107 0.0114

25 Austria 106 0.0173

26 Ireland 104 0.0136

27 Israel 103 0.018

28 Mauritius 102 0.00203

29 Spain 101 0.0146

30 Montenegro 100 0.0146

31 Italy 99 0.021

32 Turkey 98 0.00132

33 Belgium 97 0.00467

34 Malaysia 96 0.0115

35 Slovenia 95 0.0127

36 Latvia 94 0.01173

37 United Arab Emirates 93 0.01185

38 Lithuania 92 0.0099

39 Viet Nam 91 0.0131

40 Slovakia 90 0.0166

41 United Republic of Tanzania 89 0.000053

42 Costa Rica 88 0.00428

43 Iran (Islamic Republic of) 87 0.0288

44 Hungary 86 0.00925

45 Ukraine 85 0.00121

46 Armenia 84 0.00124

47 Poland 83 0.00656

48 Jamaica 82 0.00406

49 Mexico 81 0.00209

50 Croatia 79 0.0149

51 Thailand 78 0.00505

52 Russian Federation 77 0.0019

53 El Salvador 76 0.00147

54 Panama 75 0.00536

55 Chile 73 0.0293

56 Uruguay 69 0.0088

57 Philippines 68 0.00544

58 Brazil 67 0.00343
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No Countries Creative output inverse index ISO standard index

59 India 65 0.00082

60 Morocco 63 0.01886

61 Romania 61 0.0144

62 Argentina 60 0.00951

63 Georgia 59 0.01136

64 Guatemala 58 0.0164

65 Serbia 57 0.0189

66 Peru 56 0.00162

67 Saudi Arabia 55 0.00343

68 South Africa 54 0.00196

69 Tunisia 53 0.00212

70 Albania 52 0.0043

71 Colombia 51 0.00558

72 North Macedonia 50 0.0191

73 Dominican Republic 49 0.00311

74 Brunei Darussalam 48 0.0169

75 Pakistan 46 0.022

76 Jordan 45 0.00282

77 Lao People’s Democr. Rep. 43 0.00054

78 Indonesia 42 0.000018

79 Lebanon 41 0.00354

80 Ghana 39 0.00317

81 Kenya 38 0.00022

82 Guinea 37 0.00595

83 Malawi 36 0.00215

84 Cambodia 35 0.00028

85 Bosnia and Herzegovina 34 0.0195

86 Sri Lanka 33 0.0019

87 Honduras 31 0.00143

88 Trinidad and Tobago 30 0.0048

89 Egypt 29 0.00094

90 Namibia 28 0.00125

91 Bahrain 27 0.0093

92 Tajikistan 26 0.008

93 Nepal 25 0.00016

94 Senegal 24 0.00046

95 Kazakhstan 23 0.002

96 Botswana 21 0.00106
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No Countries Creative output inverse index ISO standard index

97 Uzbekistan 20 0.00075

98 Yemen 19 0.025

99 Mozambique 18 0.01276

100 Nigeria 17 0.000014

101 Rwanda 16 0.00039

102 Algeria 15 0.00034

103 Togo 14 0.00036

104 Kyrgyzstan 13 0.01179

105 Bangladesh 10 0.00126

106 Cameroon 9 0.00046

107 Zambia 8 0.00004

108 Uganda 7 0.00014

109 Ethiopia 6 0.00113

110 Benin 5 0.01044

111 Burkina Faso 4 0.00044

112 Angola 3 0.00251

113 Niger 2 0.00698

Table 4.
Creativity index [35] and ISO standard index.

Figure 4.
Regression line creativity and ISO standard.
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5. Summary output

The relationship among quality management, creativity, and innovation has been
the subject of three significant conclusions from this study. This is not just due to the
theoretical approach, but also because this study’s conclusions are the first to be
statistically confirmed and show a strong link among quality management, creativity,
and innovation.

In this study, an ISO certificate index is used to rank nations based on the number
of ISO certificates issued in a country divided by the number of business organizations
already operating there during the same period [64, 65].

6. Research’s context

The idea that land, labor, and capital are the most important variables in both the
management and economic aspects of an enterprise appears to be outdated in the
twenty-first century. Considering only entrepreneurial ability, the fourth factor of
production is not a viable option because it cannot include the elements of innovation
and creativity, which are the traits shared by both employees and employers as well as
business owners and employers.

Quality, creativity, and innovation may and should be the foundation for gaining,
retaining, and managing economic advantages throughout the short, medium, and
long term, as evidenced by events over the past at least 45 to 50 years in a world that is
becoming more international. The study’s findings demonstrate unequivocally that
nations with high ISO standards also tend to have high levels of both creativity and
innovation indices.

Although previous studies have demonstrated the value of quality management,
creativity, and innovation, few studies address the psychological aspects of this
relationship. Additionally, there are no statistically supported explanations for
how quality management, creativity, and innovation interact to produce economic
benefits.

7. Discussion

The level of innovation, creativity, and ISO standard certificates in the worldwide
entrepreneurial ecosystem served as the research’s framework.

The main findings of a regression analysis of the relationships between innovation
and creativity, innovation and ISO 9001 standards, and creativity and ISO 9001
standards are that there is a significant relationship among innovation and
creativity, innovation and ISO 9001 standards, and creativity and ISO 9001
standards as well.

• Theoretical and practical consideration

In terms of the theory, the final findings suggest a fresh direction for further
investigation into the connections among quality management, creativity, and inno-
vation, as well as among other economic indicators, and so on, which is still regarded
as uncharted territory.
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According to the research, it is crucial to treat quality management, creativity, and
innovation as a triple platform that paves the way to better economic advantage for
both individual firms and a nation’s economy.

8. Limitations and avenues for further research

This essay aims to draw attention to current issues by recognizing the connections
between creativity, innovation, and quality control as well as the options for dealing
with them. This paper’s research opens a window for academics and other practi-
tioners in these fields as we are now much closer to being able to design studies that
will provide better answers to such questions. While questions of the processes that
facilitate these relationships are the subject of further investigation, there is currently
enough information available to provide some definitive answers to the questions of
these relationships.

This study, one of the first to highlight the connections between quality
management, creativity, and innovation, first and the psychological aspect of
these relationships, was conducted using extensive data on ISO certificates issued
for each country as well as data on quality management, creativity, and innovation for
2020. Reliable data on some business entities registered in the countries are also taken
into consideration. To conduct a comprehensive investigation of these correlations,
however, more data are needed for different periods of combination research involving
psychological techniques that might be started from the perspective of creativity.

Studies that take into account both the quality and amount of investments can be
started from the perspective of innovation.

Combination studies on the industries most impacted by the interaction among
creativity, innovation, and quality management can be started from the standpoint of
quality management.

The paper suggests that the following studies should:

1.Within the design, ask the right process questions and gather information to
show how creativity, innovation, and quality control are related globally.

2. Information from correlational studies should be sufficiently detailed to provide
information on current organizational business aspects, such as human
resources, strategic management, organizational behavior, supply chain
management, marketing strategies, the digital economy, and areas that call for a
complete eclipse of the required changes.

3.Considering that researchers should not take into account every possible
interaction but instead strive for data collection efforts to evaluate the
interactions of specifically identified variables, conceptualize potential
interactions between variables that may be particularly pertinent to the topics
under study [70].

9. Conclusions and recommendations

1.This study reveals a substantial correlation between quality management and
creativity, between quality management and innovation, and between creativity
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and innovation, drawing three significant conclusions for the first time. These
findings are not merely theoretical assertions; they have been statistically
supported by the use of regression analysis for the three examples, in a
comprehensive manner that takes into account the psychological components of
the problem.

2.The ISO index used in this study ranks nations according to the ratio of business
entities present in each nation over the same period to the number of ISO
certifications issued in that nation [64, 65].

3.Strong statistical links between innovation and creativity, between creativity and
ISO certification, and between innovation and ISO certification suggest that, in
addition to the effective and efficient use of other production factors (labor,
materials, etc.), the promotion of creativity, innovation, and quality
management as a non-fixed factor is necessary to achieve a competitive and
comparative advantage.

4.The relationship between the cultures of innovation, creativity, and quality
management is strong at the global level, and this mostly pertains to the cultures
of entrepreneurship and conducting business in reaction to the crisis and the
immediate aftermath of the disaster.

5.This study clarifies and confirms that natural resources do not constitute any
barrier regarding productivity and levels of economic growth, despite the belief
of some experts that the world is headed toward poverty because natural
resources are unchangeable (fixed).

6.There are at least two ways to increase the productivity of the global economy
while avoiding the constraints of fixed factors of production (land, labor, and
capital), first by using quality management, creativity, and innovation, and
second by combining these three approaches both individually and with other
entrepreneurship-related components.

7.There is a propensity to innovate and develop to reduce the use of fixed factors of
production, which gives rise to the idea that technical advancements enable fixed
forces of production to no longer serve as constraints on productivity growth and
global economic expansion. The connections between quality management,
creativity, and innovation can also be explained using the same logic and
justification.

8.The factors of production and the cycles of their usage are tied to the history of
economic philosophy, economic systems, and the growth of the global economy.
One of these cycles involves the use of fixed factors of production like land,
labor, and capital, while the other involves the use of quality control, innovation,
and creativity (skills, knowledge, and entrepreneurial competencies—non-fixed
factors of production). The cycles of fixed and limited factors of production
(land, labor, and capital) have dominated at certain points in world history and
economic development, whereas the cycles of non-fixed factors of production
(innovation, creativity, focus on quality, and entrepreneurial spirit) have
dominated at other points in world history and economic development.
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between Physiological Stress and 
Environmental Factors through 
Data Science, the Internet of Things 
and Do-it-Yourself Wearables
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Abstract

This chapter reports a study conducted by students as an independent research 
project under the mentorship of a Research Scientist at the National Institute of 
Education, Singapore. In the Life2Well Project (Learning at the intersection of AI, 
physiology, EEG, our environment and well-being) identical units of a wearable device 
containing environmental sensors (such as ambient temperature, air pressure, infrared 
radiation and relative humidity) were designed and worn respectively by five adolescents 
from July to December 2021. Over the same period, data from these sensors was comple-
mented by that obtained from smartwatches (namely blood oxygen saturation, heart rate 
and its variability, body temperature, respiration rate and sleep score). More than 40,000 
data points were eventually collected, and were processed through a random forest 
regression model, which is a supervised learning algorithm that uses ensemble learning 
methods for regression. Results showed that the most influential microclimatic factors 
on biometric indicators were noise, and the concentrations of carbon dioxide and dust. 
Subsequently, more complex inferences were made from Shapley value interpretation of 
the regression models. Such findings suggest implications for the design of living condi-
tions with respect to the interaction of microclimate and human health and comfort.

Keywords: physiological response to microclimate, random forest regression analysis, 
the internet of things, citizen science, environmental sensor, wearables

1. Introduction

Climate change has been one of the most urgent problems to confront in the 
21st century. The fifth report of the Intergovernmental Panel on Climate Change 
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(IPCC) confirms that human influence on the climate system is clear and growing, 
with impacts observed across all continents and oceans [1]. Climate change has been 
degrading the quality of life for every creature on Earth. Glaciers have shrunk, ice on 
rivers and lakes is breaking up earlier, plant and animal ranges have shifted and trees 
are flowering sooner [2].

From the United Nations World Urbanization Prospects in 2017, 4.1 billion people 
were living in urban areas [3]. This means over half of the world (56% in 2020) live 
in urban settings. Urbanization is happening rapidly and it also accounts for global 
climate change. The rapid and large-scale urbanization leads to severe land-use con-
version and impacts ecosystem services [4]. The latter refer to the direct and indirect 
contributions of ecosystems to human well-being. With ecosystems being damaged, 
human well-being is also affected. In the context of this pressing problem, urban 
microclimate studies have been gaining prominence due to rapid urbanization [5].

A microclimate is a small area within the surrounding larger area with a differ-
ent climate [6]. Any given climatic region therefore comprises many other types of 
microclimates, which vary in characteristics from the region as a whole. Because our 
planet in general is broadly conducive to life, we – as humans – have populated its land 
masses. Comparing the human scale to that of the various habitats in which we live, 
the difference of these scales means that changes in the climates of these habitats may 
disproportionately affect the conduct of our daily activities.

That is the reason why the authors felt compelled to explore the relationships 
between microclimate and our physical and mental well-being. It is self-evident that 
climate change has various effects on the well-being of a person. As human beings 
we are conscious and aware of our surroundings, and our responses to changes in 
microclimate may affect our emotions. To elaborate, climate change might precipitate 
changes to micro-climates to the extent that for those inhabiting these biomes, the 
changes might be detrimental to physical and mental well-being. For instance, a study 
by Liu et al. [7] concluded that “the increasing research interest in thermal comfort 
and health has heightened the need to figure out how the human body responds, both 
psychologically and physiologically, to different microclimates”.

This chapter reports a study conducted by students as an independent research 
project under the mentorship of a Research Scientist at the National Institute of 
Education, Singapore. In the Life2Well Project (Learning at the intersection of AI, 
physiology, EEG, our environment and well-being) identical units of a wearable 
device containing environmental sensors (such as ambient temperature, air pressure, 
infrared radiation and relative humidity) were designed and worn respectively by 
five adolescents from July to December 2021. Over the same period, data from these 
sensors was complemented by that obtained from smart-watches (namely blood 
oxygen saturation, heart rate and its variability, body temperature, respiration rate 
and sleep score).

Among others, our work was inspired by earlier work of [8], in which they 
concluded that modified urban microclimates have a deep impact on the comfort of 
inhabitants. Palme and Salvati lamented that while there have been various studies 
conducted on the effects of urbanization on microclimate and how microclimate has 
changed human health in efforts to redesign and restructure urban areas., there have 
been relatively fewer studies on the relationships between microclimate and human 
health and emotions.

We see one of the potential contributions of our work to be our use of self-
designed, low-cost, wearable units for measuring microclimate. The relatively low 
cost of these wearables has positive implications on the affordance of scalability, 
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and – consequently – on crowd-sourced citizen science in this as yet under-reported 
field of the relationships between microclimate and well-being.

2. Review of literature

2.1 The importance of microclimate

Microclimate has been defined as the suite of climatic conditions measured in 
localized areas near the earth’s surface [9]. Microclimate includes environmental 
variables such as temperature, light, wind speed, and moisture. It has been critical 
throughout human history, providing meaningful indicators for habitat selection and 
other activities [10]. Regardless of the global biomes in which we live, it is specifically 
microclimate that our bodies respond to, and not to the descriptors of the respective 
climatic region as a whole. For example, farmers have long used localized seasonal 
changes in temperature and precipitation to schedule their agricultural activities. 
Microclimate directly influences ecological processes and reflects subtle changes in 
ecosystem function and landscape structure across geographical scales [11].

As an example related to human health, microclimate in urban areas affects our 
thermal comfort [8]. However, relationships between microclimate and biologi-
cal processes are complex and often nonlinear. For example, plant distribution can 
be perceived as a function of light, temperature, moisture, and vapor deficit [10]. 
Therefore, just a subtle change in microclimate could cause detrimental effects on 
human emotions and health, aside from just thermal comfort.

2.2 Effects of urbanization on microclimate

Rapid urbanization, especially in developing countries, has led to large flows of 
migration to urban areas [12]. According to a 2021 report authored by the market 
research firm Statista, the degree of urbanization worldwide was at around 56% in 
2020 [13]. With rapid urbanization, changes to the urban environment and climate 
are inevitable [14]. The rate of urbanization is very high and anthropogenic effects on 
the climate of Earth are difficult to predict.

At local scales, activities associated with land use and land cover changes and 
urbanization induce impacts such as changes in atmospheric composition in water 
and energy balances and changes in the ecosystem [15]. By definition, ecosystems are 
interconnected, therefore a small change in any component can result in non-linear 
effects elsewhere. For example, according to a study conducted by Xiong et al. [16] 
in 2015 on the influence of different air temperature step-changes on human health 
and thermal comfort, perspiration, eye-strain, dizziness, accelerated respiration and 
heart rate were all sensitive self-reported symptoms.

Due to global climate change and intensifying urban heat island effects, urban 
living environments have deteriorated, becoming increasingly detrimental to human 
thermal comfort and health, not only psychologically, such as in terms of thermal 
sensation, mood, and concentration, but also physiologically by way of, for example, 
sunburn, heat stroke, and heat cramps [7]. They also cautioned that “global climate 
change and intensifying heat islands have reduced human thermal comfort and 
health in urban outdoor environments”. Other studies on re-naturing cities have 
found that changes to urban microclimate can potentially exacerbate the risks of 
meteorological hazards such as heatwaves. Heat-related issues pose an impact not 
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only to the environment but also lead to heat-related human health problems and in 
extreme cases, cause deaths [15]. This is only one aspect of how microclimate can 
affect humans.

3. Materials and methods

3.1 Collecting microclimate data

To collect microclimate data, a small portable device that could be worn on the waist 
was designed in order to measure the following ambient environmental conditions:

• Noise level

• Infrared radiation through light intensity

• The amount of dust

• Carbon dioxide concentration

• Temperature

• Relative humidity

• Air pressure.

In total, five such devices were built by the authorial team. Each device was worn 
by the first and second authors and by their adolescent peers. The devices measured 
12 cm by 6 cm by 2 cm respectively, and contained a low-cost sensor for each of the 
preceding environmental variables listed, together with a battery with sufficient 
capacity to power the sensors over the course of a typical day. The device could be 
secured to a belt by two regular clothes clips.

Every 15 minutes, each device would automatically log its measurements in to a 
designated cloud-based spreadsheet. At the same time, the device would ping the near-
est publicly-accessible weather station (as provided by the Singapore Meteorological 
Service) for the wind speed and wind direction prevailing at that time. Figure 1 shows 
schematics of the components, and Figure 2 shows an assembled device.

3.2 Collecting data on mental state and health

Biometric data was collected using three Huawei Honor Band 6 smartwatches and 
two Fitbit Sense smartwatches. Each smartwatch measured:

• SpO2: the oxygen saturation in blood, which is the amount of oxygen-carrying 
hemoglobin in the blood relative to its capacity; and

• Heart rate.

These two variables were used by both types of watches to generate a so-called stress 
score (the latter pertinent to waking moments and arbitrarily indexed from 1 to 100).
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In addition, the Fitbit Sense watches were able to measure:

• Skin temperature at the wrist (indicated as degrees Celsius off the baseline of 
core body temperature);

• Respiration rate (measured in breaths per minute); and

• Heart rate variability, which is the physiological phenomenon of variation in the 
time interval between heartbeats.

Heart rate variability was – in turn – indicated through the variables of:

• Root mean square of successive differences between successive beat-to-beat 
intervals (rMSSD)

Figure 2. 
Assembled wearable device..

Figure 1. 
Schematic of sensors for the wearable.



Creativity and Innovation for a Better World

170

• Low frequency, which indicates long-term variations in heart rate and reflects 
activity from both the sympathetic and parasympathetic branches of the auto-
nomic nervous system; and

• High frequency, which indicates short-term variations in heart rate and reflects 
activity from the parasympathetic branch.

Finally, the Fitbits used the duration of deep sleep, resting heart rate, and restless-
ness while supine, to suggest a sleep quality score (indexed from 1 to 100). According to 
Fitbit, this sleep score takes into account sleep duration, sleep quality, and restoration.

As a proxy for the state of mind of the five participants during their waking hours, 
they voluntarily self-reported against a ten-point Likert scale twice a day, once in the 
morning and the other before sleep. In earlier work by [17], it has been recognized 
that there is a high degree of connectivity among the neural structures of the brain 
and its systems. Emotions and cognition, although having separate features and 
influences, are dialectic, integrated and co-mingled in the brain. It has been suggested 
that emotions play a central role in the evolution of consciousness, influence the 
emergence of higher levels of awareness and largely determine the content and focus 
of consciousness throughout one’s lifespan [17]. As such, by attempting to explore the 
connections between participants’ feelings and corresponding biometric data, we can 
perhaps glimpse how participants respond physiologically and affectively when they 
are in a specific microclimate.

Given this background, the self-report online form consisted of four questions. Two 
questions invited the five participants to report their emotional and physical health 
based on prevailing microclimate at the time, against a ten-point Likert scale, while the 
other two questions invited them to elaborate on their respective responses in prose.

4. Findings

In total 43,579 data entries are collected from July to December 2021; after 
 cleaning, 43,434 data points were used. Reference values for carbon dioxide con-
centration are approximately 400 ppm, for PM2.5 dust 10 μg/m3 annual mean, and 
atmospheric pressure at sea-level is 1013.25 millibars (see, for example, [18–20]. From 
historical records, the diurnal temperature range of Singapore is 25 deg. C to 33 deg. 
C; relative humidity in the island nation ranges from 60–90% typically. From June to 
September, the climate of Singapore is influenced by the southwest monsoon, after 
which is the inter-monsoonal period of relatively weaker winds.

Data was analyzed using the Python libraries Sklearn and SHAP. Correlations 
were drawn based on a best-fit line graph between each respective microclimatic and 
biometric/well-being variable.

Random forest regression models were then performed. Random forest regression 
are supervised learning algorithms that use ensemble learning methods for regres-
sion. In turn, an ensemble learning method is a technique that combines predictions 
from multiple machine learning algorithms to make a more accurate prediction than 
a single model; in the case of the study reported, it used multiple regression models. 
Finally, outlier events were identified for subsequent investigation if necessary.

To measure the respective contributions of the various predictors (the micro-
climate variables) against the actual values, Shapley summary plots were gener-
ated from the training data. Shapley values can be thought of as the average of the 
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marginal contributions across all possible permutations within a given model. Simply 
put, Shapley values decompose a prediction to show the impact of each feature, by 
showing how much each feature contributed to the overall predictions.

The sections below elaborate on the respective contributions of each of the micro-
climatic variables measured in this study to selected biometric indicators and indica-
tors of well-being of interest. Within each section, a Shapley summary plot showing 
the contributions of the various microclimate variables to the given biometric/well-
being indicator is presented.

In the Shapley plots, variables are ranked in descending order of importance, and 
the situation of each dot along the x-axis shows whether the effect of that value is 
associated with a higher or lower prediction. Simple exponential smoothing was used 
on the models. Each environmental feature had its smoothed counterpart with the 
format: “(feature)_”, which was derived from values of that feature from preceding 
hours, with older values being exponentially less important than the current value. 
For example: for f(t), we have f(t-1), f(t-2), … affecting it, but f(t-1) will be of more 
importance to f(t) than f(t-2), f(t-3),… exponentially.

The features “0”, “1”, … “23” represent the hours of the day that data points were 
recorded, while “31” to “37” are days of the week (Monday to Sunday), which corre-
spond to the time of recording of those data points. These features are binary, so 1 or 
high means true and 0 or low means false. For example, if a data point was recorded 
on 6 AM on a Monday then “6” and “31” would be 1 and the remaining binary features 
would be 0. Finally, the color shows whether that variable is high (red) or low (blue) 
for that observation. In this way, Shapley summary plots combine feature importance 
with feature effects.

5. Associative relationships of microclimate and physical health

5.1 Heart rate

Figure 3 shows the Shapley Summary Plot of the associations of microclimate with 
the variable ‘heart rate’.

From Figure 3, the variable ‘heart rate’ is most strongly associated with the 
variable ‘carbon dioxide concentration’ (feature importance of 0.15), followed by the 
variable ‘sound’ (feature importance of 0.14) and by three variables which affects 
heart rate co-equally (feature importance of 0.08), namely ‘ambient temperature’, 
‘dust concentration’ and ‘air pressure’. From the above Shapley Summary Plot, the 
lower the carbon dioxide concentration, the lower the heart rate. As for sound, the 
higher the sound in the surrounding microclimate is, the higher the heart rate level. 
Similarly, the higher the pressure and dust concentration are, the higher the heart 
rate level while heart rate value decreases when ambient temperature increases. An 
interesting observation is that heart rate dropped from 5 pm onward.

5.2 Heart rate variability (rMSSD)

In the context of heart rate variability, rMSSD refers to the physiological phenom-
enon of variation in the time interval between heartbeats. Figure 4 shows the Shapley 
Summary Plot of the associations of microclimate with this variable.

From Figure 4, the variable ‘root mean square of successive beat-to-beat interval 
differences’ (‘rMSSD’) is most strongly associated with the variable ‘sound’ (feature 
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im-portance of 0.46), followed by the variable ‘dust concentration’ (feature impor-
tance of 0.09), then co-equally (feature importance of 0.07) by the variables ‘ambient 
temperature’ and ‘wind direction’. From the above Shapley Summary Plot, the higher 
sound is, the lower the rMSSD is. The higher dust concentration is, the lower the 
rMSSD. Similarly, the higher the ambient temperature and the more westerly the 
wind, the lower the rMSSD.

5.3 Skin temperature at the wrist

Figure 5 shows the Shapley Summary Plot of the associations of microclimate with 
the variable ‘skin temperature at the wrist’.

From Figure 5, the variable ‘skin temperature at the wrist’ is most strongly 
associated with the variable ‘sound’ (feature importance of 0.21), followed by the 
variable ‘dust concentration’ (feature importance of 0.13) and the variable ‘ambient 

Figure 3. 
Shapley summary plot of microclimatic factors and heart rate.
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temperature’ (feature importance of 0.12). From the above Shapley Summary Plot, 
the higher sound is, the higher the skin temperature. In attempting to interpret this, 
one might consider sound to be a proxy indicator of the nature of one’s immediate 
environment, which – in turn – may have attributes which results in physiological 
responses, including with respect to skin temperature. The lower amount of dust 
concentration present is, the higher the skin temperature. The higher ambient tem-
perature is, the higher the skin temperature but it rises at a lower rate.

5.4 Self-reported physical state

Figure 6 shows the Shapley Summary Plot of the associations of microclimate 
with the variable ‘self-reported physical state’.

From Figure 6, the variable ‘self-reported physical state’ is most strongly associ-
ated with the variable ‘sound’ (feature importance of 0.17), followed by the variable 
‘carbon dioxide concentration’ (feature importance of 0.15) and by the variable ‘dust 

Figure 4. 
Shapley summary plot of microclimatic factors and rMSSD.
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concentration’ (feature importance of 0.13). From the above Shapley Summary Plot, 
the higher level of sound, the higher the value of self-reported physical state. Similarly, 
the higher carbon dioxide concentration is, the higher the value of self-reported physi-
cal state. Finally, as dust concentration decreases, the value of self-reported physical 
state increases.

6. Associative relationships of microclimate and mental health

6.1 Stress score

The variable ‘stress score’ is generated by the smartwatches and is derived from 
oxygen saturation and heart rate. Figure 7 shows the Shapley Summary Plot of the 
associations of microclimate with this variable.

Figure 5. 
Shapley summary plot of microclimatic factors and skin temperature.
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From Figure 7, the variable ‘stress score’ is most strongly associated with the 
variable ‘infrared radiation’ (feature importance of 0.363), followed by the variable 
‘carbon dioxide concentration’ (feature importance of 0.226) and by the variable 
‘ambient temperature’ (feature importance of 0.104). The higher the infrared radia-
tion, the higher the stress level. As for carbon dioxide concentration, the higher the 
concentration, the higher the stress level is. For ambient temperature, the lower the 
temperature, the lower the stress level is.

6.2 Self-reported mental state

Figure 8 shows the Shapley Summary Plot of the associations of microclimate with 
the variable ‘self-reported mental state’.

Figure 6. 
Shapley summary plot of microclimatic factors and self-reported physical state.
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From Figure 8, the variable ‘self-reported mental state’ is most strongly associ-
ated with the variable ‘sound’ (feature importance of 0.18), followed by the variable 
‘carbon dioxide concentration’ (feature importance of 0.17) and by the variable 
‘dust concentration’ (feature importance of 0.13). From the above Shapley Summary 
Plot, the higher level of sound is, the higher the value of self-reported mental state. 
Similarly, as carbon dioxide concentration increases, self-reported mental state 
increases. Finally, self-reported mental state value decreases as dust concentration 
increases.

7. Discussion

The preceding analysis suggests that the more significant microclimatic factors 
are sound, carbon dioxide concentration and dust concentration. These factors were 
continually associated with high feature importance scores in both physical and 

Figure 7. 
Shapley summary plot of microclimatic factors and stress score.
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mental well-being measures, and in both objective scores recorded from electronic 
instruments and more subjective self-report forms.

We acknowledge that the true influence of each value is much more abstract than 
the assigned Shapley value due to the ‘black box’ nature of random forest regression; 
further we also acknowledge that model interpretability does not mean causality. 
Notwithstanding these caveats, we have chosen to share the Shapley plots in this paper 
because they allow us to examine the contributions of features in ways that can be 
easily understood and used to make inferences.

The associations reported in this paper bear out causal linkages reported by 
similar studies in the field. For example, Kessel et al. [21] have documented positive 
relationships between ambient temperature and both body core temperature as well 
as corneal temperature, and Che Muhamed et al. [22] have documented positive 
relationships between relative humidity and body core temperature.

As for heart rate, Randall and Shelton [23] found that “carbon dioxide excess 
causes an increase in ventilation volume by virtue of a greater depth of breathing, the 

Figure 8. 
Shapley summary plot of microclimatic factors and self-reported mental state.
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frequency decreasing slightly. The heart rate goes up with increasing carbon dioxide 
concentrations”. Verberkmoes et al. [24] have shared that “the influence of atmo-
spheric pressure and temperature on the incidence of acute aortic dissections may be 
explained by an increase in sympathetic activity, which is responsible for higher blood 
pressure, and heart rate”. Another factor that affects heart rate is dust concentration. 
As suggested in research by Pope et al. [25], elevated particulate levels were associated 
with increased mean heart rate, and decreased overall heart rate variability. Sound also 
plays a part in affecting heartbeat, according to past research – for example, [26] – the 
higher the noise level, the higher the heart rate. Heart rate drops at night when humans 
are sleeping. According to Ahmed [27], “a balance of impulse from the sympathetic 
and the parasympathetic nerves determine a person’s baseline heart rate. Interestingly, 
in experiments where a person’s nerve supply is blocked, the heart rate is often higher; 
this would suggest that the parasympathetic nerve impulses that serve to slow the heart 
rate down are the predominant force under normal resting conditions. This is particu-
larly evident at night when most people have a significant drop in heart rate”.

Heart rate variability has been shown to be influenced by carbon dioxide concen-
tration [28]. Our findings are congruent with studies which have elaborated on how 
and why heart rate variability is decreased with higher dust concentration [29], and 
with higher noise levels [30].

In terms of the associative relationships between microclimate and mental health, 
Mullins and White [31] have observed that “we find that higher temperatures increase 
emergency department visits for mental illness, suicides, and self-reported days of 
poor mental health”. In a similar paper by Sygna et al. [32], results suggested that 
“individuals with poor sleep quality may be more vulnerable to effects of road traffic 
noise on mental health than individuals with better sleep quality”. This position is 
congruent with that of the present study, in which extremes of sound levels were 
associated with both lower mental well-being and lower sleep quality (the latter as 
measured through sleep score).

As the present paper is inspired as a response to anthropogenic climate change, 
the extent to which carbon dioxide concentrations affect health and well-being is of 
interest. Kajtár et al. [33] have reported that well-being - as well as capacity to focus 
attention - both decline when carbon dioxide concentration in the air increases nearly 
tenfold to 3000 ppm.

The preceding parallels between earlier studies and the present study are encour-
aging, because a foundational paradigm driving our work was that of citizen science 
and the democratization of small-scale, low-cost research as enabled by data science 
and the Internet of Things (IoT). We assembled the wearables from off-the-shelf 
parts and coded them ourselves. Technology has enabled such democratization not 
only in terms of the (relatively) low cost of hardware and the open source movement 
in general, but also in terms of recent developments in data science and machine 
learning. The latter have meant that the large and burgeoning datasets associated 
with the use of IoT can be accessible and intelligible to wider cohorts of students and 
researchers. The parallels be-tween our work and earlier studies suggest that – going 
forward, in a world where anthropogenic climate change is a (sad) reality – mean-
ingful scientific and geographic inquiry can be undertaken by a much wider cross-
section of the general public than was once previously possible.

Several opportunities therefore suggest themselves for potential future work, 
which could take the form of either scaling up or translation to investigate other 
microclimatic variables (such as the role of infrared radiation on well-being), biomet-
ric indicators (such as readings from electroencephalograms) and socio-demographic 
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contexts. These and other possible avenues for future work will go some way to 
addressing the limitations of the present study, foremost among which was the 
movement restrictions associated with the necessity to follow COVID-19 protocols 
throughout the duration of the study. These movement restrictions meant that the 
microclimates sampled were necessarily limited in variety. It is hoped that possible 
future extensions of this study in 2022 may not be as constrained.

8. Concluding remarks

The study reported in this paper set out to investigate the associative relationships 
between microclimate and physiological responses and well-being. We approached 
the investigation from the perspective of citizen science, conceptualizing, design-
ing and fabricating what we could. We analyzed the resulting datasets informed by 
contemporary understandings of data science and machine learning.

Our results suggest that sound level, carbon dioxide concentration and dust 
con-centration feature more importantly in regression models trained on our data-
sets. These findings are congruent with preceding studies, and we see a primary 
contribution of our work as the demonstration that – in an age of anthropogenic 
climate change – broader cohorts of students, researchers, and the general public have 
potential access to tools, methods and means of analyses that were once deemed only 
within the reach of a privileged few due to reasons of cost, fragility, and complexity.

It is our hope that our study contributes in a small way to a body of work to help 
urban planners, designers of living spaces, caregivers – among many others – concep-
tualize modes of human habitation in sympathy with the needs of our planet, in an 
era when humankind has more potential than it has ever had to influence biomes in 
general for better or for worse.

In conclusion, it is important to seek to understand the complex and non-linear 
relationships between microclimate, physiological response and well-being. This 
paper has reported a study conducted by students in which wearable devices contain-
ing environmental sensors were designed and worn from July to December 2021. Over 
the same period, data from these sensors was complemented by that obtained from 
smartwatches. We hope to contribute to the body of literature on the relationships 
between microclimate and well-being. It is our hope that this wider body will catalyze 
subsequent studies to address health problems arising from climate change, in order 
to boost productivity and life satisfaction in the not too distant future.
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Abstract

From the merge of arts and crafts towards practice for mass production of 
 desirability, consumption, and product development in a capitalist economy of 
scale, design has lost its natural ability of problem comprehension and tension alle-
viation. The modern world needs creativity, flexibility, and responsiveness embed-
ded into design practices, mostly when a behavioural change, either individual or 
organisational, is intended. Still, the informality nature of the field is creating a gap 
between the study, research, and industrial design practice. Here, it is presented 
the Biology of Creativity Model (BoC), which is a design-by-analogy method that 
promotes an empowered design and creative practice through analysis of mostly 
biology reference texts for enhanced creative performance in a diverse array of 
contexts.

Keywords: design education, creativity, design model(s), analogical reasoning, 
bio-inspiration

1. Introduction

Design has been exploring artistic fields; however, its practice has been 
 neglecting other fields of knowledge. The multifactor nature of current challenges 
is paving the way for wider perspectives about the practice of design [1]. Therefore, 
in recent years, biology has entered the design field as a discipline of inspiration and 
manufacture [2–4], through analogy [5–7] and abstraction-based design models 
and processes [8–10]. However, in contrast with other sciences, the design field is 
coined with a fragmentation of its body of knowledge, which makes it harder to 
solidify new discoveries into a standardised practice [1, 11]. Therefore, it is para-
mount to foster a simple language upon which further methodologies can be built 
on, increasing the design-led practitioners to solve planetary challenges in a more 



Creativity and Innovation for a Better World

186

comprehensive way. In terms of creativity, the practice needs a build-up and a more 
concrete approach that could deviate the field from the elite, highly qualified top-
tier ranks of organisations [12].

2. The problem of design

The current challenges for designers are systemic since the boundaries between 
objects, structures, systems, and processes are less defined and much more continu-
ous and evolving [11]. It may seem obvious, but the speed of change unveils a chal-
lenging question for the current design paradigm, which is the inability of approaches 
developed in the twentieth century to solve twenty-first century challenges. We live 
in the storm of the fourth industrial revolution, and it is disrupting the production, 
management, and government realities we have known for several decades [13]. 
Therefore, designers need to be empowered by new competences in the physical, 
digital, and biological spheres [14].

2.1 A new educational approach for design and creativity

A novel transformation in design and creativity is necessary, one that encom-
passes a refocus of the design and creative practice, that merges the individual, 
industrial, and governmental behaviours that allow a healthier planet, safe from 
disastrous human activities that could potentially eliminate the risk of a global 
emergency. So, a suitable approach in design and creativity education must embrace 
a deep awareness for a competency-based model that paints a picture for the student 
rather than starting from the ‘blank’ [15]. If not diverse and independent, design 
and creativity education will form students with tendencies for those biased and 
standard practices and strategies, hampering their career development. Whilst seek-
ing confirmation and comfort design students will undermine their full and unique 
potential [15–20].

2.2 A revitalised creative practice

At today’s perspective, the practice of creativity has lost the critical thinking 
referential through which designers and other professionals ask themselves what the 
necessary ‘whys’ and ‘hows’ are for a good design and for a certain desired effect [21, 
22]. The current limited scope of creative practice is seen in the absence of designers 
and artists in the decision-making I, not to mention the difficulties to standardise the 
formal methodological body related to ambiguity, inspiration, insight, etc. [22]. This 
is contrary to science or management areas, where there is abundant standardisation 
in the methodological frameworks [1, 11]. According to Whitney and Nogueira [1], 
‘design continues to produce novel solutions to specific problems but falls short in 
building knowledge that acts as a context for the various activities we call design’. 
Therefore, it is urgent a novel and rigorous approach to empower designers and 
creative professionals. Simultaneously, it is also urgent to exponentially increase the 
creatives’ comprehension of the broader setting where they operate. Additionally, 
the focus of comprehension in creativity has been too linked to the creation, leaving 
knowledge gaps in the creative process. The creative process is a dynamic set of acts 
that deserves better attention and study to depart from the incompleteness that the 
theories of creativity proposed so far [23, 24].
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3. Biology of creativity model

3.1 Definition and purpose

The Biology of Creativity (BoC) model is an internationally acclaimed process 
of innovation and creativity that makes use of reference texts originated essentially 
from biology to perform critical analogic thinking. This model has been imple-
mented and tested worldwide through a set of workshops in various contexts, such 
as educational and corporate programs. The underlined provocation follows the 
question: What we ought to know about design if we only know and stay within the 
design field?

Therefore, the purpose of the BoC model is to facilitate the relationships between 
different areas of knowledge by the meaning of straightforward abstractions that will 
interact among themselves, creating a fertile ground for creativity and innovation to 
happen in a multitude of contexts [25]. This way the BoC model produces abstrac-
tions that allow the better comprehension of dissimilar phenomena. The resulting 
descriptive equation occurs from their detected similarities. The ultimate goal is to 
empower the creative and innovative processes of people and organisations, irrespec-
tive of their modus operandi, allowing a healthier and necessary maturation period in 
order to achieve a more complete productivity.

3.2 The BoC model process

One word is worth more than a thousand images. The interaction between texts is 
a relevant form of comprehension of psychological, social, and economic phenomena 
[26, 27]. Each text, paragraph, word, and each element gathered from a group of texts 
form a coherent content that originates a collective and multiple entity that evolves 
and renews itself into new, different, and unexpected perspective-dependent con-
figurations. Therefore, the comprehension of texts is a powerful and simple method 
to create an ever-renovated movement of comprehension.

In physics, anisotropy is usually defined by a body’s responsive behaviour when 
stimulated to act in different spatial directions [28, 29]. Thus, the same can be 
assumed when an array of discrepant perspectives (that may be related to modern 
trends, music, arts, or even to scientific fields) are applied to the comprehension of 
texts. This event creates an uncomfortable perception that generates curiosity, reflec-
tion and, potentially, innovation and creativity.

The incorporation of a single new element creates a disequilibrium due to the 
non-stable character of the properties that are originated from the comprehension of 
a group of texts. Such disequilibrium is not trivial and encompasses the basic notion 
of resiliency happening throughout the learning process, which may be defined by the 
interchange of equilibrium and disequilibrium states [28, 30].

According to literature, there are several benefits of using design-by-analogy 
models. They are mostly related to the novelty of ideas, and they were defined as 
the ‘threshold of open goals’ (keeping the original goals in the short-term memory 
while performing analogical thinking), ‘narrowed scope of design space’ (through 
the design fixation problem), ‘full functionality points to (holistic) system level of 
design, limited functionality points to limited scope of problem’ (by addressing the 
big picture of the design problem), ‘difficulty in mapping narrow functionality’ 
(allowing a better comprehension through the use of less functional analogies), 
‘more functionality equals to more opportunity for analogical transfer’, and ‘potential 
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sweeter spot in level of functionality’ (through the combinatorial effect of the 
analyses) [31]. Although, these assumptions were not directly addressed in the BoC 
model. The intention of the BoC model was to simplify the analogical effort of the 
participants by making use of a stepwise process with facilitating tools to expand 
and improve the fluidity of creativity and innovation processes, taking advantage of 
reference texts mainly sourced from the biological sciences.

3.3 Methodology

The BoC’s methodology starts from the assumption that all companies, organisa-
tions, processes, products, territories, etc., continuously compare past experiences, 
and design and update their point of view as active members of society [32–35].

In a broader design of innovative and creative content and processes, a relationship 
between disperse elements is established which forces the design approach to respond 
to the new information. In summary, relationships might occur in two main spectra: 
spatially—resulting from distant elements—and temporally—resulting from time—
separated elements. Therefore, these two spectra potentially originate constructs that 
can be homogeneous (constituted by similar elements) or heterogenous (constituted 
by dissimilar elements).

In practice, the BoC model is constituted by four phases and two facilitating work-
ing tools. Thus, the BoC model is a closed model represented by a guidance reference 
letter that is explained as follows:

i. Phase 1: Information is characterised by a contextualisation of the texts to be 
analysed;

ii. Phase 2: Objectives are characterised by the definition of what is meant to be 
achieved;

iii. Phase 3: Actions are characterised by the enunciation of the planned activities;

iv. Phase 4: Project is characterised by the practical definition of the project 
structure and consequent action plan.

3.4 Scientific assumptions

The scientific conjecture of the three first phases—information, objectives, and 
actions—is developed by means of reflection exercises based on analogic thinking. 
Every moment and thinking step of the BoC model are based on the exposition of 
reference texts in the form of paragraphs. These paragraphs are curated from a diverse 
array of fields of knowledge, predominantly from biology, but also from economy, 
anthropology, archaeology, genetics, psychology, sociology, cosmology, history, 
etc. The intentional appropriation of other disciplines has the intention to provoke 
associations between the texts, images, and subsequent constructs. The BoC model 
promotes analogical thinking between these texts and organisations, companies, 
products and services, territories, etc. Moreover, the achieved text-text or text-image-
construct associations resemble a spatial resonance—possessing a semantic elasticity 
through approximation and separation—, and a temporal resonance—in a chrono-
logical perspective.
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The correspondent extrapolation to putative new realitIes is participant-depen-
dent since they belong to different contexts (e.g., companies, organisations, processes, 
products, territories, etc.). In each of the first three phases, it is asked three questions 
mainly coming from the biology field. These questions invite the participants to 
further ask questions in relation to their own setting, in an innovation and creative 
manner. Phase 4—project is developed in terms of a new project, taking into consid-
eration its characterised elements and their relation to the theoretical scope of the 
previous Phases.

3.5 Phases: information, objectives, actions, and project

3.5.1 Phase 1: information

During this phase the goal is to answer the following questions through the refer-
ence texts as guidance:

A—Are we homogenising the environment?;
‘Among other organisms, the genetic variability in insects is negatively affected in 

more populated human area. Additionally, the human interference in the more remote 
areas is stressing insects’ populations as well. As an example, researchers have found 
that the introduction of European plant species in Antarctic remote islands decreased 
the local insect’s species’ richness. We are homogenising the environment’ [36].

A—Are we homogenising the products?;
Analogically, we may state that the variability between products is less in more 

populated areas. Additionally, the interference that exotic products exert on local 
cultures is contributing to the local products’ extinction, or at least overshadowing 
them. We may say that the introduction of exotic products in more remote locations 
tend to uniformise local products. Therefore, we are homogenising the products.

B—City birds have an increased capacity to approach strange objects?
‘The neophiliac attitude, i.e., the animals’ ability to approach and interact with 

uncommon objects, is seen for instance in the increased capacity that city birds have 
to approach strange objects in comparison to non-city birds. Thus, the city birds are 
less cautious than usual when facing the new and strange objects present in their envi-
ronment for evolutive reasons’ [38].

B—What companies, organisms, etc., have the capacity to approach uncommon 
environments?

Analogically, we may state that there are neophiliac companies and enterprises, 
with the ability to approach and explore uncommon environments. This behaviour 
manifests itself in the ability and interest that multinational companies have in 
approaching strange contexts in a swift manner compared to local ones. Multinational 
companies are less cautious than usual in relation to the risk they assume for new and 
unknown objects present in their environment.

C—Are we becoming only capable of prosper in specific habitats?
‘The evidence leads us to believe that the human species—generalist and able to 

colonise every environment—is quickly becoming in a specialist species, only able to 
prosper within specific habitats, like our cities. We can describe our cities using the 
concept of ecological niche, embodied by the habitat’s essential characteristics; the 
only place where our specialisation path is allowing the best survival chances’ [39].

C—What companies, organisms, etc., have the capacity to approach uncommon 
environments?
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Analogically, we state that companies, organisms, etc., possessing a generalist 
profile (able to adapt different environments) are becoming specialists, only able to 
prosper in specific habitats/contexts/markets. We may also describe most companies 
using the concept of ecological niche, embodied by the habitat’s essential characteris-
tics; the only place where our specialisation path is allowing the best survival chances.

After this phase, it is introduced a theme associated with one sociological context 
that aims to:

i. Its own relation to the three analysed reference texts;

ii. Its succession (by concatenation) outcome, seen as cause-effect relation;

iii. The generation of emergent properties, where each reference text’s limits are 
blurred allowing the appearance of culturally enriched undefined constructs.

3.6 Phase 2: objectives

During this phase the goal is to answer the following questions through the refer-
ence texts as guidance:

A – Do the communities only last while persist the conditions that helped them to 
start?

“Groups of species temporally and spatially bounded create the illusion of stabil-
ity, but these communities can only last while the initial base conditions persist. 
When the biome conditions change, it does not matter if temperature, acidity, season-
ality, or rainfall, many present species loose equilibrium. To some that means migra-
tion, following the environmental shift throughout the landscape like many plants did 
during the last glacial period” [37].

A – Do the communities of companies, organisms, … and products, can only last 
while persist the conditions that helped them to start?

Analogically, communities of companies, organisms, … and products, in a tem-
poral and spatial symbiotic relationship, may create the illusion of stability, because 
in practice they can only last while the initial base conditions persist. So, when the 
conditions change, part of their elements may lose balance. To some companies, 
organisms, … and products, this condition may mean migration to other markets.

B—Do animals and plants have a kind of evolutive capital?
‘The permanent genetic variation is, thus, some sort of evolutive capital, that 

allows the species in possession of such capital to take advantage of its genetic wealth, 
and to quickly produce any combination of genes required by an altered environment. 
Animals and plants, for instance, in need to adapt to an added element in the envi-
ronment, do not need to wait to mutations to happen. In most cases, the necessary 
genetic variations are already there’ [38].

B—Do companies, organisms, etc., and products have some sort of evolutive capital?
Analogically, we may observe that companies, organisms, etc., and products in 

possession of evolutive capital—allowing them to take advantage of their genetic 
wealth, such as experiences, technologies, and processes—quickly produces any com-
bination of characteristics required by an altered market environment. Companies, 
organisms, etc., and products that, for instance, need to adapt to an added market 
element, do not need to wait until deep mutations occur. In most cases, the necessary 
variations are already there.

C—Can we have different results when starting from the same DNA?
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‘We know that the human skin can darken tan if exposed to sunbathe and the hair 
can lighten. In most of our physical features both nature and environment’s influence 
play a role. And it applies to all animals. That is what is called plasticity, in which 
different results may occur when starting with the same DNA. For instance, when 
we observe a difference in the colour between the populations of the same animal or 
plant species living in different ecosystems, it may be an example of plasticity’ [38].

C—Can the same inherent characteristics in companies, organisms, etc., and 
products, may have different results?

Analogically, in some companies, organisms, etc., and their products, the inher-
ent characteristics are not everything. There is a group of emergent characteristics 
that result when the environment’s influence enters into play. That is what is called 
plasticity, in which different results may occur when starting with the same inherent 
characteristics. For instance, when we observe differences in different environments, 
it may be an example of plasticity.

After this phase, similarly to the previous phase—information, it is introduced a 
theme associated with one sociological context that aims to:

i. Its own relation to the three analysed reference texts;

ii. Its succession (by concatenation) outcome is seen as cause-effect relation;

iii. The generation of emergent properties, where each reference text’s limits are 
blurred allows the appearance of culturally enriched undefined constructs.

3.7 Phase 3: actions

During this phase the goal is to answer the following questions through the refer-
ence texts as guidance:

A—Are there organisms that adapt to other organisms that in turn can evolve?
‘There is one type of evolution, empowered by the unlimited possibility of the 

adaptation process, that is observed when one organism must adapt not to something 
physical, but to other organism, that in turn may evolve. The evolution of one part 
stimulates the evolution of the other and has one ecological interaction that connects 
both organisms as a net result, as two engaged species in a single continuous relation-
ship of predator/prey, evolving continuously, both in the scope of processes, or the 
offensive/defensive techniques’ [38].

A—Are there companies, organisms, etc., and products that adapt to other entities 
that in turn can evolve?

Analogically, there is one type of evolution in companies, organisms, etc., and 
products that is empowered by the unlimited possibility of the adaptation process, 
that is observed when one company, organism, etc., or a product evolve and adapts to 
other company, organism, etc., or product, that in turn can evolve. The evolution of 
one part stimulates the evolution of the other and has one interaction that connects 
companies, organisms, etc., and products between themselves, becoming engaged 
in a continuous relationship with the purpose of, for instance, one overpowering the 
other, or that they progress together.

B—Can two plants unite into one unique individual under particular 
circumstances?

‘By Merging two bionts—independent living material units—through a graft, we 
may in theory, create a new plant that unifies the positive characteristics, such as two 
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apple trees, i.e., a new apple tree that is simultaneously resistant to drought and able 
to produce magnificent apples. Two similar plants that face permanent contact, for 
instance, at the trunk or between branches, can, under particular conditions, merge 
into a unique individual, by inserting a part into the other’ [39].

B—Can two companies or products unite into one unique individual?
By merging two companies, organisms, etc., or products through a graft, we may in 

theory, create a new company or product that unifies the positive characteristics, like 
two products, that is, a new product that is simultaneously adaptable to two differ-
ent environments. Two companies, organisms, etc., or products that face permanent 
contact, for instance, by being present in the same market, can, under particular 
conditions, merge into a unique company, organism, etc., or product, by inserting 
some characteristics from one into another.

C—Is it possible that some temporary combinations last longer than others?
‘There is no differential reproduction in the abiotic world, but we may get varia-

tions of differential persistence: some temporary pieces’ combinations last longer 
than others, thus having more time for reviewing and adjustments. The differential 
persistence must, somehow, transform itself gradually into differential reproduction, 
multiplying its advantage by… multiplication. The differential reproduction may 
happen because of a “lucky collision” of two non-related elements, “serendipity”, with 
a happy outcome, as opposition to a “demolition” with a destructive outcome’ [40].

C—Is it possible that some temporary combinations of elements last longer than 
others?

Analogically, both in the context of companies, organisms, etc., as in products, 
some temporary combinations of elements, characteristics, technologies, materi-
als, markets, etc., last longer than others, thus having more time for reviewing and 
adjustments. The differential persistence must, somehow, transform itself gradually 
into differential reproduction, multiplying its advantage by… multiplication. The 
differential reproduction may happen because of a ‘lucky collision’ of two non-related 
elements, ‘serendipity’, with a happy outcome, as opposition to a ‘demolition’ with a 
destructive outcome.

After this phase, similarly to the previous phases—information and objectives, it is 
introduced a theme associated with one sociological context that aims to:

i. Its own relation to the three analysed reference texts;

ii. Its succession (by concatenation) outcome is seen as a cause-effect relation;

iii. The generation of emergent properties, where each reference text’s limits are 
blurred allows the appearance of culturally enriched undefined constructs.

3.8 Phase 4: project

The three questions presented during this phase show the idea of concatenation as 
an assumption, which results from a previous association, and in succession with the 
three reference texts discussed during the previous phases. Thus, starting from Phase 
1—information, until Phase 3—actions, there is an objective rationale directed to the 
context of project, and under the scope of a cause-effect relationship.

A—What is the reference board, the context, and the elements of the project?
This happens when each project’s proposed element has a meaning that depends 

upon a reference context.
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B—What are the combinatory probabilities/possibilities between the project’s 
elements?

This happens because of the possible number of modes, in which a group of ele-
ments, context, and reference board, can be exposed or combined, thus resulting in a 
possible project’s ‘object’.

C—What are the emerging properties resulting from the pertinent combinations?
This happens when the project’s ‘object’ results in a property/characteristic that 

does not come from the description of its individual elements but from the interaction 
and junction between the elements to form an entity.

During development of Phase 4—project, it is introduced themes from the scope 
of sociology, anthropology, culture studies, etc., that stimulate and focus a better and 
broader contextualisation for the working projects, that polarises themselves among 
a strategic dimension like the incorporation of design within organisations; passing 
through communication actions like the creation of narratives; until the corporeality 
of ‘products’.

4. Extenders and Unlockers

Extenders and Unlockers are active working tools that are used during the entire BoC 
process. Extenders have the objective of extending a particular subject or text towards 
another reference resource, or towards a similar theme, thus improving its comprehen-
sion. They are usually used during Phase 1—information, Phase 2—objectives, and 
Phase 3—actions. Unlockers are mostly used during the Phase 4—project, and their 
objective is to unlock certain project moments that, for some reason, presented hurdles 
for the creative progression. The Unlockers are texts that allow a better decision-making 
process based on the elements of the project and let the widening of the observing and 
thinking ability of the audience. Therefore, Unlockers present a practical feature of the 
project, improving the deliberation of its actionable parameters.

In summary, Extenders and Unlockers’ aim is to facilitate the learning of concepts 
and the materialisation of project’s constructs. These two tools are used in accordance 
with particularities related to the target audience, the quality, and characteristics of the 
previous considerations, analogies, and associated themes analysed and generated.

4.1 Examples of extenders

As an example, we may refer to a first text that can be introduced in the  reflection 
process, that points to the concept of ‘entanglement’ that results when quantum 
particles entangle each other and thereafter cannot be described as independent 
particles. This concept allows for instance to reinforce texts and questions enunciated 
in the Phase 3—actions, such as ‘Can two plants unite into one unique individual 
under particular circumstances?’; which in turn refers to an associated question: ‘Can 
two companies or products unite into one unique individual?’

As a second example of Extenders, we may refer to a second text that can be 
further introduced which mentions to the idea of ‘speciation’ that results from the 
process upon which natural populations evolve to become distinct species, generating 
variety. Similarly, to the previous extender text, it allows for instance the reinforce-
ment of texts and questions enunciated during the Phase 2—objectives, such as ‘Can 
the same inherent characteristics in companies, organisms, etc., and products, may 
have different results?’
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4.2 Examples of Unlockers

As examples of Unlockers, we may refer a first text that points to the concept of 
‘counter examples’, which results from the association between negative and positive 
examples, which in turn focus on the relation between characteristics that oppose 
each other and so they can be contained or excluded into a project’s ‘object’, allowing a 
better objects’ definition.

A second example, acting in sequence from the previous Unlocker, refers to the 
concept of ‘polarity’, which results from the higher or lower tension between two 
opposing elements, and that are defined in the scope of the same project’s ‘object’, or 
between ‘objects’.

5. Reflection’s example

Following the next examples, the purpose of the BoC model can be stated in thesis 
as the reflection and identification of elements aiming at the careful definition of an 
action plan.

5.1 Example 1

Let us take as example one real ‘problem’ that can interfere in the context of 
companies’, organisations’, processes’, products’, territories’, etc., activities, that is 
mentioned in the Jeremy Rifkin’s book entitled ‘The Zero Marginal Cost Society: The 
Internet of Things, the Collaborative Commons, and the Eclipse of Capitalism’:

‘Everywhere a younger generation is sharing bicycles, cars, houses, clothes, and 
many other numerous articles, preferring the access to the possession. An increasing 
number of young adults choose not to have branded articles in favour of more generic 
ones or brands with a higher purpose. These youngsters are revealing themselves 
as much more interested in the materials’ goods usability value, rather than in the 
interchangeability or status value. An economy of share comprised of collabora-
tive prosumers is, in its genesis, a more empathetic and less materialistic one. The 
unbridled consumption was replaced by an economy of sharing’ [41].

This reference text refers to the essential question—Are companies, organisations, 
processes, products, territories, etc., prepared for a shift in the economy that tends 
to a greater extent to sharing and to the common goods? In this context, what ele-
ments are necessary to answer this new reality, in the scope of the questions enunci-
ated in the BoC model, such as ‘What companies, organisms, etc., have the capacity 
to approach uncommon environments?’, or, ‘Are companies, organisms, etc., only 
capable of survive in specific markets?’ In summary, do companies, organisms, etc., 
that show elements pre-adapted to the new context have more chances to adapt and 
thrive in the new reality characterised by the change in the economic paradigm?

5.2 Example 2

Let us take as example one real ‘problem’ that can interfere in the context of 
companies’, organisations’, processes’, products’, territories’, etc., activities, that is 
mentioned in the Gilles Lipovestky’s book entitled ‘Le Sacre de L’autenticité’:

‘There is no exclusive value attributed to the singularity of subjects, but also to 
the singularity of objects; there is no exclusive fidelity’s glorification to the subjective 



195

Biology of Creativity: A Nondesign-Inspired Model to Enhance Creativity and Innovation Skills
DOI: http://dx.doi.org/10.5772/intechopen.112738

self, but also to the fidelity of brands in relation to themselves; there is no exclusive 
appreciation for the ‘natural’ behaviour of people, but for the ecological products that 
respect the environment as well. The authenticity ideal, originally intra-personal, 
penetrated in the universe of the ‘things’ and of the company: we desire, everywhere, 
meaning, truth, transparency, naturality, sincerity, and fidelity to the new self. The 
hypermodern universe is characterised by the authenticity ethics’ extension to the 
products’ saleable sphere’ [42].

This reference text refers to the essential question—Are companies, organisations, 
processes, products, territories, brands, etc., prepared for a fidelity ideal towards them-
selves, one of authenticity that penetrates the universe of products, and to the creation 
of transparent and truthful narratives? In this context, what elements are necessary 
to answer this new reality, in the scope of the questions enunciated in the BoC model, 
such as ‘Are we homogenising the products?’, and ‘Do companies, organisms, etc., and 
products have some sort of evolutive capital?’ In summary, do companies, organisms, 
brands, etc., have an evolutive capital that distinguish themselves as the singular 
authentic subjects, that allow them the creation of transparent and truthful narratives? 
And that in a way that allows them the creation of non-homogeneous products in the 
cultural context that tends to the globalisation trend and loss of identity?

6. Evaluation and results parametrisation

The BoC model, its process and setting, throughout its four phases—information, 
objectives, actions, and project, permit the identification of a transversal structure of 
innovation and creativity, and allows the evaluation and parametrisation of the 
obtained results. Hence, by the identification of variables, features, and patterns, 
the participants improve their operative lexicon, thus granting the development of 
the BoC model itself as well.

Specifically, the BoC model makes use of four expansive parameters for its evalua-
tion and parametrisation:

i. Creative cycle;

ii. Imaginative capacity;

iii. Patterns’ identification; and

iv. Lexicon enrichment.

6.1 Creative cycle

The first parameter is related to the creative cycle offered by the BoC model and it 
can be defined by four distinct creative moments observed by the:

i. Capacity of identifying pertinent texts;

ii. Capacity of apprehend and formulate abstractions; and by the

iii. Capacity in completing the creative working sequence, and generating new 
objects of knowledge.
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6.2 Imaginative capacity

The second parameter is related to the imaginative capacity in analysing dissimilar 
texts with a variable degree of distance, which implicates a variable and associated 
imaginative capacity to build interesting, innovative, and creative narratives.

6.3 Identification of patterns

The third parameter is related to the identification of patterns. It results from the 
identification of words and meanings from the exposed texts that motivated ana-
logic thinking and further lead to a better comprehension of practical realities. This 
capacity depends on the audience and its efficacy varies depending on the tailored 
introduction of different perspectives.

6.4 Lexicon enrichment

The fourth and last parameter is related to the lexicon enrichment throughout the 
process, and it is observed by the increase of the available lexicon. In practice, the 
quality of the available lexicon is observed by the participants’ improvement of think-
ing, comprehension, and description of the exposed realities. The Phase 4—project is 
the one that enables the validation of the achieved progress, by the evaluation of more 
elaborated and meticulous definitions.

7. Application

The BoC model here presented was previously developed, tested, and optimised 
in a set of workshops realised in the context of University Programs (Bachelors, 
Masters, and PhDs programs) and Research Groups, Business Associations, and 
blended groups of students and professionals, in Spain, Italy, Brazil, Portugal, Japan, 
and China.

The BoC model can be applied during workshop sessions that are developed 
during an ongoing methodology of 16 hours. The practice is preferably divided into 
four sessions occurring on different days. A single phase—information, objectives, 
actions, and project—is developed during each session.

At the beginning and at the end of each workshop session and in accordance 
with the audience’s profile, four questions are asked to implicitly influence every 
BoC model phase—information, objectives, actions, and project. They have the goal 
to analyse the progression and improvement in the reflection and comprehension, 
and innovation and creativity skills of the participants during the entire process. 
Therefore, the BoC model assumes the main purpose of improving such skills in a 
tangible way. The questions are:

i. What is the surrounding sociological perspective of your organisation?

ii. What are the actionable points that you wish to obtain and develop?

iii. What ‘products’ do you hope to make?

iv. What are the particular features that these new ‘products’ must possess?
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Consequently, the answers to the same questions happening at the end of the 
workshop must reveal an improved capacity of creative competence, observed 
by a more complete ‘Creative Cycle’, a greater ‘Imaginative Capacity’, a better 
‘Identification of Patterns’, and a clear ‘Lexicon Enrichment’.

Additionally, these four evaluation parameters serve the diagnostical purpose for 
a variety of audiences, such as companies and organisations, and to creative practi-
tioners (such as designers) as well. These parameters allow for the tangible evaluation 
of competences for innovation and creativity. So, it is possible that one entity may 
be able to critically observe and comprehend practical realities using abstractions, 
although being unable to complete the creative process and consequently unable to 
generate new objects of knowledge. This setting is casually observed, and it may be 
explained by the homogenisation of the technical and managerial competences within 
the organisation. Other causes may also explain this dogmatic setting like the absence 
of progressive learning practices [32], the exclusive orientation towards specific and 
known markets [43, 44], thus avoiding the risk-taking activities associated with the 
exploration of unfamiliar environments [45, 46]. Such limitations are aggravated by 
the utilisation of a poor lexicon in the definition of strategies, objectives, and other 
leadership decisions [22, 24, 47, 48].

8. Conclusions and future work

In the case that companies, organisations, processes, products, territories, etc., in a 
first moment must have the capacity of moving between apparently dispersed signals, 
in an expanding attention, that widen the horizon, in a second moment, they must 
have the capacity of concentrating themselves, ignoring and selecting the pertinent 
signals. It is this transition process, from a space of attention to a space of concentra-
tion that characterises the BoC model, throughout the four phases—information, 
objectives, actions, and project. Additionally, it is also the main objective in the 
context of companies, organisations, processes, products, territories, etc., to provide 
them with a new biology of creativity and innovation, making them able to widen 
and coordinate multiple areas of knowledge targeting the broad scope of the creative 
practice. And to provide them the capacity to reconfigure, optimise, and continuously 
update their activity in a broader perspective of content and processes’ design, but 
mostly in a more active perspective towards a richer, more complex, and challenging 
society.

Lastly, and referring to the initial question—in the context of a ‘Biology of 
Creativity’, is there a maturation time necessary for a company, organism, etc., or 
product to reach their complete productivity?—Yes, as an embryo develops until it 
reaches adulthood, there is the need to some years for a child to reach her complete 
productivity, fully able to be integrated in society. Analogically, companies, organ-
isations, processes, products, territories, etc., also need time to make reviews and 
adjustments to fit into society.

Contrary to other disciplines where the focus is dedicated to the understanding 
and analysis of the target phenomena, design, and creativity are disciplines focused 
on the synthesis and creation of novel things [11, 24]. Hence, it is obvious that 
design and creative teaching and practice must incorporate a wide range of disci-
plines, mostly outside of the design realm, such as business administration, ethics, 
and sociology, biology, and ecology, to be able to better fit into a multisectoral 
context [24]. Accordingly, the noticeable climate crisis constitutes evidence of the 
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opposite point, that design has promoted an unbalanced practice in a world hit of 
constant crises.

The power of the BoC model relies on the use of non-design text references to 
expand the comprehension, lexicon, and action of the participants, irrespective of 
their provenience. The observed creativity empowerment is a natural achievement of 
the BoC model that is encouraged by the reasonable easiness of interpretation of the 
novel texts, allowing a practical comparison with the current reality of each partici-
pant’s sociological context. Thus, the participant is urged to act upon the new ability 
to analyse and compare, creating space for a more motivated, active, and responsible 
individual in an ambitious and empowered action plan.

The BoC model forces the questioning of diverse elements and features that 
constitute the structure of a manifold of cases studies. Thus, the BoC model helps cre-
ativity professionals, innovators, companies and organisations, and other entities in 
general, to develop capacities of reflection and action in the innovation and creativity 
setting. This is achieved by employing an easy-to-apply stepwise framework consti-
tute of different phases that walk the talk of creativity. The discomfort some partici-
pants feel while working with the BoC model is normal and should be interpreted as 
natural. However, those discomforts must be attenuated during the work promoted 
by the BoC model.

In terms of the scientific literature associated with the BoC model, design-by-
analogy methods are what are explored during the work plan. These methods mainly 
represent a way to solve design fixation [49]. Although fixation may be helpful for 
developing extremely focused projects and tailoring product development efforts for 
known markets, it is valuable to solve fixation to potentiate creativity and help guide 
further projects that relate to challenges coming from unpredictable events and for 
perhaps unknown markets. Therefore, further research must be performed in order to 
decipher the complex causes of design fixation and individual and collective limita-
tions to creativity and innovation, such as cognitive entrenchment [50], confirmation 
bias [51], psychological ownership [52], and tolerance for ambiguity [53, 54].

Similar to what was observed by others [55], the BoC model also promotes the rise 
of ideas from the analogies permitted by the reference texts and throughout the dif-
ferent BoC’s phases—information, objectives, actions, and projects. Additionally, the 
particularities of the participants, such as their expertise and career paths, enrich the 
learning experience and the constructs generated [33]. Therefore, the introduction 
of novel texts, perspectives, and other elements, into the innovation and creativity 
processes allows a satisfactory approximation to the real world [25].

Despite its international application and very positive appraisal, the BoC must 
be further developed and improved. So, the next steps may rely on the application 
of the BoC model to more audiences that could continue the formal validation of 
its assumptions, processes, and evaluation methods, and identify limitations that 
could be further explored. Moreover, the last phase—project, should be further 
developed in order to allow an upscaled approach for participants from high valued 
enterprises and governmental bodies, with a diverse background and expertise. 
However, it must be interesting to develop tailored project’s sub frameworks that 
could encompass the manifold variables coming from different industries and 
sectors. Nevertheless, an improved validation must be addressed in upcoming 
research endeavours to enable standardisation of research and implementing 
practices of the BoC model [56]. Still, we believe that the BoC model presents an 
original, novel, proper, and detailed stepwise process that can be widely deployed 



199

Biology of Creativity: A Nondesign-Inspired Model to Enhance Creativity and Innovation Skills
DOI: http://dx.doi.org/10.5772/intechopen.112738

and parametrised for self and autonomous use of individuals and organisations to 
promote a better practice regarding creativity.

A possible critique of the BoC model is the constant appropriation of references 
that are distant from the design and creative education and practice standards, 
increasing the chance of misinterpretation of seminal concepts and theories. Another 
critique is the fact that some of the referenced texts may be outdated, and novel 
perspectives are now more accepted in the scientific community. However, these two 
critiques do not hamper the strengths of the BoC model since its aim relies on the ana-
logical power of the references to provide enhanced creativity and innovation skills 
[11, 47, 57]. Nevertheless, the scientific rigour of the BoC model is paramount and it 
must be pushed forward in the design and creative practice in general to strengthen 
the activity of creative professionals whatsoever, where a broader knowledge and 
experience are essential.
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