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Preface

It has been a long practice since becoming a literate person was one’s ultimate wish.
With many efforts developed for the improvement of literacy rate by educational
systems and policies, global literacy has noticeably risen–so, fewer than one in
every seven of you reading this preface has a grandma who is illiterate and is
always sweetly asking that you read her book of interest for her.

Movements and programs have frequently been local and community-based,
with the goal of improving literacy in specific dimensions and for specific purposes,
such as reducing disparities, discrimination, and crimes, employing kinesthetic
intelligence to improve youth motor skills and engagement in physical activities
and fitness, increasing teaching interest and developing effective teachers, or nur-
turing social and emotional intelligence and encouraging subjects to participate in
group and teamwork activities, to name a few.

Today, becoming a scientifically literate person has become a challenge to
educational systems. To read is good, but to read in science is different. To write is
good, but to write for science is different. It would be simple to see these dis-
crepancies while approaching the sea’s surface, which has always been calm–under
times of significant uncertainty, a crisis, for example, individuals cannot make
efficient judgments. Such incompetent decision-making capacities are rooted in that
the education once they had received was not suitable for their future, i.e., now. The
main challenges to the twenty-first-century science education consist in a rigorous
methodology of education that may be not suitable for all individuals,
teacher/instructor-centered education that is often vulnerable to neglecting students’
needs being related to the teacher or with their peers, and pure or formal
science-focused education that students often fail to relate that with the society and
their real-life and thus feel alienated and are reluctant to learn it and in the worst
case become deviated from that educational environment.

Integrated Education and Learning deals with the problem by promoting cre-
ative and critical thinking skills. For this purpose, it provides an environment where
the nature of science is not treated in a top-down relationship with that of art, but
science is an art to acquire knowledge, and art is a science to transfer knowledge.

Tehran, Iran
April 2022

Nima Rezaei M.D., Ph.D.
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and Learning

Nima Rezaei and Amene Saghazadeh

We do not need Departments of Commerce, Labor, and
Education; we need a single Department of Skills that will
promote an integrated approach to global competitiveness.

Lou Gerstner

Summary

An introduction to the content of Integrated Education and Learning is
presented in this Chapter, mainly including methods (transdisciplinary, linking,
and networking), important topics for consideration (early childhood education,
environment, play, native language and local culture, emotions and emotion
regulation, and art experiences), challenges (gender and racial differences),
teaching requirements, and other factors that enhance success in Integrated
Education and Learning.
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Graphical Abstract/Art Performance

Integrated education and learning.
(Adapted with permission from the Health and Art (HEART), Universal

Scientific Education and Research Network (USERN); Painting by Mahdis
Pouya).
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Keywords

Education � Integrated education and learning � Learning

QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

An integrated education and learning program promises to cultivate the
21st-century-demanding skills and knowledge and to provide integrated instruction
and curriculum [1]. It should also prepare all teachers working to care about all
students. As summarized in Table 1, “education” and “learning” occur together in
more than 80% of uses, either in scientific research or for general purposes.
However, they remain far from being integrated effectively with each other in
educational settings and learning environments and systems.

Table 1 Number of search
results using the keywords
“education”, “learning”, and
their combination recorded on
March 26, 2022

Engine Keyword(s) Results

Google Scholar “Education” 6,700,000

“Learning” 7,070,000

“Education” “Learning” 5,600,000

Google “Education” 6,270,000,000

“Learning” 7,180,000,000

“Education” “Learning” 5,960,000,000

1 Introduction to Integrated Education and Learning 3



1.1 The Train is on Its Way

“Changing” is a fundamental element that develops the personality and sustains it
over the times and spaces that are otherwise difficult to manage. The more one’s life
dimensions are affected and the larger the scale they welcome changes, the higher
the likelihood their owner will succeed to manage and lead herself/himself on the
horizon of the perfect, where others are reflected in and constitute her/his identity.
From feeling a push to change to deciding to change is a distance, so is from doing
a change to practicing more and more changes–i.e., from a novice who is afraid of
changing to becoming an expert who likes change. These distances are similar in
that they share a need to learn “changing”.

To think “changing”, learning is, therefore, required, and to learn “thinking” and
“changing”, education is required to be relevant and continuous. Suppose a medical
doctor who has visited patients in person for years, and amid the COVID pandemic,
she/he had to do the job virtually–i.e., telemedicine. This example clearly calls for
continuing medical education (CME), which has long been characterized as an
emerging need in the “ever-changing” world [2]. Not only to become a competent
healthcare professional, continuing “education” is as important as initiating “edu-
cation” to develop competencies in all professions. This is a warning for adults who
are so obsessive about their children to become educated professionals, as we also
emphasize that childhood is a critical period of learning and education later in this
Chapter; they, however, need to remain stricter to learn themselves; they should not
get off the train earlier!

1.2 No Excuse is Acceptable

“Education” is a direct path towards various forms of “learning”, as summarized in
Table 2, and continuing “education” is for lifelong learning—building a person who
is knowledgeable in many respects, surprises others with her/his new interests along
with her/his well-known interests, is passionate to expand her/his community, and
makes interactions with others’ community to help them deal with their problems,
besides all of these she/he is successful at a job and her/his academic position [3].
Indeed, learning from this “world” and in this “world” is a process starting with the
first breath and lasting until the last breath. Table 3 describes learning through four
main ranges of age. Accordingly, each period of life is “golden” for a specific mode
and style of learning; so education is endless; continuing education is quite possible
if the background properly shows us what should be trained, who will be trained,
and which are the trainee learning styles and modes and discontinuing education is
nothing more than an excuse!

4 N. Rezaei and A. Saghazadeh



1.3 On Our Journey

1.3.1 Form “Integrated Science” to “Thinking”
The first volume of the Integrated Science book series was entitled “Science
without Borders”, which came to mainly characterize all aspects of science as a true
one nature and understand a pervasive relationship of all fields of science; for the
purpose of which, scientists from different disciplines prestigiously contributed,
artists who shared their viewpoints of thoughts along with their artworks made this
contribution more and more desired to facilitate “Science without Borders” to
become incorporated into science, art, and society. “Science without Borders” was
the opening of the series [4]. The succeeding volumes aimed at integrating science
for more specific purposes, i.e., to promote a healthy lifestyle [5], to enhance
environmental education [6], to frame philosophy in chemistry [7], to review

Table 2 Learning and education forms (Prepared with data from [3])

Learning
form

Context Educational setting Result

Formal Organized and structured Formal education,
in-company training

Formal
recognition
(certificate)

Non-formal Planned activities Work environments Vocational skills

Informal Daily life activities Family, work, and leisure
environments

Experiential
(accidental)
learning

Education
form

Goal Educational setting Rules

Formal Designed and planned
education

School, workplace, or an
organization

Determined

Non-formal Training or professional
development

Educational institutions
and training organizations

Flexible
according to
needs

Informal Knowledge acquisition
and skills development

At home or work or in the
society

None

Table 3 Learning periods (Prepared with data from [3])

Period Major learning
form

Sources of learning

0–5 years Informal Parents, peers and contexts

6–24 years Both formal
and informal

Educational, social, religious institutions, family
environments, and mass media

25–60 years Informal Work environments, colleagues, touring, mass media,
information technologies, and nature

Over 60 years Informal Art, music, sports, voluntary works, community
organizations, clubs, and associations

1 Introduction to Integrated Education and Learning 5



transdisciplinary approaches [8], and apply interdisciplinary and multidisciplinary
approaches in health sciences [9]. Then, again, a volume was depicted to reflect our
integrated view of thinking everything, science and art, self and others, formal and
applied sciences, etc. [10]. It was named “Thinking” with the subtitle “Bioengi-
neering of Science and Art”.

1.4 On “Integrated Education and Learning”

1.4.1 From Cognitive Semiotics to Scientific Thinking
As a volume of the Integrated Science book series, the first part of Integrated
Education and Learning also begins with an introduction to integrated science and
its relation to thinking. Here, the introduction occurs from a cognitive semiotics
perspective (Chap. 2). The meaning of “integrated” and “science” is presented there
to understand what “integrated science” is meant, preparing the reader for a
movement from classical semiotics to cognitive semiotics–that is, integrated
semiotics and cognitive science-related domains, methods, and models. The dis-
cussion on cognitive semiotics is about the cognitive semiotics of pictures: onto-
genesis, how children develop picture understanding; phylogenesis, the appearance
of picture signs in evolution; and microgenesis, the perception of pictures. It ends
with approaches to the epistemology of cognitive semiotics, including semiosis
domains, three methods and three modes of access, and a sketch of epistemology
for cognitive semiotics. In the end, cognitive semiotics is re-emphasized as an
integrated field of all sciences that deal with experience and meaning, regardless of
the methods they apply.

Moreover, coming after “Thinking: Bioengineering of Science and Art”, sci-
entific thinking is then introduced as employing cognitive processes that all have
them fundamentally–implying that scientific thinking is a solution that both sci-
entists and non-scientists can adopt. The history and definition of scientific thinking
are reviewed. How such a type of thinking is powerful is addressed by referring to
imaging and modeling and simulation studies. It concludes that everyday thinking
will be greatly improved if it follows a scientific fashion, leading to the recom-
mendation that scientific thinking is a mindset ready for productivity for everyone
(Chap. 3).

2 Methods of Integrated Education and Learning

2.1 Transdisciplinarity

The second part of the volume is the first part specifically concerned with integrated
education and learning. That the twenty-first century demands more creative indi-
viduals who can think deeper is highlighted throughout the part. These individuals
can be developed in a context where learning and education are integrated. How an

6 N. Rezaei and A. Saghazadeh



integrated pedagogy could help this development is addressed through a real-life
journey (Chap. 4). In the words of the author–who has experience with both action
research and educational settings–integrated education and learning is a means of
humanizing the education–that has otherwise only one subject which students pass
in, and it is nothing but teaching knowledge. Integrated education offers three
teaching approaches: transmission, transaction, and transformation, being incor-
porated into the education, ensuring that three main purposes of education are
fulfilled for our children to develop intellectually, to learn “learning”, and to learn
“living happily”.

2.2 Linking

That the education and learning need to be integrated will be further supported by a
detailed discussion of the concept of “linking”. Linking is ubiquitous; theory and
practice are linked [11], so values, knowledge, and behavior are [12], so problem and
solution(s) are, so knowledge, management, and sense making are [13], etc.–and all
these links are built due to a process that is “learning” — who can claim that learning
about the subject (A) is not linked to the subject (B) in anyways? The more one thinks,
the higher the number of links and the more the complexity of the links he/she can
arrive at; however, all links are not necessary and even might be a cause of disordered
thinking. Those links which are necessary and contribute to better thinking are: un-
derstanding, linking to develop learning; integration, linking to combine learning;
schematizing, linking to organize learning; abstraction, linking to distill learning;
inference, linking to extend learning; and transfer, linking to export learning. And to
facilitate such linking, there are different ways: linking subject disciplines, linking
locations and purposes of learning, questioning and verbal linking, visual linking, and
linking people. So, for students to learn linking in thinking, teachers need to educate
linking, and education is to be essentially linking. As a result, integrated learning and
education is mandatory because it links what people learn to how they view learning,
and this linking promotes knowledge transfer and the development of thinking
competencies that are the need in this unpredictable world (Chap. 5).

2.3 Networking

Today’s idea is to foster connectivity, blur the barriers, transfer and share ideas and
knowledge, and enhance innovation and creativity for the destination larger and
larger than our home–the globe [14, 15]. With technologies available to us, inte-
grating education and learning is not impossible, but it is a necessity and can be
simply expanded to society through means of communication. From an architec-
tural point of view, reality can be figured based on self-similarity, and stereo reality
implies that we are here, there, and everywhere. Linking to the concept of
“knowledge society”, the contemporary world is characterized as liquid and fractal.
Accordingly, how would be the future scenario of knowledge and the degree to

1 Introduction to Integrated Education and Learning 7



which it is complex and uncertain. In a world of globalized information, everyone is
capital of knowledge, and education will be formulated in relationships. Learning to
“connect” and “relate” would transform complexity–that is, a function of rela-
tionships between variables involved–from a difficulty to a beauty–an art!

3 Important Topics for Consideration in Integrated
Education and Learning

The third part provides different views of factors to be considered when thinking
about integrated education and learning.

3.1 Early Childhood Education

Early childhood is the period crucially important for the development of both brain
and body functions. Of our interests are intellectual growth and development.
Young children can be taught about and have shown the ability to learn how to
conceptualize the nature of science (NOS) [16] and develop critical and creative
thinking and problem-solving skills. Notably, in Vygotsky’s words, early childhood
is a period when experiencing fantasy, and its combination with thinking instills a
power of imagination that can evolve throughout life and reflect in novel ideas,
creativity, and innovation (Chap. 7).

3.2 Environment

In early childhood, children’s learning occurs through transformation–that is,
receiving information from others and acquiring knowledge–an experience-based
phenomenon. For this, children need to be grown in suitable environments (Chap. 7)
that promote scientific thinking in parallel with social skills development through
small group discussions (Chap. 8). Children need to be challenged, being prepared for
the globally increasing competition but not overwhelmingly, so they become afraid
[17]. Dealing with and overcoming environmental challenges, the brain networks are
activated and strengthened to make further connections [18]. Though online learning
has been successfully implemented [19], the role of outdoor learning and nature
remains much more important [20] in providing peer interaction.

3.3 Play

The child is not expected to do any job other than playing and if the parent, teacher,
instructor, or educator wants the child to learn, then playing is the best opportunity
to invest in resources. When doing “playful activities”, the child does experiments,

8 N. Rezaei and A. Saghazadeh



though informal, through which different cognitive processes are intertwined, e.g.,
exploring, conceptualizing, and re-conceptualizing, so high-quality learning in
different contexts occurs effectively [21, 22].

3.4 Native Language

According to content and language integrated learning (CLIL), a model of learning
for enhancing both teachers’ and students’ motivation, communication, content,
cognition, and culture are the four pillars of learning [23]. Native language and
local culture affect the student–teacher relationship, so education developers need to
incorporate them into curriculum development and classroom practice ensuring that
the education is constructivist and the purpose of education that is better thinking
enhancement is achieved (Chaps. 9–11).

3.5 Emotion Regulation

Emotions constitute a pillar of learning [24]. Emotional learning occurs in asso-
ciation with social learning, and a variety of social-emotional learning approaches
are available for achieving this two-objective learning [25]. Emotion regulation is
another skill that develops early in children and is expected to be considered under
an integrated education curriculum (Chap. 12).

3.6 Art Experiences

Encountering visual arts [26] and music learning [27] have been shown to facilitate
critical and creative thinking. Stimulating expressions of curiosity and surprise and
story-telling can be a path to art experiences as well (Chaps. 13 and 14), con-
tributing, therefore, to this facilitation.

4 Challenges in Integrated Education and Learning

The fourth part views the challenges that learning and education face and proposes
an approach to deal with the issue. Gender-based, ethnic, and racial stratification
has long been a problem in educational settings since 60 years ago [28, 29]. The
literature shows differences in academic achievement between male and female and
between white and black children [30]. Gender and race differences are significant
factors so to act against the influence social determinants can positively have on
health [31]. Gender and racial differences and related social problems are among the
main important challenges that need to be considered when teaching scientific
thinking and social thinking (Chaps. 15 and 16).

1 Introduction to Integrated Education and Learning 9



5 Teaching Requirements for Effective Integrated
Education and Learning

The fifth part occurs in educational settings. A bioeducational approach taking
individual differences and adaptive variability into account promises an integrated
education research framework (Chap. 17). To follow integrated education and
learning, strategies and approaches are required to promote transdisciplinarity
thinking and critical thinking in teachers, enabling them to design more thoughtful
learning activities for students (Chaps. 18 and 19). Teachers need to give students
opportunities to cultivate thinking skills, particularly by using concept maps and
encouraging them to participate in multiple intelligences and case-based learning
activities (Chaps. 20 and 21). In the end, teaching is completed when assessments
are done (Chap. 22).

6 Mathematics, Arts, and Entrepreneurship that Promote
Success in Integrated Education and Learning Settings

The sixth part highlights how the inclusion of computational thinking (Chap. 23) in
an integrated education and learning environment is important. It critically
appraises that current educational settings largely ignore this importance. Moreover,
the positive role arts play in paving the way towards sustainability is pronounced as
being discussed under the umbrella of STEAM (science, technology, engineering,
and mathematics). Similarly, incorporating entrepreneurship in STEM (science,
technology, engineering, and mathematics) education takes the learners a step
closer to being prepared for future times of uncertainty (Chap. 25), for example, a
global epidemic like COVID-19 we have lived with since 2020.

7 Experience Before Us

Searching the literature, there have been numerous efforts termed integrated edu-
cation by the related developers.

7.1 An Integrated Classroom for Children with Disabilities
and Normal Children

Teachers display prejudiced attitudes with regard to children with special needs
against inclusive education [32]. A form of integrated education aims to engage
children with disabilities in regular primary schools. Generally, teachers have
expressed positive thoughts about the integration; however, the observations could
not support that the needs of normal children and children with disabilities in an
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integrated classroom could be satisfied effectively and simultaneously [33]. This
highlights the need to reform the educational system, so all children are included,
all individual differences are considered, and all needs are met [32]. When edu-
cation is inclusive, we can expect society to become inclusive [34].

7.2 Integrated Technology, Education, and Learning

Technology can be used to integrate learning in education by making
technology-integrated lessons. Teachers who apply technology have shown that
they are more likely to be constructivist in terms of the pedagogy they can make
and lead a dynamic classroom that is student-centered [35]. The main challenge
with this integration is that teachers need to have adequate professional knowledge;
veteran teachers have expressed more interest and possessed the abilities/skills to
promote a technology-based pedagogy than pre-service and novice teachers [36].
Other issues include, for example, that material preparation is time-consuming,
resources are not accessible, and teachers are not comfortable with using
technology-integrated lessons [37]. This calls for a need to prepare teachers for
technology integration into education [38].

7.3 Integrated Psychology, Education, and Learning

As earlier mentioned, learning styles are different; so are teaching/lecturer styles.
An integrated education and learning outline can be expected to have positive
outcomes if both teachers’ and students’ styles are taken into account [39]—known
as educational psychology.

7.4 Project-Based Learning in Integrated Education
and Learning

Project-based learning (PBL) is a means of integration commonly used in STEM
education. It has been shown to positively contribute to motivation and learning,
creating a sense of community through collaboration, building a student-centered
classroom, and providing versatile spaces for encouraging students’ participation
[40]. However, the implementation of a PBL-based program is faced with chal-
lenges that need to be addressed.

7.5 Integrated Different Knowledge Types, Education,
and Learning

To integrate education with learning, there is a need to incorporate different
knowledge types into education, importantly pedagogical content knowledge
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(PCK) and general psychological knowledge (PPK). The integration of these types
of knowledge has been shown to increase their joint applicability; however, it
increases instruction time [41].

7.6 Integrated Differentiation, Education, and Learning

Differentiation is a teaching strategy where the teacher decides to modify the
content, language, or process. In the context of CLIL, the differentiation in content
and language might be adopted by the teacher to meet the diverse students’ needs.
The main challenge with this lying in an inappropriate teacher’s understanding of
the differentiation is that the differentiation is not implemented properly in practice
[42]. The differentiation methods and purposes need to be defined for teachers.

7.7 Integrated Arts, Education, Learning

For an integrated learning program, teachers and artists can collaborate to ensure
students acquire knowledge from different areas. CoTA, for example, is a collab-
oration between teachers and artists. Through such a program, both teachers and
artists actively participate in evaluating students’ needs, designing needs- and
standards-based learning projects, and weekly updating these projects [43]. It is
expected to facilitate learning through understanding the arts.

8 Conclusion

Integrated Education and Learning arose in response to the problem that in a world
where competitiveness is ever increasing, a man can live with happiness if and only
if he thinks of “changing”. To think “changing”, learning is, therefore, required, and
to learn “thinking” and “changing”, education is required to be relevant and con-
tinuous. Despite this fact and that “education” and “learning” occur together in
more than 80% of uses, either in scientific research or for general purposes, they
remain far from being integrated effectively with each other in educational settings
and learning environments and systems. This Chapter presented an introduction to
the content of Integrated Education and Learning, mainly including methods
(transdisciplinary, linking, and networking), important topics for consideration
(early childhood education, environment, play, native language and local culture,
emotions and emotion regulation, and art experiences), challenges (gender and
racial differences), teaching requirements, and other factors that enhance success in
integrated education and learning.

Welcome to Integrated Education and Learning.
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Core Messages

• In a world where competitiveness is ever increasing, a man can live with
happiness if and only if he thinks of “changing”.

• To learn “thinking” and “changing”, education must be relevant and
continuous.

• Integrated education and learning methods mainly include transdisci-
plinarity, linking, and networking.

• Early childhood education is crucial for integrated education, along with
the environment, play, and local culture.

• Emotion regulation and art experiences can help implement integrated
education and learning.
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2The Cognitive Semiotics of Pictorial
Evolution and Development

Göran Sonesson

But if there is one thing I know now, it is that anyone looking for
order ought to steer free of psychology altogether. Go for
physiology or theology instead, where at least you will have
solid backing – either in matter or in spirit – instead of
psychology’s slippery terrain. The psyche is quite a tenuous
object of study.

Olga Tokarczuk [1]

Summary

The study of meaningful artifacts, such as pictures, has traditionally been caught
between the humanities, which only take an interest in a selection of individual
pictures, and psychology, which attends more to the majority reaction to pictures than
to the nature of the pictures themselves. Some parts of semiotics, and, more, in
particular, cognitive semiotics, endeavor to make use of all possible methods,
including experiments, in order to make sense of pictures as meaningful artifacts. In
this sense, cognitive semiotics is an instanceof integrated science (in the sense inwhich
science refers to all ways of creating knowledge about phenomena in the world). To
throw some light on this claim, we will, in the present paper, first discuss the meaning
of integrating the sciences and, then, after offering a sketch of the emergence of
cognitive semiotics out of classical semiotics, we will account for what has been done
so far, using different methods and approaches, within pictorial semiotics, andwewill
end with some considerations on the epistemology of cognitive semiotics.
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Graphical Abstract/Art Perfomrance

A graphic description (in both senses of the term) of the author’s contribution
to the study of pictures within the framework of cognitive semiotics.

(Silhouettes available in the public domain, drawing from (Sonesson in
Pictorial concepts: inquiries into the semiotic heritage and its relevance to the
interpretation of the visual world, Lund University Press, Sweden, 1989),
copyright by the author; photograph taken during the experiment presented in
(Zlatev et al. in Cogn Dev 28:312–329, 2013), transformed by the author,
drawing from (Sonesson G (2005) Semiotiska perspektiv på perspektiv. In:
Hellberg S, Rossholm G (eds) Att anlägga perspektiv. Stehag, Stockholm),
copyright by the author; signature followed by the glyph for the Maya god of
writing available in the public domain).
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

In this paper, we will be interested in cognitive semiotics, in particular as applied to
the evolutionary origin of pictorial understanding and the corresponding develop-
ment of such understanding in the child, as well as regarding the everyday act of
perceiving pictures. Cognitive semiotics was invented two or three decades ago in
an effort to bring together the two domineering paradigms of the last half-century,
which both had the purpose of integrating the human and the social sciences, not
without some contribution from the natural sciences. While cognitive science was,
from the start, an attempt at the wedding of several domains of study, which,
according to most listings, include psychology, linguistics, philosophy, computer
science, and neuroscience, semiotics started as a domain of philosophy, with the
ambition to redefine the social sciences and the humanities, and which, more
recently, has tried to go into empirical mode. Retrospectively, cognitive science
may be defined as the study of consciousness (in spite of the fact that many early
exponents of the domain aimed to reduce consciousness to the workings of a
computer), while semiotics is concerned to understand the different ways in which
meanings were produced, conveyed, and experienced in real human societies. There
is an obvious overlap between the domains of study of cognitive science and
semiotics. At the same time, their methods, models, and epistemology have tended
to be different. Cognitive semiotics aims to capitalize on both the convergences and
the divergences of these two approaches [2–5]. Thus, cognitive semiotics is an
eminent case of integrated science.
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2 An Excursus on Integrated Science

Before discussing the sense to attach to the integration of the sciences, we have to
determine what is meant in the following with the very term “science”. In English,
the term is normally taken to be a shorthand for the natural sciences (and the life
sciences, if that is understood as something separate). Adding a specification, it is
quite possible to talk about “the social sciences”, but less naturally of “the human
sciences”. In German and French, as well as in many other European languages, on
the other hand, it makes perfect sense to talk about the human or cultural sciences
(“sciences humaines”, “Kulturwissenschaften”). In this paper, the term should be
taken in this wide sense to stand for the systematic study of any domain of
knowledge, which uses specific methods and models and characterizes an episte-
mology. Cognitive semiotics was born out of an endeavor to remedy the lack of
systematicity of the traditional humanities, including some traditions within semi-
otics. That said, it cannot be forgotten that “integrated science is a notion normally
applied to the natural sciences, and among its antecedents is no doubt found the
idea of “unified science” as defined by the logical positivists at the beginning of the
last century. While we would like to go beyond this narrow understanding of
integration, we will by no means leave out the natural sciences, and, in particular,
not the life sciences.

Before entering our main subject matter, we should also consider the other term
of the compound: the notion of integration, not in general, because this would take
us too far, but as applied to different domains of knowledge. I was induced to
consider the meaning of integration recently when I was challenged to write about
the notion of “integral linguistics” as conceived by the prominent linguist Eugenio
Coseriu [6]. From the inception of the twentieth century, starting with the
posthumous edition of the Cours de linguistique générale attributed to Ferdinand de
Saussure, and pursued within the frames of the generative grammar of Noam
Chomsky as first presented in 50ies of that century, linguistics was supposed to
study language as an isolated phenomenon, without taking into account social and
psychological dimensions, nor, at least in the latter case, the meaning conveyed by
language. No doubt this approach was useful for a time from a methodological
point of view, but the end result could only be an increasing depletion and bar-
renness of the object of study, which, in turn, not only set obstacles to further
scientific discoveries but also cut the link to ordinary human experience. Rather
curiously, parallel to generative grammar, specialties such as psycholinguistics,
sociolinguistics, gesture studies, pragmatics, and the like were beginning to emerge,
but they were kept separate from linguistics proper. Also, in the 60ies, with the
rebirth of semiotics, understood as a wider domain of study which includes lin-
guistics but a lot more besides, the then-fashionable idea of a barebone approach
was adopted by most scholars concerned. In short, the dominating fad in the
humanities was quite the opposite of scientific integration.
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A year after presenting my doctoral dissertation in general linguistics in 1978, I
summarized its epistemological challenge at the 5th Conference of Scandinavian
Linguistics in a lecture entitled, “A plea for integral linguistics”. Although I got
acquainted with and learned to appreciate the work of the linguist Eugenio Coseriu
only a few years later when I taught semantics at the School of Anthropology in
Mexico City, I did not know, until very recently that, in the same year as the acts of
that linguistic congress were published, in 1981, Coseriu had declared in a lecture to
another regional linguistic congress, this time in Argentina, that henceforth the term
“integral linguistics” was going to be the label for the kind of approach to language
which he had preconized all his scholarly life. Obviously, there is a big difference
between a declaration made by a doctoral student just received and that of an old
scholar who has given weighty contributions to his domain of study all his life.
Still, given the background of the history of linguistics in the twentieth century,
I wanted to investigate whether we were prompted to call for integration for the
same reasons.

Nevertheless, I realized that before such an investigation could be made, it was
necessary to specify what was meant by the term integration: in other terms, what
was the object which was going to be integrated with what object? In the particular
case, with which I was concerned in this early paper of mine, and which preoc-
cupied Coseriu, we might inquire whether the idea was that linguistics should be
integrated into semiotics, into the humanities, or into some kind of unified science
approach–or, whether it was merely the case of integrating different views of lan-
guage into linguistics. After a close study of Coseriu’s paper, in particular where he
refers to the notion of “integral linguistics” (of which there are few instances),
I concluded that, to him, integrating linguistics meant to adopt three different
perspectives on the same object, language, while still maintaining language as such
as the sole object of study, but allowing the different perspective to interpenetrate to
some extent. In other words, to Coseriu, integration is something that applies to a
single domain of study, linguistics, by putting into correspondence different ways of
looking at the object of study, language. Still, whether or not Coseriu was clearly
aware of this fact, such a shift of perspective can hardly supervene without taking in
more or less of the environment of language, that is, among other things, society,
consciousness, and meaning.

My own take on integral linguistics, at the time, was more global: I wanted
language to be treated on par with other domains of meaning, which included not
only gesture and pictures but also direct perception. In spite of my juvenile pre-
sumption, the two lemmas that I formulated, taken together, show a certain insight
into the fact that not everything can be studied at the same time:

i. the context is just another text;
ii. the world (of our experience) is inextricably contextual.

That is, whether going beyond language (or any other object of study) or not, it
is impossible to take in the whole world of experience at a time, but you can create a
thematic hierarchy of concerns, which includes the whole, though situated at
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different levels of adumbration. This is best understood as “an operation applied to
the field of consciousness, in the sense of the phenomenologist Gurwitsch” [7],
which was more recently imported into psychology by Arvidson [8], using the term,
“the sphere of attention”. It involves a modification of the theme which is the object
of attention within consciousness, which, in turn, leads to a restructuring of the
thematic field of which the theme is a part, and possibly also of that which appears
at the margin of the thematic field, which is co-experienced with the thematic field,
without having a meaningful relation to the theme, contrary to what is the case with
the thematic field. In the case of scientific exploration of a thematic field, it is
required for the facts of experience to widen the thematic field so that the original
field only appears as a part of the field of study. This is what should happen when
we go from linguistics to semiotics and from classical semiotics to cognitive
semiotics.

3 From Classical Semiotics to Cognitive Semiotics

For the purpose of this paper, semiotics and cognitive science will be considered to
be two distinct research traditions, each of which forms a temporal sequence made
up of problems formulated from a particular perspective, solutions proposed to
these problems, as well as new issues resulting from these solutions, and so on
indeterminately. The perspective defining semiotics is the preoccupation with the
nature of meaning, broadly conceived, which may involve how meaning is pro-
duced and conserved by means of different vehicles, how it develops in children,
and in the evolution of human beings and other animals. The perspective of cog-
nitive science is best described as being the nature of consciousness, although, as is
well known, many of its exponents hoped to get rid of this pesky notion, substi-
tuting something easier to apprehend, such as the computer or the brain. Cognitive
science is also often interested in the uses to which consciousness (or whatever
stands in for it) is put in the real world, as well as its history of evolution and
development.

As a research tradition, semiotics is very old, at least going back to Greek
Antiquity, having reached the second apogee in Medieval Scholastics, and a third
one during the Enlightenment, both periods of which abound in “treatises of signs”,
before Peirce and Saussure toiled with it, in their separate ways, during the
penultimate turn of the century, and the French structuralists made it fashionable
during a short time span about 70 years ago. Cognitive science is much younger,
but it is made up of disciplines, some of which, as research traditions, have rich
pedigrees, which is true of psychology, philosophy, biology, linguistics, and
anthropology, and some which are very recent, such as artificial intelligence and
neuroscience. Even more recent is cognitive semiotics that incorporates both
semiotics and cognitive science perspectives and resolves their separate, but (ac-
cording to this view) connected, problems by adding up their solutions and pooling
their resources.
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The first use of the term “cognitive semiotics may well be due to Juan Magariños
de Morentin in order to describe the Peircean take on semiotics. Per Aage Brandt
used the term to describe his own approach, which combined French semiotics with
cognitive linguistics. In the sense that the term is used nowadays, however, as an
encounter between semiotics and cognitive science, Thomas Daddesio (1995)
would seem to have been the real pioneer. Taking his cue from French structuralism
and ignoring other traditions within semiotics, Daddesio argues that semiotics tends
to restrict its attention to static structures, whereas cognitive science is involved
with the way structures are processed by consciousness. Though this may seem
rather reductive as a historical description, Daddesio correctly pinpointed “the
correlation of intersubjective structures (language as Saussurean langue) and sub-
jective access (language as “competence”, not in the sense of Chomsky but in that
that of psycholinguistics). If meaning and cognition (in the very general sense of
cognitive science) are connected, then semiotics and cognitive science, as we
suggested above, may simply be different emphases attributed to the same field of
study” [2, 4, 5, 9–11].

Quite independently of any of these attempts, another approach to cognitive
semiotics, which was initiated at Lund University, emerged from the convergence
of the lifetime work of two scholars, who only begun to collaborate at the turn of
the last century: this author, who, after his linguistics studies in Lund, spent ten
years working in France and Mexico, after which he returned to Sweden to establish
semiotics as a subject of doctorate studies; and Jordan Zlatev, who, after studies in
cognitive science and linguistics, was employed at the Department of Linguistics in
Lund. Zlatev and Sonesson initiated their collaboration with a faculty-internal
project concerned with language, gesture, and pictures in a developmental and
evolutionary perspective, then proceeded to form the Swedish part in the EU project
SEDSU. After that, they together led a six-year-long program, entitled “Centre for
cognitive semiotics”, involving around 30 scholars (not counting the students),
many from linguistics, but also several other human sciences. From these experi-
ences emerged an idea of cognitive semiotics as a specific way of merging semi-
otics and cognitive science, which will be the main focus of this paper.

4 The Cognitive Semiotics of Pictures

Space is lacking here to present pictorial semiotics, let alone the cognitive semiotics
of pictures. The cognitive semiotics of pictures is interested in the way children
learn to understand pictures as well as how pictures first came to be created and
used during human evolution. In this respect, it is analogous to psycholinguistics
and to the study of language evolution. But it is also involved with the way pictures
are presently used (and, to the extent that this is different, how they were used at
earlier historical periods) to convey meaning. In this sense, it is comparable to
linguistic theory (and potentially to historical linguistics). Although they have not
asked the questions precisely relevant to semiotics, psychologists have
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independently studied children’s understanding of pictures, and anthropologists,
archaeologists, and other students of evolution have now and then voiced their ideas
about the place of the picture in human evolution. Even though some philosophers
and psychologists have contributed important insights, the study of how the picture
conveys meaning was basically pioneered by semiotics.

4.1 Ontogenesis: How Children Develop
Picture Understanding

The study of the emergence of children’s ability to make sense of pictures is the part
of this task that can most straightforwardly be realized. Interpretational skills are
most relevant here, for unlike the case of language, most human beings are not
producing, but certainly interpreting pictures. Psychologists such as DeLoache [12]
and Tomasello et al. 1997 [13] have given important contributions to this study,
showing, in the first case, that children only can make sense of pictures (at least
given the task of finding a hidden object shown in a picture in another room) at two
years and a half, and, in the second case, that older children are better able than both
younger children and apes to take hints for solving certain tasks from a number of
different displays, such as pointing gestures, markers, and models. We replicated
both these research paradigms, making several modifications, but those of most
transcendence in the present context involve embedding the experiments in semi-
otic theory.

In the former case, the semiotically informed repetition of DeLoache’s study in
Sara Lenninger’s doctoral dissertation [14], which introduced a familiar testing
ground, the pre-school, and eliminated the task of finding a hidden object, never-
theless confirmed DeLoache’s general conclusions. On the other hand, Lenninger
concluded that “the children who were unable to find the object in the other room,
even when carrying the photograph with them, could still identify the object from
one picture to another. Thus, it appears that the similarities between one picture and
another are of easier access than those between a picture and the world” [15].

In the latter case, our semiotic reworking of the paradigm amounted to the
addition of a fourth category of displays, pictures, as well as implementing a
theoretical framework in which there were two kinds of indexical signs, i.e., signs
based on contiguity, one of which was, in addition, directional, the pointer, and
another which was not, the marker; and two kinds of iconic, i.e., similarity-based,
signs, pictures, and models. We demonstrated that, while apes could only make
sense of indexical signs, children could also use iconic signs, and younger children
grasped the meaning of pictures earlier than models [16]. At least one possible
interpretation goes against Peircean semiotics, which postulates that iconic signs are
more elementary than indexical ones.

Another experimental study which we realized within the framework of cogni-
tive semiotics was inspired by a controversial issue in classical semiotics, according
to which mirror images are not signs, like pictures, but should really be identified
with direct perception (as claimed by Eco [17]). In a study involving two-year-old
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children discovering a hidden object either after being shown the act of hiding in
reality, in a directly transmitted video clip, in a pre-recorded video, and in a mirror,
we were able to demonstrate that the level of difficulty of the mirror image was
more or less the same as that of the pre-recorded video, while the two other cases
offered less difficulty [18, 19]. At least in the specific situation created by the
experiment, the mirror image turns out to be just as difficult as pre-recorded video,
which is more difficult to understand for small children than direct perception and
directly conveyed video.

In another study, we showed that an ape, having been trained to perform certain
actions from seeing them in reality, following the “do-as-I-do”-paradigm, was just
as able to imitate these actions when shown the final or pre-final phase of the action
in a still photograph as when shown the whole video sequence [10, 20]. This could
be taken to show that some qualification is needed on the age-old saying, epito-
mized by an eighteenth-century book by the aesthetician Gotthold Ephraim Less-
ing, according to which pictures cannot render events while being good at rendering
things, whereas the opposite is true of language. Taken together, this all goes to
show that the way pictures convey meaning is rather different from that of language,
and that we so far know fairly little about the former [10, 15, 21].

4.2 Phylogenesis: The Appearance of the Picture Sign
in Evolution

The next task of cognitive semiotics is to establish when the picture became
available as a semiotic resource for human beings. According to Merlin Donald’s
scenario [22] describing the differentiation of the human species from other
hominids, this evolution went through four phases:

i. Episodic memory, “the memory for single situated happenings, is something
that human beings share with many other animals” [23];

ii. Mimetic memory, which involves using the body to record behavior, and
happens to human beings and, in one or other form, other hominids;

iii. Mythic memory, which corresponds to language, so designated because,
according to Donald, “it involves the construction of narratives, no doubt
initially used to recount myths, and thought by Donald to be at least one of the
reasons why language evolved” [23]; and

iv. Theoretic memory, manifested by pictures, writing, and theories.

In later texts, Donald [24] has used the term “exograms” to pinpoint the
specificity of the last stage, which consists in making memory available outside,
and relatively independently, of human beings, both as to their body (unlike
mimetic memory) and as to their consciousness (unlike mythic memory).

The central question in this context is what it takes to establish such a scenario.
Some indications may be found in the experimental studies mentioned above,
which allow us to discover the relative abilities to resolve certain issues in apes
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compared to human children at different ages. In ethology, many other observations
of animal behavior have been made that are relevant to such a scenario. Although
Donald is by profession a neuroscientist, it does not seem that neuroscience, at its
present stage, is of much help here. A fundamental contributor is certainly
archaeological exploration. Among the artifacts discovered at archaeological
excavations, pictures, notably, have only been found at rather late historical levels
(although there have been some controversial contrary claims). Still, as a whole,
Donald’s scenario is only possible as a product of the direct human interpretation of
human achievements. It is part of Donald’s personal experience that human beings
are capable of language, which, in many respects, does not have an equivalent
outside of the human species (although some apes can learn aspects of it when
prompted by human beings). The same insight may, of course, be gained from
taking cognizance of all the writings, from stone inscriptions to web pages, handed
down to Donald and us throughout history. The same thing can be said about
writing and theory.

Still, the case of pictures being necessarily exograms is problematic, even though
such an idea naturally presents itself, given our present-day experience of pictures.
There is no obvious reason to suppose that the advent of picture production had to
await the surgency of the capacity to preserve memory outside of human bodies and
minds. If pictures were created earlier in history, they may have employed more
perishable media, such as sand or human skin, which means that the earliest pic-
tures could not have been preserved in the archaeological record [25]. In fact, there
are historically and ethnographically testified examples of drawings customarily
being made on the ground and then rapidly wiped out (for a recent example, see
[26]). This would mean that pictures may constitute a transient record in a way
similar to (spoken) language and gestures. It follows that we have no clear evidence
for their earliest emergence in the evolutionary history of human beings [27].

4.3 Microgenesis: The Perception of Pictures

The third task set for cognitive semiotics of pictures concerns the way pictures are
understood. This could be identified with the act of perception, but, just as in the
case of language, perception must then be conceived as an intricate and
long-winded process. Art history, also when it has been renamed science of art,
visual studies, image studies, or anything of the kind, has contributed very little to
the understanding of picture interpretation since it remains exclusively preoccupied
with particular pictures, not pictures as a particular way of conveying meaning.
Most psychologists, such as the Gestalt psychologists and the constructivists
interested in perceptual illusions, have used pictures as examples but have gener-
alized their results to perception in general. A very small number of psychologists,
notably James Gibson, John Kennedy, and Julien Hochberg, have attended to the
specificity of the perceptual task presented by pictures as different from direct
perception. Still, in so doing, they have very rarely used experiments but rather
employed their own insights as perceivers. In that respect, their work is comparable
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to that of classical semioticians, such as Jean-Marie Floch, Felix Thürlemann, and
Groupe µ, who have conceived models for the way the pictorial surface is orga-
nized, and philosophers, such as Edmund Husserl and Richard Wollheim, who have
tried to grasp the peculiarity of the process in which objects are “seen into” the
pictorial surface [10, 21, 28, 29].

In contrast to ontogenesis and psychogenesis, this kind of study could be said to
concern microgenesis, so termed by Heinz Werner, but first studied, using the term
“Aktualgenese,” by the Gestalt psychologist Friedrich Sander [28, 30]. The term
microgenesis designates the dynamic unfolding and differentiation “on a brief
present-time scale of a percept, a thought, an object of imagination, or an expres-
sion”. Most studies have, from the beginning, involved perception, but there is no
reason to limit the notion to this domain of experience. Although Sander’s and
Werner’s original studies were experimental, microgenesis also lends itself easily to
a phenomenological approach, as testified by the pioneering work of Gurwitsch [7],
which largely overlaps with earlier Gestalt psychology. Mutatis mutandis is also the
kind of approach employed in work accomplished by the psychologists, philoso-
phers, and semioticians mentioned above. The latter method seems to have been the
most successful so far.

5 Approaches to the Epistemology of Cognitive Semiotics

As we have argued above, cognitive semiotics is a way of integrating the sciences;
we have to spell out how such integration occurs in epistemological terms, which
means, at least, both attending to the domains of study and the methods being used.
As we have seen, cognitive science is itself an integrative approach, and semiotics
may, at present, be understood in the same way. Cognitive semiotics thus aims to
attain an even higher level of scientific integration. Nevertheless, the question
remains to what extent it can be integrated into the sciences, where the latter is
understood to comprehend all kinds of world study, including that realized by the
natural sciences. As we have already seen, and as will become apparent below,
cognitive semiotics is interested in part in domains that are usually belabored by the
natural sciences. It uses, among others, methods that are practiced by the former.
But that only makes more urgent the question of whether the worldview of the
traditional natural sciences can be reconciled with that of cognitive semiotics.

5.1 The Domains of Semiosis

According to an original suggestion by Zlatev (2009) [31], the domain of study
covered by cognitive semiotics can be divided into several levels, each with its
corresponding subjects, worlds, and significations. Meaning, in the broader sense of
the term (going well beyond the notion of sign), is referred to as the relation linking
a subject and his/her environment which is determined by a value. We will present
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the model here with some modifications suggested by Sonesson [32], which
amounts to the introduction of a distinction between the level of culture and the
level of the sign, in the narrow sense of Sonesson [28]: a unit of two items which
are differentiated from each other, one of which is directly present but not in focus,
while the other is in focus, but not directly experienced; and to the generalization of
the case of language, being the innermost circle in Zlatev’s original proposal, to all
specific systems of meaning, including pictures (Fig. 1).

On a biological level, the value is life, more specifically the maintenance and
reproduction of life, and the subject is the organism. This is what was described by
Jakob von Uexküll as the functional cycle and, more recently, by Francisco Varela
and Humberto Maturana, as (the original) autopoiesis. The next level, the natural
Lifeworld (in the sense of what pertains to nature), has as its subject the minimal
ego and is governed by the value of sentience. Since Zlatev identified this latter
value with intentionality, in the sense of phenomenology, as it originally appears in
perception, it can be understood as consciousness, in the broadest sense of the word.
Above the level of the minimal ego is situated the cultural ego, the subject of the
cultural Lifeworld, which is determined by a value that we will call culture. What is
new at this stage is life in a community, also known as sociability, which gives rise
to norms and other rules. A specific case of the cultural Lifeworld is the universe of
signs. The fifth level consists, for Zlatev, of language, but we will here generalize it
to include all kinds of semiotic resources which are in any way systemic, whether
they depend mostly on rules of substitution, which is the case of language and
formalized gesture systems, or on rules of transformation, as is the case with
pictures and some kinds of gestures. This is the universe of discourse.

All these levels may be accessed, more or less adequately, from the point of view
of experience (phenomenology in the wide sense). This also applies to von Uexküll’s
functional circle if we trust the definition. In actual fact, we have no way of knowing
how it feels to be a tick, and von Uexküll notes, somewhat contradictory, that he is
really relying on the anatomical organs of the animal, which is tantamount to
depending on the experience of human beings in some kind of controlled format.

Fig. 1 Five types of selves, worlds, and significations (inspired in [29]), with the added distinction
between the cultural Lifeworld and the universe of signs and the corresponding significations [30]
and a generalization of “linguistic Ego” to all kinds of specific semiotic resources
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Ticks do not use pictures, but human beings, who do, have no problem telling us how
it feels to be (that particular) human being experiencing pictures. Thus, we either have
to ask many human beings about the same piece of experience, which would amount
to some kind of experiment (in a wide sense) or trust the distinction between intro-
spection and phenomenology (in the technical sense; See the following section!).

5.2 Three Methods and Three Modes of Access

From the start of my work on the semiotics of pictures, I have listed different
approaches to its study, including the analysis of pictorial corpora, the recourse to
users’ intuitions, and experiments [28]. In more recent papers, I have used the phrase
“the dialectics of phenomenology and semiotics” to describe how phenomenological
experience is first called upon to construct an experimental situation in such a way
that it is relevant to the behavior of real people and then is required to relate the
results of the experiment to the corresponding situation in the experienced Life-
world, all of which forms a helix the turns of which may be repeated many times
over. More broadly, Zlatev [11] describes “methodological triangulation” as a
characteristic of cognitive semiotics, which involves integrating what he calls the
first-, the second-, and the third-person methods as applied to any domain, where,
however, first- and second-person methods have epistemological priority. Here the
types of methods should, of course, be understood in analogy to the three persons of
the personal pronouns in Indo-European languages, also construed by Zlatev as
being, respectively, subjective, intersubjective, and objective. To avoid confusion,
the terms ipseity, dialogicity, and neutrality will be used in the following (Table 1).

Linguistics had long operated on the basis of the user’s intuitions, well before
this usage was institutionalized by Chomskyan linguistics. Suppose we generalize
this notion to any kind of user’s experience (which is unavoidable in any scientific
domain of study, but rarely accounted for). In that case, we need to distinguish
between the user’s knowledge about the individual features of his/her experience

Table 1 The distinction of ipseity, dialogicity, and neutrality in the phenomena accessed and the
modes of access, inspired in [11], as modified in [5]

Phenomena accessed

Ipseity (First person) Dialogicity
(Second
person)

Neutrality
(Third person)

Modes
of
access

Ipseity (First
person)

Introspection Empathy Phenomenology

Dialogicity
(Second
person)

Participant observation Dialogue Interactive
description

Neutrality
(Third
person)

Behaviouristic description
(“heterophenomenology”)

Interview Experimentation
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and those parts of his/her experience that may expose some invariants of any
experience of the kind. To account for this distinction, and many others, we have to
separate the modes of access employed and the phenomena on which they operate,
both of which may pertain to the first-, second-, and third-person (Table 1 and [5]).

We can have third-person reports of introspection, which is what Dennett [33],
confusingly, calls “heterophenomenology”, but a more fruitful third-person ap-
proach that pertains to the third-person domain is experimentation. Both phe-
nomenology and experimentation aim to attain neutral phenomena, but
experimental approaches choose a neutral mode of access, while phenomenology
uses an access method pertaining to ipseity. In part, experimentation and phe-
nomenology may not attain the same neutral structures. In part, however, they do,
but then phenomenology uses an iconic approach (in the sense of the next section),
while experimentation is reduced to an indexical modus operandi. Since both
methods have intrinsic problems, it is worth employing both approaches.

5.3 A Sketch of Epistemology for Cognitive Semiotics

At least since the nineteenth century, there has been a kind of consensus according
to which the domains of study and the modes of access to knowledge characterizing
the natural sciences and the humanities are different (See [2, 3], and references
given there). While 19th-century scholars did no doubt focus on this distinction in
order to defend the humanities from the onslaught caused by the rising prestige of
the natural sciences, the result, in the twentieth century, was for the former to be
seen as forming the poor relations among the sciences. Changing their methods
somewhat, parts of the humanities tried to get out of this opprobrium, not without
some success, through calling themselves “the social sciences”. In our time, cog-
nitive semiotics may be seen as an attempt to acquire the social sciences ‘
advantages without losing those of the humanities.

In the process of establishing an epistemology for cognitive semiotics, we should
not neglect the eighteenth-century contribution of Vico [34], who, in opposing the
contemporary fad of Cartesianism, observed that, in our capacity of human beings,
we could grasp the meaning of what other human beings have created, which
clearly comprehends the general traits of (human) culture, but, by implication, also
the different historically and socially situated instances of this culture, whereas
knowledge of other things, such as nature, can only be more indirectly, and labo-
riously, gained. More recently, this idea was endorsed by the eminent linguist
Coseriu [35]. Without referring to Vico, the semiotician Prieto [36] has suggested
that we should inverse the common epistemological view, according to which the
human and social sciences, which he terms the semiotic sciences, are subjective and
the natural sciences are objective. In his view, since the semiotic sciences are
concerned with things created by human beings, we can directly understand them,
that is, being objective. In contrast, the natural sciences can only bridge the gap
between human knowledge and nature by fashioning hypothetical models, which
are thus necessarily subjective. Prieto observes that “the sound, as a material object,
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may have innumerable properties, but the phoneme, which is defined by its func-
tional relations to the other plane of the sign, has a limited number of clearly
defined features. The latter, but not the former, can be grasped by human con-
sciousness” [37]. The obvious objection to this claim is that our knowledge of what
we ourselves have created, in particular, if “we” stands for all of humanity, may, in
the end, turn out to be somewhat obscure. More importantly, however, whatever
knowledge we can gain in that way is never sufficient, even in linguistics, because
we have to go below the level of what we, as language users, are ordinarily aware
of, beyond the phoneme to the phonological features, and so on [6, 28]. Put in the
traditional terms of hermeneutics, “we may say that, after coinciding with the user
in his or her understanding of the phoneme, the semiotician goes on to explain the
conditions of possibility of this understanding on the level of distinctive features. In
this case, semiotics contains the knowledge of the user and something more” [25].

There are basically two procedures for going beyond what is directly given to
human beings as meaning users. One of these procedures, which can be character-
ized as an iconic operation, may largely be the case for semiotic sciences, as Vico
and Prieto think. The second one, which can be described as indexical, is funda-
mentally the same as that employed by the natural sciences.1 Along the lines of what
will henceforth be called the Vichean-Prietean supermaxim, it may be supposed that,
since there is no way we, human beings, can make to get direct knowledge of nature,
there can be no knowledge without indexical operations. In contrast, for the semiotic
sciences, however paradoxical that may seem, iconic operations can be used to get
more appearances while also needing, in specific cases, to have recourse to indexical
operations. The first procedure is only possible because of the sedimentation of acts
in the stream of consciousness, as described by Husserl [39]. According to Husserl,
all our acts of consciousness (including but not limited to those accompanied with
external manifestations) can only have a meaning which is funded on the “passive
synthesis” of prior experiences, which is the result of acts of consciousness, which
either occurred earlier in our own life (genetic sedimentation) or which is the out-
come of acts of consciousness experienced by earlier generations of human beings
(generative sedimentation). In their passive state, these sedimentations already form
the basis of the assumptions permitting us to realize present acts of consciousness.
But the procedures of phenomenology are designed to allow us to reactivate these
sediments, clarifying their contribution to present meanings. As is clearly seen from
Husserl’s own manuscripts, this is a laborious and highly fallible procedure. Com-
bining Husserlean and Peircean phenomenology, we could say that this is a way of
delving deeper into iconicity.

There are two very different reasons why indexical procedures are also needed in
the human sciences, including cognitive semiotics. In the first case, some facts are

1 An aside for those who are familiar with semiotics: These terms are not used here to describe
different kinds of signs, and not even, in the first case, a kind of ground. According to my
meta-analysis of Peirce’s different phenomenological characterizations of grounds [38], iconicity
basically corresponds to the idea of “something being there”, that is, it concerns direct perceptual
experience. According to the same meta-analysis, indexicality involves something being added to
such a direct experience, that is, some more indirect procedure.
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simply not accessible to the human mind, and we are reduced to proposing rela-
tively arbitrary hypotheses, which can be more or less well-founded, to the extent
that they serve to connect a greater or lesser extent of nodes of observations,
whether these observations are made with the naked eye, with some, relatively
speaking, simple extensions of the eye such as microscopes and telescopes, or using
positron emission tomography (PET)-scanning, functional magnetic resonance
imaging (fMRI), and the like. In any case, these are probes into a matter which
remains inaccessible to us, which is not to deny that the history of the (natural)
sciences of the last 500 years has been the story of the extension of our ability to
delve deeper into this black matter.

The second case is different, but it leads to a similar conundrum. In spite of our
efforts to reanimate the sedimented layers of our consciousness, whether they were
laid down genetically or generatively, our access to their meaning is often blocked.
Using a term which has a history, since, after being coined by Ludwig Feuerbach, it
was adopted and adapted by Karl Marx, and thus by all his followers, we might say
that some kinds of sedimentations resist reanimation because they have become
reified. This is why some approaches to the study of humans, particularly to social
life, have adopted the indexical procedures characteristic of the natural sciences.
A case in point is economics, which is certainly opaque to human consciousness,
although it is clearly a human creation.

Charles Sanders Peirce, on the other hand, suggests in numerous passages [40]
(e.g., CP 1.121, 1.81, 6.307, 6.315), that (natural) science is possible because we
can start from presumptions about the connection between things (his “abduc-
tions”), which are more often right than wrong, due to some kind of affinity
between the human mind and the laws of nature. This Peircean supermaxim could
be understood as an extension of that of Vico and Prieto, but I have more difficulty
in espousing it. It seems that, in the history of the natural sciences, human beings
have often been wrong before being half right.

The lively 17th-century discussion between Newton’s disciples, who claimed
that light was made up of particles, and the followers of Huygens, who thought the
light was composed of waves, has by now subsided, resulting in the consensus
according to which light consists of something characterized as a wave-particle
duality. Since human beings have no experience of anything which is both a wave
and a particle, this can only be a metaphorical way of saying that some of the
properties which are familiar to us from our experience of waves as well as some of
those involving our experience of bodies can be shown to pertain to light, using the
indirect procedures employed. That is, it does not tell us anything about what light
is, only how it can be observed in different experimental situations. Such diver-
gences between human understanding and physical models, the problematic nature
of which Husserl [39] anticipated, have been exacerbated by the physics of quarks.
This goes beyond the classical problem of explaining the results of scientific inquiry
to the layman. It simply does not make sense to human beings, so we are reduced to
using contradictory metaphors. Physics, it follows, is fundamentally based on
indexical procedures.
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But the difference between the natural sciences and the human and social sci-
ences is not as clear-cut as this may suggest. The domain of study of medicine is the
human body, yet we have direct, “iconic” access to it: you can perceive the inner
organs with the naked eye, if first you take care to discard those parts of the body
which form obstacles to your view. Indeed, it was not so long ago that physicians
investigated the patient’s urine sample by tasting it [41]. Nowadays, medicine
disposes of many advanced indirect methods, such as fMRI, colonoscopy, ultra-
sound scans, and so on. Without there being any immediate relation between the
change of methods and medical theories, it must also be said that medicine has had
to liberate itself from a lot of theoretical baggage inherited, notably, from Hip-
pocrates and Galen, which proves that, at least in medicine, assumptions are
sometimes more wrong than right.

We have seen that many of the most important advances of psychology, which
terms itself a social science and even of evolutionary theory, have been founded,
wholly or predominantly, on iconic procedures. This is even true of evolutionary
biology, which, as Gould [42] observes, is largely concerned with singular facts. To
what extent this is also true of the “really hard” sciences, I must leave for others to
decide. As compared to the classical humanities and even most of classical semiotics,
cognitive semiotics makes muchmore use of indexical procedures. But it continues to
maintain that iconic procedures are indispensable, and the access to them is a privilege
which it holds on to since it is not given to all kinds of inquiries into knowledge.

6 Conclusion

In a way, this whole paper may be seen as a way of preparing to go beyond the
experience of the hero of the novel by the Nobel prize winner Olga Tokarczuk [1]
quoted at the beginning. Although it has no relation to theology, and most of the time
not much relation to physiology, cognitive semiotics is an approach to a vast domain
of knowledge, which can be characterized by the value “life”, which coincides, in the
general sense, with meaning: meaning-making, meaning-transference, and meaning-
reception. It is concerned with these three modalities in which meaning is encoun-
tered at the level of ontogenesis, phylogenesis, and microgenesis. As for methods,
cognitive semiotics employs all resources which can bring new facts to our
knowledge, including, to a large extent, experimental design, and field studies. Still,
it abides resolutely by the Vichean-Prietean supermaxim, according to which the
surest access to meaning, however laborious, remains that of ipseity, or the first
person. Since all endeavor for knowledge is fallible, all methods are called upon to
bring their part, but in the field of consciousness pertaining to methodology, phe-
nomenology is always thematic. In the case of language, this ideal has been realized,
at least in part, by several pre-Saussurean and pre-Chomskyan scholars, as well as,
more recently, by many scholars taking up the task after the epistemological night of
the Chomskyan half-century. In the study of pictures, it is only recently that we have
been able to make a start.
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Core Messages

• Integrated science must start by analyzing the meaning of the terms,
“science” and “integration”.

• Cognitive semiotics integrates semiotics and cognitive science’s domains,
methods, and models, including neuroscience.

• We study pictures as percepts, and as a skill developed by children, as in
psychology, but with a focus on meaning.

• We study the specific human ability for picture perception, as in archae-
ology and zoology, focusing on meaning.

• Cognitive semiotics integrates the sciences based on experience, i.e.,
meaning, whatever method is used.
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3Scientific Thinking: A Mindset
for Everyone

Osman Yaşar

Only he who, himself enlightened, is not afraid of shadows.

Immanuel Kant

Summary

It is difficult to instill beginners with experts’ habits of mind. Young children, for
example, frequently lack the content knowledge and practice skills required to
engage in scientific thinking (ST) processes. Furthermore, the cost of supplying
them with a laboratory to undertake scientific research could be prohibitive.
Linking ST to basic cognitive processes could be a solution, allowing us to
narrow down ST skillsets to more fundamental competencies that can be taught
to students. By merging relevant concepts from the literature with decades of
empirical data on science education, this chapter attempts to present a theoretical
framework to link scientific thinking to everyday thinking. The chapter proposes
a call for action to emphasize ST education for both the students and the general
public. While non-scientists employ ST processes the same way as scientists do,
not everyone uses them as iteratively, regularly, or methodologically as
scientists. With the myths around scientific thinking cleared away, we should
feel confident and empowered to tackle unfounded assumptions and taboos that
have haunted us for generations.
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Graphical Abstract/Art Performance

Scientific thinking: a mindset for everyone.
The calligraphy of a poem by Rumi 1207–1273.
It includes a distich:
Say not all are fighting; what use is my lone call for peace?
You're not one, but thousands; light your beacon.
It expresses how a mindset can be powerful in thinking.
(Adapted with permission from the Association of Science and Art (ASA),

Universal Scientific Education and Research Network (USERN); Made by
Reihaneh Khalilianfard).
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

There are two major myths about science education. One is that scientific thinking
(ST) is a linear process, which has been perpetuated to this day by textbooks and
instructional resources. This linear process starts with making observations,
building a hypothesis, making predictions, and conducting experiments to test the
validity of the hypothesis [1]. The other myth is that scientific thinking is a special
state of mind that only scientists get to have, use, and enjoy. However special the
scientific mindset might be, understanding the mind of a scientist is key to science
education because learning theories claim that students would learn science better if
they did it in a way to emulate how scientists think and work. Such understanding
could even have implications beyond science education because many believe that
the ST skillset may be narrowed down to fundamental cognitive competencies that
are no different from those of ordinary thinking. If that is true, then we can teach
scientific thinking to everyone.

Even though learning theories and educational frameworks recommend that we
teach kids essential scientific thinking skills [2], constructivist science activities
have yet to be fully integrated into the relevant grade-level curriculum. It is difficult
to instill beginners with experts’ mental habits. Young children, for example, fre-
quently lack the content knowledge and practice skills required to engage in sci-
entific thinking processes. Furthermore, the cost of supplying them with a
laboratory to undertake scientific research could be prohibitive. Therefore, linking
scientific thinking to basic cognitive processes could be a remedy, allowing us to
narrow down its skillset to more fundamental competencies that can be taught to
novices [3–5].
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This chapter attempts to link ST to fundamental cognitive processes by using a
computational model of the mind that is in line with the latest findings in several
disciplines. This model is based on the premise that a computational device may
generate cognition from information processing. It also assumes that the universal
characteristics of information may dictate how a computational device, be it elec-
tronic or biological, processes the incoming information. For example, as articu-
lated by Yaşar [6], a duality in distributive/associative characteristics of quantifiable
information, addition/subtraction modes of fundamental computation, and
scatter/gather aspect of information storage/retrieval by a distributed network of
neurons in the brain appear to lead to an inductive/deductive duality in fundamental
cognitive processing. Furthermore, theoretical considerations and empirical studies
from epistemology, neuroscience, educational psychology, and computing and
cognitive sciences indicate that these cognitive processes’ iterative and cyclical
dynamics are the essence of thinking and conceptual change. We all use them, but
not with the same consistency, frequency, or methodological rigor as scientists. The
following sections will introduce a brief history of scientific thinking, along with a
discussion of its cognitive essence and a way to promote it in science education.

2 Brief Definition and History

The thought process in a scientist’s experimental, theoretical, and computational
study is now referred to as scientific thinking (ST), which was previously known as
the scientific method. A scientist’s skills during an investigation encompass a set of
processes that pervade the field of science as well as the content of sciences.
Problem-solving, development and testing of hypotheses, concepts, and models,
conceptual transformation, and a collection of reasoning skills (deductive, induc-
tive, abductive, causal, and analogical) are among the ST skills identified in the
present literature and briefly listed in Table 1 [3].

While scientists like Galileo and others laid the groundwork for scientific
knowledge through observations and experiments, philosophers debated for two
more centuries whether a scientist’s subjective perspective of the universe could be
deemed objective and real knowledge [7, 8]. Some of these thinkers (mostly the
empiricists) stated that the mind is a blank slate that learns through perceptions and
experiences as well as generalizations and conclusions derived from these experi-
ences in an associative (bottom-up) manner through inductive reasoning. Other

Table 1 Cognitive processes involved in scientific thinking [3]

1. Problem-solving 6. Reasoning 6a. Deductive Reasoning

2. Design and modeling 6b. Inductive Reasoning

3. Hypothesis testing 6c. Abductive Reasoning

4. Concept formation 6d. Causal Reasoning

5. Conceptual change 6e. Analogical Reasoning
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philosophers (such as the rationalists) thought that knowledge is first gained
through innate concepts, which then serve as a source of more information derived
from them in a distributive (top-down) manner through deductive reasoning.
Figure 1 represents a simple illustration of associative and distributive ways of
information processing.

Kant merged these competing views to suggest the scientific method’s cognitive
essence as a two-way process of inductive reasoning (synthesis) and deductive
reasoning (analysis) [7]. It has been through an iterative and cyclical process of
synthesis and analysis that science has progressed over the years at both the societal
and individual levels [4, 8]. The way science is done should shape how new
generations are educated, yet unfortunately, the scientific method is still being
taught as a one-way linear process of synthesis for many reasons. First and fore-
most, the way it is being taught ignores the top-down process, shown in Fig. 1, by
which theories get re-examined, broken down to smaller elements, and changed
over time. We dislike change on a cultural and psychological level because it
threatens our mental stability. Also, because of limited resources and the attention
needed to answer new questions, revisiting previously addressed inquiries or the-
ories has been a low-priority and slow process often spanning decades. Growing
resources and new technologies, however, have recently accelerated scientific
progress by encouraging us to revisit previously established conclusions at a much
faster rate. As such, we should then teach students not only the synthesis and
analysis parts of the scientific process but also their non-linear occurrence. Many
students have a tendency to cling to their preconceptions and misconceptions.
Teaching them deductive thinking (analytical) skills is as important as
facts-and-data driven inductive thinking (synthesis) skills. Furthermore, teaching
students (as well as teachers) a cognitive understanding of scientific thinking and
how such expert thinking relates to the everyday thinking of a non-scientist could
help eliminate the myths and stigma surrounding science education.

Fig. 1 Distributive and
associative way of
information storage and
retrieval (Adapted from [6],
copyright held by the author)
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While the scientific methodology was introduced several centuries ago [7], our
understanding of its cognitive essence has only been possible recently through the
use of new imaging technologies and computational modeling techniques. Cogni-
tive psychologists increasingly use imaging techniques to investigate how we all
see, remember, and think. They also explore what brain areas are involved in crucial
perceptual and cognitive processes during scientific inquiry and problem solving by
monitoring scientists’ brain functioning. At the same time, new techniques are
being used by neuroscientists to better understand the brain systems that are acti-
vated throughout the learning process. Development and education psychologists
use all these findings to construct human development theories and how they might
be applied to education. Other theoreticians, such as cognitive scientists, also create
mental models to investigate how the brain may be generating cognition through
information processing and computation [9].

Since the inner workings of our brains appear to resemble, to some extent, those
of the electronic computers, having such tools in the hands of scientists in the past
several decades has generated some evidence as to how a scientist’s own thinking
resonates with certain uses of such tools. One of the insightful uses of electronic
computers in scientific research and engineering design has obviously been mod-
eling and simulation [10]. Electronic computers have recently proven to be par-
ticularly useful since they speed up the model construction and testing of many
scenarios, allowing researchers and engineers to enhance their initial models
quickly. Computational modeling and simulation technology (CMST) has been
very effective in scientific and industrial research. In high-stakes scenarios, CMST’s
forecasts of natural phenomena (e.g., weather, storms) and product performance and
safety (e.g., engines, planes) accurately match the behaviors of real-life physical
models. When a study is impractical to conduct experimentally because of its size
(too large such as the cosmos, or too small such as subatomic systems), ambient
conditions (too hot or dangerous), or expense, CMST appears to be all we have as a
methodology to tackle the problem at hand. The bottom line is that computation is
indeed a major pillar of scientific study, besides theory and experiment [10]. Having
used computational modeling and simulations to solve challenging science and
engineering problems at a national laboratory for many years [11] and also having
worked as a computational science educator later in higher education and K-12 for
more than two decades [5, 6, 12–17], I here present a view on cognitive essence of
scientific thinking as a follow up to earlier work [6] on cognitive processes involved
in everyday use of information storage, retrieval, and processing by our brains.

3 The Essence of Scientific Thinking

While imaging techniques help neuroscientists and cognitive psychologists locate
the brain parts where cognitive functions are occurring [3, 4, 18], understanding
how cognition is generated from the electrical activities of neurons is still limited
due to the complexities of the brain and the lack of direct access to it. As a remedy,
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we use models of the mind to relate cognition to information processing, storage,
and retrieval. Thanks to Alan Turing [19], his electronic imitation of the brain has
grown to display many structural and operational similarities with the brain in a
way to help us form a relationship between computation and cognition. Thanks also
to Donald Hebb [20], a neuropsychologist, we now know that the brain, just like
today’s electronic computers, uses distributed hardware (i.e., neurons) for infor-
mation storage, retrieval, and analysis. That is, information is retained in memory as
a distributed pattern and pathways of neurons, with retrieval requiring an asso-
ciative reassembly of the original pattern. This reassembly is regarded by some
neuroscientists as an act of re-imagination, which either adds some holes or extra
bits to the original pattern. In many ways, storing and retrieving information appear
to be similar to the act of thinking [21].

A consolidated view of information storage/retrieval and thinking supports an
argument that the associative and distributive nature of quantifiable information, as
shown in Fig. 1, determine how information would be handled optimally by any
device that operates on it [6, 12]. As such, our brain’s current structural and
operational state may just be an evolutionary response to thousands of years of
optimizing how better to handle distributive and associative operations of sensory
information. We have seen a similar evolution with electronic computing devices
since their first design by Alan Turing eighty years ago. For example, not only data
and instruction are now being handled the same way, but also centralized hardware
designs of the old days have evolved into distributed structures to optimize storage,
retrieval, and processing of information.

Even so, we stop short of equating mental representations with information
processing since it ignores the significance of mental experiences [9]. Furthermore,
the efficiency with which the human mind operates is still unrivaled. We appear to
have two competing brains: one that tries to simplify things, while another that
wants to dig deeper—a dual operation that mirrors the natural flow of information
processing in Fig. 1. Neuropsychologists and evolutionary biologists believe the
main cause is a structural tendency by an autopilot limbic system to bypass, sim-
plify, or minimize more complex cognitive tasks of a developed neocortex [22].
Cognitive scientists such as Montague [9] rather point to some non-structural
tendencies (e.g., concern for efficiency/survival) which drive the mind to attach
value, cost, and goals to our thoughts via computations, modeling, and simulations
of various scenarios.

Montague claims that the human brain employs modeling and simulation (M&S)
not just to represent external objects mentally but also to wrap up and compare its
own computations before making a decision. Then, those who use electronic
devices in the same fashion should greatly enhance their cognitive functions.
Rightly so, empirical evidence supports the effectiveness of M&S in scientific
inquiry by experts [10, 11] and in learning by novices [14–16, 23]. One of the
benefits of modeling is that it simplifies reality by removing details and directing
the focus on what is being studied/learned. Before delving into the underlying
specifics, modeling allows the researcher/learner to comprehend significant facts
surrounding a topic. As such, the process of modeling and simulation mirrors the
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scientific method described by Kant [14–16]. That is, a prior concept/theory (a
model) is first deductively analyzed and broken down into its sub-models for testing
and analysis. The sub-models are then updated, if necessary, and put back together
inductively (i.e., synthesis) to create a new or a modified version of the previous
model/theory.

Table 2 illustrates a commonly used terminology that describes various cognitive
processes involved in scientific thinking. Words in each column have the same
connotation, while words in each row describe poles of a dichotomy. At the core of
our simplistic ST framework (Fig. 2) lies the root cause for such dichotomy:
associative and distributive ways of information storage, retrieval, and processing
[5, 6]. While we are all capable of computationally generating cognition from the
two fundamental modes of information storage, retrieval, and processing [4, 9], not
everyone utilizes them in the same way that scientists and engineers do–i.e.,
iteratively, cyclically, consistently, regularly, and methodologically. For example,
while people casually form an idea, a concept, a model, or a design in their lives as
a form of associative (inductive) processing, when such a thing is methodologically
formed and examined by scientists, it is known to have led to major theories,
including the discovery of a specific bacterium as the cause of many ulcers and the
discovery of planet orbits as the representation of astronomical observations [4].
Furthermore, when associative processing of information is automated beyond the
capacity of scientists, it then is known, in the form of inductive algorithms in
data mining, to have generated in a few days what research programs took decades
[4, 24].

We all use inductive and abductive reasoning in our everyday lives. This type of
associative information processing is utilized to filter out details and concentrate on
the larger patterns, assigning priority and relevance to freshly acquired data. It aids
our brain by reducing, categorizing, and registering crucial facts and knowledge for
faster retrieval and processing, especially in its early phases. It is astonishing how

Table 2 A common terminology to describe ST dichotomy

Actions Addition Subtraction

Associative processing Distributive processing

Synthesis Analysis

Inductive/abductive reasoning Deductive reasoning

Packing Unpacking

Abstraction Decomposition

Uniting Breaking down

Gather Scatter

Outcomes Whole Parts

Model Submodels

Generalized information Details

Hypothesis Observations/facts

Concept Observations/facts
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humans use these reasoning skills to build powerful generalizations from confusing
and scarce facts. Abductive reasoning is a watered-down version of inductive
reasoning, especially when there is not sufficient data to draw concrete conclusions
[3]. Scientists use abductive reasoning to make estimates or generate assumptions
until further data is available to turn the data into a hypothesis. Engineers use it
more heavily because incomplete data set and uncertainty motivate them to find an
optimum solution from limited and feasible options [25].

Inductive/abductive thinking, also known as abstraction, can be thought of as the
wrapping (modeling) of objects. If so, then unwrapping, examining, and updating
the contents of such a model or construct against changed conditions at a later time
is needed for its evolution. As a result, it is just as vital to decompose (analyze) a
concept, a package, or a model in a distributive manner as it is to construct it in an
associative manner. Decomposition (a form of deductive reasoning) goes hand in
hand with abstraction. Where there is an abstraction, there is decomposition before
or after it because a breakdown often follows the unification of quantifiable things.

Deductive reasoning analyzes previously established theories and concepts to
discover new situations that these theories might be tested on. Re-examination of
theories under changing conditions and observations is part of how science
advances [8]. Deductive reasoning uses distributive processing and is similar to

Fig. 2 The essence of scientific thinking in terms of our typical cognitive processes (Adapted
from [6], copyright held by the author)
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dismantling or separating a generalization (a whole) into its constituents (parts) for
further investigation. In our daily lives, we all use deductive reasoning. It aids in
analyzing complex circumstances by breaking them down into smaller, more
manageable chunks (scatter). Then, we attack each item one by one until we arrive
at a total solution (gather). The famous “divide and conquer” statement, attributed
to Napoleon, demonstrates how important such thinking is to the general public.
Deductive reasoning is utilized more frequently in engineering than inductive and
abductive reasoning. It looks at how well-known scientific concepts and engi-
neering designs can be applied to various situations and issues [25].

As illustrated in Fig. 1, iterative and cyclical use of inductive and deductive
reasoning becomes the fundamental essence of conceptual change that we all use
for learning [26]. Conceptual change is the process of iteratively forming, testing,
and modifying a theory, design, or model in science and engineering. The process
of modeling and simulation is an important mechanism by which conceptual
change occurs, both electronically and biologically, though more expeditiously with
electronic computers than with the human mind.

Prior to synthesizing new concepts or analyzing existing ones for additional
testing under new circumstances, it is important to connect all relevant pieces of
information via searching and sorting. Both causal reasoning (to build cause and
effect relationships) and analogical reasoning (the formation of analogies between
different variables) are intertwined with and dependent on searching, sorting, and
other aspects of scientific thought that we have examined thus far [3]. For example,
causal reasoning is crucial in connecting unexpected or accidentally discovered
findings. Many scientific discoveries have actually been of an unexpected nature,
thereby requiring scientists to utilize causal model-building, analogical reasoning,
and problem-solving to identify and prove the relationships [4]. Engineers use
analogical reasoning very often, as they tend to defend their choices of optimal
design solutions by citing precedents, or they start with a design that has already
been employed in another application [25].

In the literature, problem-solving is defined as a search within two connected
spaces: hypothesis (conceptual) and experiment (empirical). Each space contains all
of the potential states of its kind, as well as all of the procedures a problem solver
can use to move from one state to the next. Researchers Klahr and Dunbar [18]
found that each space-constrained search in the other during problem-solving, and
participants moved between hypothesis and experiment spaces, similar again to the
dynamics in Fig. 1.

According to Paul Thagard [4], scientific thought processes are no different from
those used by non-scientists in everyday life. What he meant is that their essence is
the same and that the difference comes from how they are used. The utilization of
information processing, storage, and retrieval would vary for each person. While
the underlying brain hardware and the quality and quantity of sensory input we each
receive from our environment determine how each of us utilizes our brain’s com-
putational capacity, we are all naturally inclined to employ both associative- and
distributive-aspects of information processing and the inductive/deductive reason-
ing that they support. However, not all of us are equally aware of the value and
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significance of these reasoning skills, nor do we all completely exercise and utilize
them. By judging from success stories of scientists or scientific discoveries in the
past [3], we expect an ideal scientist to be a person who uses the mind’s capacity for
associative/distributive processing of information in an iterative, cyclical, consis-
tent, and methodological way in order to acquire a habit of conceptual change. Of
course, in reality not all scientists think and work the same way. All in all, how
these processes are used distinguishes scientific thinking from ordinary thinking.
The good news is that, with training, knowledge, and experience, such capacity can
be developed beyond what is inherited. And, this is what often motivates educators
like us to demonstrate that there exist some tools, such as modeling and simulation,
to facilitate scientific thinking.

4 Conclusion

There are a lot of similarities between electronic and biological computing devices
as to how they store, retrieve, and process information. This is arguably due to an
invariant (associative and distributive) nature of information that optimally res-
onates with any computing device which handles it in such a manner. The root of
associative and distributive nature of information is no different than that of the
granular matter itself. They both involve ontological constructs that behave com-
putationally–either by uniting associatively to form larger constructs or by breaking
down distributively to form smaller constructs. And, the entire dynamics of all
quantifiable objects has been shaped by an iterative and cyclical process of this
behavior [13]. It has certainly been employed by the universe in its evolution for
billions of years. We humans also use it because we have a computational mind
which operates on quantifiable information. Any mind that uses it consistently,
frequently, and methodologically–like that of scientists and engineers–should
evolve to become smarter, more knowledgeable, and freer of misconceptions and
preconceptions.

Many core elements of ordinary (and expert) thinking can then be viewed as
forms of associative and distributive processing, scatter and gather way of infor-
mation storage and retrieval, as well as searching and sorting in conceptual and
empirical spaces; all of which are prompted by sensory input or result from
inter-neuron communication. Such a simple cognitive framework could help us
narrow down scientific thinking skills to more basic competence that even novices
can learn. The good news is that such skills can be improved, through education
and experience, beyond what we inherit. Slow or fast, our minds will one day gain a
more universal awareness that would free us of unfounded assumptions that have
haunted us for generations. Yet, we can set the pace of this progress to save time
and to minimize loss.
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The history of science education suggests that the way science is done impacts
how new generations are educated. Science done computationally in the past
several decades has been well recognized and even received several Nobel prizes.
The cognitive benefits of a cyclical/iterative deductive and inductive approach to
the scientific method and the use of electronic devices to expedite such an approach
via modeling and simulation are well recognized now. Its impact on education has
been the introduction of many undergraduate and graduate courses and degree
programs in computational science and teacher education [14–17]. The author has
been at the forefront of this computational revolution from the beginning through
his efforts of establishing the first undergraduate degree and teacher education
programs in computational science and of his advocacy of such programs through
his testimonies before the U.S. Congress and funding agencies. Thanks to funding
and encouragement from the U.S. National Science Foundation, relevant profes-
sional societies, and the State governments, computational thinking is now being
taught in a growing number of K-12 schools. The computational thinking reform
has now taken on a worldwide global character as many other countries are starting
similar initiatives. The author believes that scientific thinking education also needs
to ramp up its own efforts as the time has come now to expand the ongoing
computational reform to pre-college education of our students as well as general
education of the public itself. After all, scientific thinking is a mindset for everyone,
not just the scientists.

Core Messages

• We can teach everyone how to think like a scientist.
• The two core elements of scientific thinking are deductive thinking

(analysis) and inductive thinking (synthesis).
• The scientific method that is currently being taught in schools does not

reflect how science is done these days.
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4Integrated Education

Brian Lighthill

…the happiness of mankind comes from education, which is
about learning how to develop mental facilities, how to express
opinions and how to develop dialectic reasoning.

Aristotle

Summary

In this chapter, I will argue that based on my action research and based on a
decade of peripatetic work in schools and other further education settings,
pedagogic practice as is does not achieve the results needed by the 21st-century
learner–that of becoming an independent, flexible, creative, problem-solving
thinker. By the transdisciplinary exploration of selected Shakespearean stories
from the literature curriculum in parallel with the personal and social
development syllabus, this chapter will champion the benefits–for both students
and teachers alike–of integrated education. I discovered that in an age of readily
available information, the teacher’s role is less as a provider of knowledge in
subject-specific silos and more as an impartial facilitator who stimulates learners
of all ages to develop their mental faculties, encourages them to vocalize their
ideas and, though the Socratic method, become receptive to investigating and
discussing the truth of other opinions.
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction to the Chapter Title–Unpacked

I have a dream. And my dream can be described in one sentence:

I dream that the primary aim for all education is to develop the ability of learners to think
for themselves.

This would be a humanistic way of thinking about an educational system that
aims to empower students rather than treat them like empty vessels into which facts
are poured [20].

The education system in the UK is what Apple (2004) [1] calls a de-humanistic
process: “cultural transmission” which “processes” both knowledge and people
(pp. 32–33) in “factories of order” (Gardner et al., 2000, cited in [15], p. 12)–better
known as a “school”. What my research has shown me is that instead of teaching
knowledge in silos–one subject in isolation to all other subjects–a deeper episte-
mology would be transdisciplinary study–or “integrated education”.

Recognition of three extant approaches to pedagogic delivery brings clarity to
this debate:

i. first, there is “transmission teaching”, which is the traditional one-way transfer
of knowledge, skills, and values from teacher to the learner;

ii. second, “transaction teaching”, which emphasizes problem-solving through a
process of pupil/teacher interaction; and

iii. third, “transformation teaching”, which is holistic and non-compartmentalized
and factors in cognitive, moral, spiritual, and socializing needs [9].
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The dominant methodology is transmission teaching, where students learn to
accept that knowledge has been logically organized for their benefit [9]. However,
Reid and Scott’s (2005) [47] analyses indicate that education should not just be
about acquiring subject knowledge–training the learner for the workforce–but
acquiring the skill to transfer knowledge–learning for life. Buzan and Dixon’s
(1978) [8] research concluded that the mind does not generally think according to a
“collection code” ([6], p. 231) but in images, keywords, and linked patterns using
an “integrated” system (Ibid.) and that there was an enormous improvement in the
performance of learners who substitute mind patterns for the more traditional
method of approaching and organizing information.

When allowed to, students grab pieces of information that have many hooks
attached to them. This act encourages enquiring minds and self-motivated
higher-order cognition as tangential ideas and a holistic picture of the curriculum
(Ibid.) comes into focus. But, as Paechter (1995) [41] wrote, are Buzan and Dixon’s
ideas realistic in an education system that struggles to think “outside the boxes of
subject specificity/particularity” (p. 99)?

Three quotes bring me to the foundations on which the conceptual framework of
my research was built:

i. first, that “the purpose of education is to lead children towards intellectual
development” ([48], p. 4);

ii. second, that the aim of education is “learning to learn” ([43], p. 30); and
iii. third, which synthesizes the first two that the happiness of humankind comes

from education for life, which is about learning how to develop mental
facilities, how to express opinions, and how to develop dialectic reasoning [2]
or, as Nelson (1965) [39] wrote, “making philosophers of the students” (p. 1).

Finley (2005) [12] advocates that the aim and objective of pedagogy are for
children to embrace their understandings of themselves and society and, in so
doing,

encourage them to imagine all that they can do and be in their lives (Ibid., p. 690).

Finley (2005) [12] writes that the teacher’s task is to provide tools for con-
structing new autobiographical images by taking students back to the past to
contextualize their present inheritance of a previous society’s discoveries and then
point learners towards exploring their own possible futures [16]. This is a
humanistic way of thinking about an educational system that aims to empower
students rather than treat them as empty vessels into which facts are poured [20].

The 1988 “Education Reform Act” (cited by [37]) laid out a national curriculum
for the UK. It noted three core and ten foundation subjects that could benefit from
various types of integrated curricular provisions–skills such as communication,
problem-solving, and study skills could be taught cross-curricular; as could eco-
nomic and industrial understanding; environmental education; health education;
individual, family and community awareness; and national, European, international
legal and political dimensions. Further development on integrated education
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thinking came as a result of the Dearing Report (1994), which advocated a
reduction of curriculum content by “working towards the greater integration of
school subjects” (cited in [41], p. 102)—but, as Fullan (1999) [14] noted, such
blue-sky thinking was based on idealism, rather than executive or teacher
consensus.

Whitty et al. (1994) [58] defined integrated education as organic planning and
horizontal learning, which arises from the real-life context in a complex world.
However, until there is clarity on the benefits of a well-planned integrated cur-
riculum as a way of dealing with a crowded timetable, as a way of saving students
time, and as a way of allowing them to carry out longer, more open, and more
substantial tasks [41], teachers will struggle to embrace interdisciplinary pedagogy
and support the claim that knowledge could be interrelated [26]. It can be argued
that only when the relationship between learning-in-school and learning-for-life is
recognized will there be a move towards an integrated timetable.

Because of my journey through life (which I will explore in more detail in
Sect. 2), I have three primary interests which I want to share with learners of all
ages. The first is my love of William Shakespeare’s work; the second and third are
the two ‘social science studies’ on the curriculum, which are clumsily known as:
“personal, social, health and finance education” or PSHFE and “citizenship” or
Citz–which, for the sake of brevity and clarity I conflate into: personal and social
development (PSD).

PSD are the learning for life skills that will continue to be relevant to the
students as they journey along their road toward their “good life” ([21], p. 191).
Long after subjects which were taught in silos–geography, maths, history, physics,
art, languages, etc.–have been forgotten by young students, their development of
personal and social issues will continue to inform their life choices and enable
learners to cope with those “slings and arrows of outrageous fortune” (Hamlet, III.I.
72) which life throws at us all.

So, I hypothesize that, by Integrating social science studies with the literature
curricula, we move to learn away from pedagogy based on knowledge transfer
(students as empty vessels into which facts are poured) and towards transforma-
tional knowledge (which will give them the tools they need to make good choices
on their journey through life).

2 My Influences–Described

I am all too aware that my life journey will influence my research–both past and
current–and that said life journey is both an asset and a limitation. I brought to my
doctoral research my life-long learning, but that life-long learning could also have
affected the objectivity and reliability of my investigation.

There was a need to be mindful that my enthusiasms, my appreciation of the
wider pedagogic value of drama, my love of Shakespeare’s plays, and my desire to
stimulate personal and social development in learners, did not influence the case
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study dissemination and subsequently lack that determining credo which underpins
the researcher’s work–the holy trinity of “validity, reliability and objectivity” ([53],
p. 59). I am aware that I should not make great claims for my work; there is a need
to remain the “impartial facilitator” (Gearon, 2006, cited in [17], p. 125) in practice
and the impartial researcher in evaluation.

Harwood (1998) describes the “impartial facilitator” (cited in [17], p. 125) as in
charge but as passive as possible. And though being “impartial” is an unattainable
state of mind, as Freud’s body of work illustrates, the facilitator can aspire to be as
non-judgemental as possible [13] and [my parentheses are mine],

not to convey a new truth to them (the students) in the manner of an instructor but only to
point out the path along which it might be found ([39], p. 5).

After leaving school–with very few qualifications–I trained and qualified as an
accountant. This was a part of my life that is best marginalized.

I then went to Drama school, where my heart lay, and then started as a pro-
fessional actor in 1968. My second contract (1969) was at the “Theatre Centre”,
London, under the artistic director Brian Way–one of the doyens of the theatre for
education movement. Way believed in participative drama where the actors and
audience jointly explored a story. For example, very young primary school students
shook shakers to create magic music to take Balloon (and us) to the moon, and
secondary school students became kinaesthetically involved in a dance drama that
explored the plight of Caliban in The Tempest.

Way’s philosophy on theatre for educational purposes can be encapsulated by
this quote from his seminal work, Development through Drama (1967):

…the question might be ‘What is a blind person?’ The reply could be ‘a blind person is a
person who cannot see’. Alternatively, the reply could be ‘Close your eyes and, keeping
them closed all the time, try to find your way out of this room.’ The first answer contains
concise and accurate information; the mind is satisfied. But the second answer leads the
inquirer to moments of direct experience, transcending mere knowledge, enriching the
imagination, possibly touching the heart and soul as well as the mind. This, in
over-simplified terms, is the precise function of drama ([57], p. 1).

Way, with typical modesty, considered the above example an “oversimplifica-
tion”, but I would argue that this example goes to the very heart of the function of
drama for education because dramatic exploration, whether cognitive or kinaes-
thetic–through English or Drama classes–allows pupils to speak from the illusion of
having had a first-hand experience. Somers (1994) wrote that:

The relationship that exists between the imagined and the real is the key to the learning
process unique to drama. Augusto Boal calls this state ‘metaxis’. […] Whilst engaging with
the situation in the shoes of another, the student views what happens to the character from
the reality of self ([52], p 11).

…with a resultant “doubling of the self”–looking in and looking out at the same
time–which can lead to the ‘‘I-now’ perceiving ‘I-before’ and having a presentment
of, the anticipation of, a “possible-I”, a “future-I’’ ([7], p. 28). And as Heathcote
(1972), a contemporary of Way, noted:

56 B. Lighthill



…then who knows what success we may have in educating children to become sensitive,
aware, mature citizens, able not only to see the world from their own viewpoint, but
through the eyes of others ([22], p. 161).

Over the next three years, I worked with Way on scripted and improvised plays–
discovering the power of participative drama to stimulate Socratic dialogue [39]. In
1974 I joined the BBC, and from that date through to 1999, I worked my way
through the BBC in-house training system to become a director and producer of
television and radio dramas. I subsequently worked on one-off plays, series, and
serials for major UK television and radio production companies.

My love of storytelling (2.9)–for that is what I regard drama to be–has never
waned. And on reflection, throughout my directing and producing career, I have
continued to appreciate the pedagogic benefits of exploration through drama. As
Miller (1998) wrote in the Secondary Heads Association report, drama sets you
FREE,

“Drama contributes far beyond its own curriculum area in most schools. Personal and social
education, assemblies, and other subjects using role play, benefit most. All schools iden-
tified confidence, communication skills, team work and understanding as the four most
important benefits. Drama clearly contributes comprehensively to personal and social
development” ([33], p. 22).

Drama has been central to my work-life. And if the contribution of my work-life
needed factoring into my research project, so too must the interests in my
out-of-work-life. I worked extensively with disaffected teenagers in London’s
high-rise estates and have been privy to the challenges they face. And over the
years, I heard adolescents speak of the increasing pressure placed on them to stay
out of trouble, grow up, and act responsibly, but as Madge (2006) notes.

Many measures to encourage social order among young people focus on the individual but
may well be more effective were they to urge community responsibility ([31], pp. 142–3).

In the past decade, I would argue that the need for a renewal of the idea of the
community has become both a political ideal–and a social necessity. From 1998,
when the United States Embassy was bombed in Tanzania, the 9/11 attacks on the
Twin Towers in New York (2001), the train bombings in Spain (2004), the London
bus and tube attacks (2005), and the daily suicidal “martyrdom” in Iraq, Afgha-
nistan, India, Paris, and Pakistan–the citizen who feels disenfranchised has become
aggressively visible.

There was a national gasp of incredulity, reflected in the popular UK press, as
the bombers in London were discovered to be British-born and bred. But I would
argue that the young men responsible for those bombings were citizens who felt
disengaged from both their country of birth and their community. Moschonas
(2002) [36] argued that there is a direct correlation between the identities of social
democracy being weakened over the last decade with the repression of the political
classes into an amorphous classlessness and that a resultant zone of
quasi-non-representation (p. 322) has been created where citizens find it increas-
ingly difficult to be heard. The italics introduced to the following extract from the
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suicide video left by British-born Mohammad Sidique Khan corroborates
Moschonas’ thinking as Khan illustrates his sense of being the “Other” [25] in his
birth country [italics are mine]:

Your democratically elected governments continuously perpetuate atrocities against my
people and your support of them makes you directly responsible […] “Until we feel
security, you will be our target. Until you stop the bombing, gassing, imprisonment and
torture of my people, we will not stop this fight [10].

In 2000 I retired from directing and producing television and radio dramas and
decided to study English literature at university. Over the next six years, I gained a
B.A. and M.A. in the English faculty at the University of Warwick, UK. I enjoyed
those journeys–particularly the research for my M.A. dissertation, which explored
my case for the continued inclusion of statutory Shakespeare studies on the sec-
ondary school curriculum. I started that exploration with the desire to promote
Shakespeare’s study because I thought that Shakespeare might become “an
endangered species” ([29], p. 36). In short, my MA dissertation explored how to
contemporize Shakespeare’s work and make the plays more accessible for young
learners.

When I decided to take my M.A. research forward, I began to appreciate that I
had to approach my objective of making Shakespeare’s study accessible via a
different route. And this subconscious conceptual discovery inspired my move from
the English faculty to the Institute of Education to focus on the epistemology
behind the evolving pedagogy. The theoretical emphasis now developed from
exploring the relevance of Shakespeare’s plays head-on through the English cur-
riculum to using three selected stories–written by me and closely based on
Shakespeare’s texts–as pedagogic tools with which to stimulate Socratic discus-
sions [39] on personal and social topics, as students start to navigate the “second
decade” ([3], p. 11) of their lives.

So, over the four years of observations and action research, the focus of the
research question became: “Can the ideas, themes, and issues [45] embedded in
selected Shakespearean stories stimulate exploration by the learners into what it
means to be both an empathetic member of, and an active contributor in, the
parochial (school) and wider (country/global) communities?”.

I think that Shakespeare’s plays have lasted because the “ideas, themes, and
issues” (Ibid.) that the characters negotiate are as relevant today as four hundred
years ago. The stories are recognizably “peopled with fathers, mothers, sons,
daughters, wives, husbands, brothers, and sisters” ([19], p. 2) and the emotions they
express, “love, hate, awe, tenderness, anger, despair, jealousy, contempt, fear,
courage, wonder” (Ibid., p. 3) are all familiar to the learners I was working with and
are a stimulus for personal development. And Shakespeare’s stories also can stim-
ulate social awareness by offering students an “inexhaustible resource of alternatives
of what it is to be human, and what societies are or might be” ([18], p. 141).

And because Shakespeare’s stories are grounded in an education system which
was based on the Classical idea that “truth is not singular” ([4], p. 327), these stories
reflect a model of a balanced social contract [46] — for every Hermia, there is a
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Helena (A Midsummer Night’s Dream), for every Macbeth there is a Banquo
(Macbeth), and for every Romeo, there is a Tybalt (Romeo and Juliet). Bate (1997)
[4] argues that Shakespeare’s stories are an ambidextrous pedagogic tool for per-
sonal and social development. Wittgenstein’s (cited in [4], p. 328) encapsulated the
idea of the “aspectuality of truth” when he wrote on the famous Gestalt drawing
([23]; Fig. 1), which depicts both a duck and a rabbit.

This is a drawing of a duck. This is a drawing of a rabbit. Now you see a duck; now you see
a rabbit (Ibid., p. 328).

How frustrating, how exciting, and how stimulating that is. Neither the duck nor
the rabbit can be seen simultaneously, yet both realities are true. Shakespeare’s
plays exemplify that truth is not singular–a concept that learners, steeped in
receiving “right knowledge” and “teaching to the test” ([32], p. 48), find difficult to
comprehend.

3 The Action Research–Explored

As an “impartial facilitator”, I worked with two student intakes over four years
(2006–10). There were approximately 90 students in each intake, and I followed
their development between the ages of 11–16. In the first group (2006–9), I was the
“observer”–watching closely existing teaching practices as PSHFE, citizenship, and
Shakespeare was ‘transmission taught’. The second cohort (2007–10) was my
“action research” group with whom I developed “30 lesson plans for teachers” [28],
which deliver both the PSD and English (Shakespeare) curricula.

With the first cohort, the “observation” group, a “research randomizer” [56],
selected seven students who were interviewed three times a year by me, in their
homes, to ascertain what they thought those mentioned above “taught” lessons “did

Fig. 1 The mind’s eye: duck-rabbit ambiguous image [23] Anonymous Illustrator, 1892
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for them”? I also explored how the students thought the lessons could be “im-
proved” and what was the “point” and “impact” of these lessons on their life-world?
These interviews were triangulated by parallel interviews with parents and teach-
ers–and all interviews were transcribed for future analysis. With the “action re-
search” cohort of students, I also looked for any development in the randomly
selected students’ maturation through time which could have been influenced by
my integrated approach to use Shakespeare’s stories as a portal through which
personal and social development might take place.

After observing the first cohort, I discovered that one of the challenges in
“teaching” emotional literacy and social awareness is that teacher pontificating,
however well informed and sensitive it might be, will not stimulate deeper learning
than peer-on-peer teaching. And however disappointing this might be to teachers,
research suggests that [parantheses are mine].

as they (the students) get older, children and young people turn increasingly to friends and
media channels for information ([31], p. 62).

I discovered that by becoming an impartial facilitator, who is “steering” the PSD
sessions, I made a greater contribution to personal and social development and the
relevance of Shakespeare’s work than by using traditional transmission pedagogy.

Nelson (1965) [39] challenged the idea of “dogmatic teaching” (p. 25)–the
teacher as expert, the student as a blank slate, the classroom in fixed rows, and the
best way to learn is alone [11] — and introduced the idea of communally learning,
peer-on-peer learning in order to develop the skill of philosophizing ([39], p. 11;
4.4). One of the primary aims of the Socratic method is for students to discover that
they do not know of all certain knowledge. Learners need to become aware of the
“perplexities and uncertainties” in life (Plato, Epistles cited in [39], p. 14). Nelson
argued that such an approach is not negative but productive because it enables the
possibility of “regressive inference” ([51], p. 131) or “metaxis” ([7] cited in [38],
p. 10) to take place: metaxis–learner discovery, re-discovery, and the possibility of
change–goes to the very heart of personal and social development because it helps
learners to look at issues from many angles and develop the empathetic skill of
being flexible–of seeing others’ points of view.

So, as the impartial facilitator in PSD lessons, I would set a conundrum–inspired
by an issue being aired in one of Shakespeare’s stories–for the students to discuss in
small groups and then present their conclusions to the whole year. Conundrums
like: “What makes a good community?”, “Who is to blame for all the murders in the
Macbeth story?”; “Is there such a thing as love at first sight?” were deeply dis-
cussed, philosophized over, challenged, and counter-challenged by the students.
My research led me to understand that through exploration of the character’s
journey in the stories and through peer-on-peer Socratic discussion on the decisions
made by those characters, students could explore the various courses of action that
the characters could have taken–and vicariously the course of action they, the
student, might have taken if faced with a similar conundrum. And through listening
to other points of view, students develop the skill of understanding that “truth is not
singular” ([4], p. 327).
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If cooperative learning is a process of bringing about agreement amongst stu-
dents based on a validity claim that speaker and receiver can mutually recognize,
then such an approach nudges the ego towards the common good. This is not an
inherent skill but one that needs developing. If deep-learning and conceptual un-
derstanding are enhanced; if social awareness and acceptance of “the other”
developed; if peer acknowledgment of personal contributions raises self-esteem and
prepares students to become positively involved in the wider community–then
cooperative learning, through speech acts, would be a productive way forward for
both educational and citizenry development [42].

Over the four years of observation and action research, I developed an integrated
exploration of PSD and Shakespeare studies. I started each academic year with
interactive storytelling of a Shakespearean story. Let me explain this idea further…

Everyone loves having a story told to them. But story-listening can be a very
passive exercise. So, to reinforce the relevant themes and issues in the chosen
Shakespearean story, I devised an interactive storytelling method I call the
Shakespeare “whoosh”–for reasons that will become clear…

My version of the Shakespeare “whoosh” originated from Winston and Tandy’s
(1998) [59] “story stick” idea for primary school students. It was further developed
by the Learning Department at the Royal Shakespeare Company. My “woosh”–the
hub of “making Shakespeare relevant” [28]—morphed into a 35–40-min story-
telling experience where the whole story of a Shakespearean play can be enjoyed in
an interactive, immersive, all-inclusive way. Freed from the complexity of
Shakespeare’s language, my contemporary written “whoosh” is accessible to all
ages and all abilities. If pure storytelling is “two-dimensional”, then my “whoosh”
is “three-dimensional”–with the students as the pop-up characters. My Shakespeare
“whoosh” creates moving pictures that illustrate and clarify the characters’ journey
in the story. But the “whoosh” is not a drama lesson–it is merely “controlled play”,
as one 11-year-old (2007) said to me,

The story was cut down to the main points; Brilliant, everyone involved; I liked the lessons
because we got to interact and had fun.

The Shakespeare “whoosh” described…The Story Teller (S.T.) sits with the
students in a circle and, with a storybook (folder) in hand, reads a synopsis (for an
example, see below) of a Shakespearean play. At times the students passively listen
to the story. At other times randomly selected students are invited into the circle
(ACT) in order to make a moving picture of the action as the story unfolds, e.g., in
Romeo and Juliet, Samson biting his thumb at the Montague servants or Abraham
and Samson moving together to fight. And when the story is being “acted out” by
the students, the (S.T.) can either remain sitting in the circle–or can move amongst
the characters as either the storyteller or (in the role) as one of the characters.

And at the end of a section of the story–a scene changes in the text–the (S.T.)
says “WHOOSH”, and all the students in the circle sit down, and new volunteers
are drawn in as the story develops. This means that many students can get involved
in the storytelling as they listen and react to the actions being described. It also
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means that many different students can play at being Romeo, Juliet, Capulet, the
Nurse, etc.

So, the opening of the Romeo and Juliet “whoosh” goes like this: All students
are sitting on the floor in a circle, as shown in Box 1.

Box 1 Students at the opening of the Romeo and Juliet “whoosh”

(S.T.) A long, long time ago - in a beautiful city in Italy - Verona was its
name - two families (indicate half the seated circle) the MONTAGUES and
(the other half of the circle) the CAPULETS lived in hatred of each other.
Their hatred went back such a long time no one living could remember why
they started the feud in the first place. But hate each other, they did. Even the
ruling PRINCE (S.T. in the role) found controlling these families difficult,
“and the Prince’s word is the law!”.

(ACT) One hot summer’s day, some of the SERVANTS (choose THREE
servants) from the Montague family are hanging around in the Cathedral
square spoiling for a fight with some of the SERVANTS from the Capulet
family (choose THREE servants). SAMSON — a bit of a trouble maker -
from the Capulet family, bites his thumb at the Montague servants (S.T.
demonstrates, get a student to imitate this action). Now, this is a serious insult
in Italy, and ABRAHAM, from the Montague’s, accepts the insult, and the
two men get out their blades and approach each other to start a knife fight.
(freeze the students).

Romeo’s friend BENVOLIO, a really nice lad, tries to make the men stop
fighting by drawing his own knife. Then Juliet’s cousin, TYBALT - a lad with
a serious ‘attitude’ - seeing Benvolio with his knife drawn, draws his own
blade to join in the ‘fun’. (freeze these two students).

Finally — into the square comes Mr. CAPULET and Mr. MONTAGUE,
the heads of the families, who get out their knives so that they too can fight.
(freeze).

When the PRINCE arrives (S.T. in the role), he is furious! “In the past few
months, three fights have broken out between the families, causing the street
of Verona to become unsafe for other citizens. This behavior will not be
allowed to continue!” He orders them all to return to their homes -
“Immediately!!”.

WHOOSH! (…and all the students return to sit in the circle again.)

And so, the story progresses.
After the students experience the “whole” story, I, as the impartial facilitator, set

relevant conundrums which will act as a portal through which they can explore one
of the many issues which Shakespeare airs in the play; for example, issues about
self-responsibility, blame, family control, relationships, society, children’s rights,
bullying, gang fights, etc. The students then start to discuss these conundrums in
small groups of, say, five students (these groups could be friendship groups, peers
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who do not normally work with; same-sex groups; or a deliberate mix of the sexes
to widen the small group experience). However, all the small-group discussions end
up with the students sharing their thoughts with the whole class to develop their
oracy skills, their presentation and listening skills, and their ability to make their
opinions visible.

As an impartial facilitator, I neither agree nor disagree with their thoughts. I give
a neutral response: “Ah-ha” or a, “Mmmm…” And if a student disagrees with
his/her peer, I encourage them to engage with their fellow student and debate why
they disagree. Stimulated by Shakespeare’s stories, these lessons are very much
their time in which to explore their personal and social understandings. And to
reinforce the importance of their philosophizing and to illustrate that their opinions
do matter, I always write their key points on a whiteboard — nothing does more to
validate and give gravitas to a student’s thoughts than to see it written up on a
whiteboard or on a flip chart. And on rare occasions, I acted as an “agent provo-
cateur” to “force” philosophizing. By doing this, I sit on the shoulders of a mighty
giant:

One achievement is universally conceded to Socrates: that by his questioning he leads his
pupils to confess their ignorance and thus cuts through the roots of their dogmatism. This
result, which indeed cannot be forced in any other way, discloses the significance of the
dialogue as an instrument of instruction. […] Only persistent pressure to speak one’s mind,
to meet every counterquestion, and to state the reasons for every assertion forces minds to
freedom ([39], p. 15).

All of the sessions are held in large spaces, large enough to accommodate the
whole year and large enough to help develop a sense of “community”. However, I
discovered that if this is totally impractical, if there is no suitable, quiet space for the
whole year, then I recommend splitting the year in two. A large workshop builds a
community. As one of the English teachers I worked with said (2010),

I think they (the students) have a very conscious sense of ‘community’. I do think they are
more aware of it […] not many year groups have lessons together like that for three years,
and I think it has given them as a year group a sense of cohesion which is always good - and
that builds community in itself.

What I aimed to do was create a space where the students could learn to express
their opinions safely. I want to create an atmosphere where philosophizing can take
place on whatever cognitive level the students are at.

Finally, I want to share the second element in this integrated pedagogy briefly.
After most sessions, I give the students a “home thinking” exercise. This was a way
to give the students some quiet time at home to think about their own personal and
social development and the relevance of the Shakespearean stories to their
life-world. Sometimes this home thinking consisted of a moral conundrum; at other
times, I asked them to evaluate what they had discovered in the session we had just
had together. And because I wanted to differentiate “home thinking” from “home
work”, I initially made the “home thinking” voluntary–but, to be honest, that did
not work.
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“Home thinking” needs to be backed by the rigor of “home work”–but with a
subtle emphasis on the fact that “though this work is not assessed it is important for
your “good-life””, for “your development”. If I said it once, I said it a hundred
times to the students:

‘Home Thinking’ is a work-out for the brain. Don’t forget - like physical exercise: ‘use it or
lose it!’ Use your brain or lose your brain...the choice is yours.

Giedd coined the phrase “use it or lose it” (cited in [44], p. 866), observing that if
adolescents–at this critical time in their physical and mental maturation–are
involved in, for example, music, sports, or academics cognition, then those are the
cells and connections that will be hardwired throughout the learner’s life-world; the
corollary being that if teenagers are lying on the couch watching television or
playing video games, then those are the connections that are going to survive. So,
developing thinking skills, especially with “high horsepower, low steering” ([40],
p. 6) adolescents, is one of the facilitator’s main challenges.

4 My Research Discoveries–Illustrated

From the start of my research, I understood that analysis of the transcripts of hours
of interviews with the students from the first (2006–2009) and second (2007–2010)
cohorts, with their parents and their teachers, would draw on my life’s work as a
storyteller. After all, text analysis is what I do. Further, analyzing those transcripts–
which explore student development through time–would, primarily, be a qualitative
analysis that would follow three rigorous “stages” (diagrammatically illustrated in
Fig. 2).

If one of the cornerstones of the action research is that truth is not singular, then I
argued (in defense of qualitative analysis) that research like mine should seek a less
didactic method than quantitative analysis. I sought analysis that could point
beyond truth to an in-between [27] way of thinking. Spencer et al. (2003) [53]
argued that “what is important is the methods fit the question”–not that a method
makes a superior claim to “quality” over another (pp. 47, 60). All researchers aspire
to the “holy trinity” of “validity, reliability and objectivity” ([53], p. 59), but Mol
(2002) [34] asks, can knowledge ever be certain when one is investigating the
uncertain and complex lives of students in a world where there is no closure, where
realities overlap and collide in a complex way [27]? Stake (1995) [54] also argued
that truth can only be discovered by the individual reader and that researchers and
readers alike can extrapolate concepts that will enable them to construct some kind
of meaning of the world being researched. So, my job was not to present didactic
“conclusions”–but to offer discoveries, claims, interpretations, theories in a credible
and plausible way, based on “the material from the archive” ([27], p. 129). What I
had to accept was that such discoveries I made were not the truth–merely a version
of the truth. Were not “conclusions”, merely “discoveries”.
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After extensive casework analysis, I discovered that there were some “lightbulb”
moments ([55], p. 103) amongst the interviewed students in the action research
cohort which had long term effects on the students’ life world and which could be
traced to my/their Shakespeare inspired discussions.

The case study analyses of the second cohort of students (2007–2010) revealed
two groupings:

i. one randomly selected student exhibited discernible connections between the
use of the Shakespeare stories and the student’s life-world but, on final analysis,
these connections did not last beyond a “phase” ([50], p. 142) and therefore
were not substantial changes; and

ii. for most students from the action research cohort, there was a discernible
impact from the Shakespearean stories on their personal and social develop-
ment. There was an increase in Shakespeare appreciation during this longitu-
dinal study. For each of these students, the Shakespeare stories had had an
impact in varying degrees.
Student S–who had started secondary school so quiet in class that S could hardly

be heard during home interviews: I noted,

Fig. 2 Template for case study analysis inspired by [54, 24, 30]
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it was necessary to repeat S’s answers–there was concern that the recordings might not be
audible.1

By the end of our time together, S had found S’s voice and was able to challenge
and debate with S’s form teacher. Student S’s dissection and reinterpretation of
Much Ado About Nothing was full of subconscious references to the PSD topics
explored, especially with respect to “the cause and effect” of one’s actions:

It’s like stealing. Because you’re, you’re only really going to, get into trouble yourself,
you’re only cheating on yourself really if you’re gonna steal…because what goes round
comes around, usually2

Student H–despite being a special needs student, “I can only read odd little
words”3—had felt empowered to read and write the Macbeth assessment unaided.
“I could do that (Macbeth assignment)–because the “whoosh” made you think and
that”,4 which was a positive response to a scheme of work based on developing
Socratic thinking.

And in Student K’s final home thinking exercise, in answer to the question, “did
Shakespeare’s stories make any difference to your understanding of any PSD
topics?” student K wrote,

I think the Shakespeare stories helped in our own lives because they are mostly to do with
honesty in relationships and friendships and how to sort out our differences. One main thing
realised is friends always come before a relationship, because your friends have always
been there for you whereas, boyfriend/girlfriend you will not know as well, even if you
think you do5

Throughout the three years of home interviews with K, I noted an understand-
able need for parental approbation–and fear of parental criticism was omnipresent.
Throughout 2007–2008 and 2008–2009, K struggled to balance parental control
with adolescent desire for greater autonomy yet, over time, K did start to find K’s
voice and find ways to negotiate with K’s gatekeepers [my parentheses are mine]:

…well I had a special friend, er, that they…I, I, I spoke to them (K’s parents), and that was
about two weeks ago, and I actually asked my mum first, I said, “can I go out with so and
so”, er, and my mum said, “Seeing as you’ve asked this time, I’ll speak to your father about
it”. So, she spoke to my dad, and they both said, “Yes”!6

In the summary of K’s case study, I noted that a more appropriate research
question could have been: “could this integrated methodology help the students find
their own voice and help them to become their own person?”.

Student J started the first year at secondary school very lively–J was sport mad,
particularly cricket. But J was very immature regarding J’s “thought process or
problem-solving procedures” ([49], p. 102). However, by the end of our three years

1 Lighthill B., Research Diary, 2007.
2 Lighthill B., Home Interview, December 2010.
3 Lighthill B., Home Interview, December 2007.
4 Lighthill B., Final interview, June 2010.
5 Lighthill B., April 2010.
6 Lighthill B., Home Interview, April 2009.
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together, J was able to respond more clearly to various real-life conundrums dis-
cussed in the home interviews. After the “whoosh” of Macbeth, in answer to the
question, “how relevant was the Macbeth story to your life?”, J offered a sponta-
neous updated version of the Macbeth story set in a cricket changing room. J’s
interpretation eloquently synthesized two parts of J’s life–cricket and the
PSD/Shakespeare sessions in school. In this home interview, J and I had been
discussing the idea of Macbeth “aiming high:”

…it’s like, in cricket, if you want to be the captain of your national team but there was
somebody who already was captain, then erm, you wouldn’t like say bad things in the
dressing rooms and get him kicked off from being captain. But you can be captain - you sort
of just take it slowly and let the selectors select you as captain in time7

All those “feedback loops” ([24], p. 26) indicated that the use of Shakespeare’s
stories as a pedagogic tool in PSD sessions had had an impact because Shakespeare
had become “relevant” to the student’s life-world. Student J noted, “I think I have
been influenced by Shakespeare’s plays and characters”.8 J was able to draw
feedback loops between rows at home, advice given by peers, and the Witches
interventions in the Macbeth story.

Is there a commonality across the case studies of the action research cohort
above, which suggests that integrated education contributed to the development of
the students’ oracy skills and “raised the status”9 of the school syllabus as is to a
deeper, more meaningful learning for life experience [21, 46]? Did combining
exploration of the issues in a Shakespearean story with the PSD topics on the
syllabus deepen student understanding of the need for both more substantial, less
superficial communal communication? I think the answer to both these two ques-
tions is “yes”.

That in order to serve the need for deep learning, an integrated approach seems
appropriate as it moves to learn away from pedagogy based on knowledge transfer
[5] and towards transformational knowledge. I think that integrated education is the
way forward–and my dream lives on.

5 Conclusion–My Research Discoveries–Revisited

If my work with Way (1967) [57] was the source of this study, then Nelson’s
(1965) [39] Socratic methods were the map of the journey towards day-to-day
philosophizing and reflective self-examination. Nelson’s challenge to learners was
that when they can admit:

7 Lighthill B., May 2010.
8 Lighthill B., A Response to Case Study March, 2011.
9 Lighthill B., Teacher A final interview, June 2010.
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to being unable to say what he (she) knows […] professes his (her) ignorance (and) face the
questions, puzzles, and problems’ that arise (Morrison, 2011 cited in [35], p. 184. my
brackets) the ‘I-now’ will be able to perceive the ‘I-before’ and have ‘a presentment of a
‘possible-I’, a ‘future-I’ ([7], p. 28).

And this act of “doubling of the self” (Ibid.)–looking in and looking out at the
same time–described my post-research journey as a “future-I” came into focus.

Over the last ten years, I have been lucky to work with unexpected people in
unexpected places. When I finished my research, I thought I would continue as a
peripatetic facilitator working with young secondary school students. And I did
continue to work in various secondary schools around the UK, working with
10–18-year-old students in the inner city, country, and public boarding schools.

But I also was invited to facilitate workshops in Art Galleries (9–11-year-olds),
in primary schools (8–11-year-olds), and at teacher training courses
(19–21-year-olds). I have organized taster-days for 15–17-year-olds at Universities
which, inspired by Shakespeare’s story of Romeo and Juliet, involved a professor
of chemistry (exploring the kind of drugs which might have been used by the Friar
to put Juliet into suspended animation), a neuroscientist (exploring the development
of the teenagers “high horsepower, low steering” brain ([40], p. 6)), and me–as a
social scientist (exploring questions around “actions having consequences” and
“gang warfare” as the Montague and Capulet families fought). And I have also
worked with the homeless (30–60-year olds) in Birmingham, the UK exploring
their life-world in parallel with Romeo and Juliet’s.

Much to my delight, my research seems to have value for students of all ages–
some who are in full-time education, and some who think life-long learning is
just…fun. But I am all too aware that an integrated timetable can engender
deep-rooted resistance from teachers. Integrated pedagogy can be perceived as a
“corrective” to the dominance of one of the subjects. However, as the head of
English in my host school said in her final interview with me10:

There was no sense of ‘reverence’ about Shakespeare’s plays…it was that Shakespeare is
relevant to your lives and to PSD–so doing it in English or PSD lessons just wasn’t an
issue.

“By combining social science studies with the literature curricula, we move
learning away from pedagogy based on knowledge transfer and towards trans-
formational knowledge”.

Brian Lighthill

10 Lighthill B., July 2010.
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Core Messages

• An integrated timetable is the glue between learning and deep educational
knowledge.

• My research points me towards integrated education being less about
knowledge transfer and more about student-discovery of transformational
knowledge.

• That integrated pedagogy is mutually beneficial for both students and
teachers who grow to “… know my students better after sitting in on your
PSD/Shakespeare classes”.11
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5The Need to Cultivate More Linking
in Learning to Promote More Effective
Thinking

Emmanuel Manalo

Learning is connecting.

Edward Thorndike [1]

Summary

Linking is a fundamental requirement of learning. It is, however, rarely
considered a key function of education, and much of formal education is
delivered using a framework of discrete subject disciplines. The result is a
general lack of connectivity in what people learn and how they view learning.
This limits their ability to synthesize different kinds and fields of knowledge,
which is necessary if they are to possess the thinking capabilities demanded of
the largely unpredictable environments we now operate in modern as well as
developing societies. In an effort to clarify this problem and contribute toward
addressing it, this chapter first explains some of the kinds of linking necessary
for the promotion of better thinking and the reasons for those. It then describes
some methods employed to promote greater reliability in such linking. It
concludes by highlighting the need for greater awareness about the importance
of promoting better linking in learning and for more research and development
of methods that can make such linking viable and sustainable.
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Graphical Abstract/Art Performance

Student Learning. The artwork shows the importance of establishing internal
and external links in learning. Celina is the author’s daughter and, at the time of
writing this chapter, she was undertaking a graphic design degree at university.

(Made by Celina Watanabe).
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1 Introduction

Ninety years ago, the famous psychologist, Edward Thorndike, wrote that “learning
is connecting” [1]. He meant that establishing connections, or linking, is necessary
for learning to occur. For example, a baby needs to “link” crying with the attention
it gets from its parents for it to learn that its action (crying) has consequences
(attention). This principle applies to everything that we know of as “learning”. To
learn a new word, we need to link it to its meaning. To learn to solve a mathe-
matical problem, we link the sequence of steps necessary to derive the required
answer. We learn because we connect symbols to meaning, experiences to internal
representations, actions to consequences, and so on. It seems fairly simple, but it is
also absolutely essential because if we fail to link, we also fail to learn. Further-
more, in the past few decades, advances in technology and brain research have
revealed that there is a biological basis to the idea that “learning is connecting”. In
very simple terms, new synapses (or connections) are formed between brain neu-
rons when new learning occurs [2–4]. This means that the idea is not just notional
or conceptual but firmly based on the physiological reality of what happens to us
when we learn.
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Since Thorndike’s comment, linking as a fundamental learning requirement has
generally been accepted without it being a specific focus of concern or attention. It
has been assumed that linking will occur naturally, and we do not need to do
anything in particular to promote it. Formal instruction is typically provided in
discrete subject disciplines (e.g., math, science, history, English, German, etc.),
with little or no attempt to establish links between each of those. As a school
student, I may use math when solving some physics problems and may even have
the same teacher for those subjects, but it would be unlikely for my teacher to
explicitly refer to the value or relevance of what I have learned in math to what I
may be learning in science–or vice versa. Generally, learning areas–or “subjects”–
are artificially compartmentalized.

This compartmentalization of subject disciplines may have been suited for a time
when schools were meant to prepare students for future work, which was spe-
cialized and more or less constant (i.e., it would not likely change in its require-
ments). You needed to learn knowledge and skills that matched your work, and
those were the same as for others doing the same line of work as you, or they
complemented the knowledge and skills of others doing different work. Work was
fairly easy to categorize, and most everyone could be educated to secure his/her
place in the structure of work in society. Unfortunately, despite the significantly
changed work, social, and personal environments we now inhabit in the twenty-first
century, education has by and large not adjusted and–among other things–the
compartmentalization of subjects continues to persist in the majority of education
systems around the world.

Andreas Schleicher, the OECD’s (Organization for Economic Cooperation and
Development) Director of Education and Skills, has emphasized the importance of
being able to make “connections between ideas that previously seemed unrelated”
[5]. He characterized this ability to synthesize different knowledge fields as
essential to the progression of knowledge and value creation in modern societies. It
facilitates imagination and creativity and develops the capacity to respond to the
constantly changing and unpredictable environments we now operate in such
societies. Schleicher rightly pointed out that today’s students need to become
prepared to effectively manage the demands of work environments that currently do
not exist, and to solve problems that we currently cannot foresee. Fifty years ago,
for example, many jobs that we now take for granted (e.g., data scientists, mobile
app developers, artificial intelligence (AI) engineers) did not exist. And at the time
of writing this chapter, we are facing an unprecedented global pandemic that has
quickly been changing every facet of daily life–from the way we work and socialize
to the way we dress (e.g., wearing face masks!) and provide education (e.g., “social
distancing” physical arrangements in classrooms; online instead of face-to-face
delivery of course lectures in many universities). These kinds of unforeseen
changes require not a simple ability to draw from well-learned responses but to link
and synthesize various strands of knowledge, skills, experiences, and new inputs to
generate new ways of responding that can produce the most optimal outcomes
given the new circumstances that are faced.
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2 What Kinds of Linking Are Necessary–And Why?

This section provides a way of considering some kinds of linking necessary for
promoting better thinking. The kinds given here are by no means exhaustive–
doubtless, there would be others–but these provide a useful initial framework for
considering this need. A simple diagrammatic representation is included with each
kind of linking to visually clarify the nature of the linking being considered. The red
circles with bolded outlines represent the learning in question, and the
thicker/bolded lines represent the pertinent linking that needs to be made.

2.1 Linking to Develop Learning (Understanding)

The connection between the object of learning and its meaning would seem fun-
damental: it is hard and seemingly pointless to learn something we do not really
understand, let alone think about it in any useful way. Yet learning without really
understanding is a phenomenon that appears to be deeply integrated in the formal
education systems of modern societies. Many students want to just find out what the
expected or “correct” answer might be without necessarily understanding it so they
can simply reproduce it in tests or other assessments, and ultimately get the credit
and/or qualification that their education is supposed to provide them. From that
perspective, the linking is fairly simple: it is just between the “stimulus” (e.g., the
question, the kind of problem, the terminology) and the “required response” (e.g.,
the answer, the solution, the definition). For example, if I get asked about “pho-
tosynthesis”, I must be able to answer that it is “the process by which plants use
sunlight, water, and carbon dioxide to produce their own food and oxygen”–or
whatever definition my teacher or textbook has given me. However, I may not even
know what that definition really means, let alone how that process works–or why it
matters to me. This kind of learning is shallow, and the likely ability to think about
and use what has been “learned” would be fairly limited. It would be similar to
Marton and Säljö’s description of “surface-level processing”, where students were
focusing attention only on the sign (i.e., in their study, the given text itself) for the
sake of later being able to reproduce it in some way [6]. The meaning–“what is
signified”–is not considered. And as a consequence, the students were not even able
to satisfactorily explain what was important in the text that they had “learned”.

More substantial linking is necessary to adequately develop learning so that
understanding is achieved beyond just the stimulus–response connection. At the
very least, the new thing being learned needs to be linked to its meaning. That
“meaning” can range from the basic (e.g., a simple definition or description of what
it might be) to the more comprehensive (e.g., with elaborations, qualifications, and
variations in those definitions and descriptions; associated mechanisms and/or
processes that inform on how it works; the underlying and pertinent reasons)–
depending on the number, kind, and quality of links that are made. More sophis-
ticated and comprehensive links would lead to better-developed learning and un-
derstanding–and consequently, the ability to think.
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Keeping to the example of learning about photosynthesis: initially, I may only
have my teacher’s and my textbook’s definitions and explanations. Although I may
feel that I understand what it means to some extent, I would nevertheless be fairly
limited in what I can think about it. However, as I find out more (e.g., through
reading, conducting an experiment that my teacher asks us to do, talking/asking
questions about it, watching YouTube videos, etc.), I would, in effect, be adding
more links to my concept of photosynthesis and building my knowledge about it.
I might then be able to think more about it. For instance, instead of just “knowing
about” photosynthesis, I might now also be able to contemplate how plants and
trees are directly relevant to me as a human being and why deforestation is
extremely bad for everyone on this planet.

One way we can usefully consider linking for developing learning is as building
of foundational knowledge for thinking. It is additive and cumulative: we create
more links as we find out more (Fig. 1). Obviously, in the absence of adequate
information or knowledge, what I think–and hence the decisions I make and the
actions I take–may be compromised. This is why education systems that are heavily
test-oriented are problematic: they effectively undermine the development of stu-
dents’ abilities to think [7]. Because tests only require a limited amount of infor-
mation to be learned for use in a very limited amount of time, by encouraging
students to learn for the sake of tests (and other similar assessments), they instill a
view that learning any more than what is required is simply optional and may not
even be strategically beneficial. But learning should be for life rather than just to
pass tests. Educators should be cultivating curiosity and a thirst for knowledge.

Fig. 1 Linking to develop learning (Understanding)
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2.2 Linking to Combine Learning (Integration)

Beyond just developing our knowledge about individual units or items of what we
learn, it is also important that we establish links between those units or items so that
they make sense together where possible. In other words, we need to combine or
integrate what we learn. Earlier, we referred to the problem of school subjects or
learning areas being compartmentalized and how the necessary links are not
developed, but this compartmentalization of learning extends beyond subjects and
learning areas. For example, learning also tends to get compartmentalized according
to locations or contexts. Hence, many students do not see important links between
what they learn at school and what happens in their life outside of school [8, 9].
Likewise, many fail to see any connections at all between much of what they learn
at home and in various social contexts, or the hobbies and interests that they spend
their free time on and what they learn at school. And their teachers may provide
little or no encouragement or guidance for such crucial integration (and to be fair,
they probably received little or no training on how to provide such encouragement
or guidance).

Linking to integrate different facets of what we learn is important at the micro
and macro levels. At the micro level, we need to integrate different views,
descriptions, explanations, and other facets of what we learn. For example, we
might link different interpretations of a novel or play we are studying or the
explanations of a concept like “free will” or “memory” from different theoretical
perspectives. Such links may be obvious–albeit tedious if we are not interested in
what we are supposed to be learning–as the links we need to make are about the
same aspects (i.e., interpretations, explanations) of the same thing (i.e., novel or
play, concept). However, sometimes what needs to be linked is not so obvious; for
instance, what we might read about “racial discrimination and equality” in our
textbook and on the internet, what we might see in the news about it, and what
people that we know might say about it. As in this example, the components that
should be linked may be separated not only in location but also in time (i.e., not
happening or available to us around the same place and/or time). At the more macro
level, the links may be even less obvious as they may lie on more abstract levels or
different dimensions. For example, we may need to link what we know about the
mechanisms of the human heart and our personal experiences of engaging in
strenuous physical activities or establish connections between stress-induced psy-
chological conditions we learn about in a university course and the actions taken by
a protagonist in a novel we read for pleasure. By integrating these different strands
of our learning, we are able to see a more complete and accurate version of the
pertinent big picture.

Linking to integrate learning is important for thinking purposes because the big
picture it creates for us is more informative than isolated units or items of learning.
An integrated view can provide alternative perspectives and arguments and enable us
to apprehend similarities, differences, and relationships, enriching our understand-
ing. This kind of linking can therefore be considered a logical next step to “linking to
develop learning (understanding)”, described in the previous subsection. The
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difference is in the focus and purpose of linking. In linking to develop learning, the
focus is on the single units or items we need to learn to understand those. For
example, I find out a new word, concept, or idea and link various kinds of infor-
mation to it (e.g., definitions, explanations, descriptions, examples) to understand
what it is and what it means. In contrast, in “linking to combine learning (integra-
tion)”, the linking is of those units/items I have understood so that I can construct a
more comprehensive bigger picture that meaningfully connects them (Fig. 2). The
bigger picture that integration of learning provides makes it easier to find meaning
and value in what we learn. Such apprehension of meaning and value is crucial for
motivation and self-regulation [10]. The multiple perspectives that integration brings
together are also essential to critical thinking and avoiding bias [11].

2.3 Linking to Organize Learning (Schematizing)

One very important function that linking enables is the organization and reorga-
nization of what has been learned. This kind of linking can be considered as a
special case of “linking to combine learning (integration)”, described in the pre-
ceding subsection, but we create a separate category for it here as there are
important differences in the processes involved and the functions it serves. When
we “integrate” learning, we combine different learning units to create a more
comprehensive big picture. All components of each unit of learning included in the
linking contribute to creating that big picture. In other words, it is a composite view
that provides a variety of information from multiple sources and perspectives. In
contrast, when we “schematize”, although there is a combining process involved,
there is also selection and reorganization. Not all components of the units of

Fig. 2 Linking to combine learning (Integration)
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learning that contribute to a schema are retained, only those necessary to the pur-
pose of the new organizational structure. More importantly, that new organizational
structure, that is, the new schema that has been created, constitutes a new unit of
learning in itself (Fig. 3). It provides a new way of understanding or perceiving
something or a new guide to thinking or behaving, exactly as schemas are meant to
do [12, 13].

Take, for example, the construction of a schema for solving math word prob-
lems. There are many units of learning we need to draw from and link together to
construct such a schema (e.g., what we know of arithmetic procedures, examples of
problem-solving that our teacher might have demonstrated in class, the use of
heuristics like drawing diagrams or trying out known formulas, etc.). However,
even though we might integrate those in constructing our schema, we only select
and incorporate relevant components in that new schema. Hence, the schema may
comprise a sequence of steps to take for solving such problems (e.g., reading
carefully to understand the terms of the problem, identifying the kind of information
required for the answer, determining what pertinent information is already provided
in the problem description, re-representing pertinent information in a diagram that
matches the requirements of the problem, etc.). Such a schema is a guide to
behavior and helps us avoid a disorganized approach to solving the problem (e.g.,
relying solely on trial-and-error, reading and re-reading the problem in the hope of a
clue materializing, etc.). It is derived from combining previous learning units but
retains only those elements that are essential for its particular purpose. It is also
organized in a new way and hence, a new learning unit, rather than just a composite
or a big picture.

Schema creation that results from organizing and reorganizing learning is
important for the efficiency and viability of more complex thinking. Schemas
enable automatization of procedures (e.g., we no longer have to think from scratch

Fig. 3 Linking to organize learning (Schematizing)
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about what to do each time we have to solve a math word problem) and reduce
cognitive load (e.g., the problem to solve or issue to deal with becomes more
mentally manageable). Also, schema construction and the resulting reduction in
cognitive load lead to a freeing up of resources in working memory [14]; hence, we
have more mental resources we can deploy to the thinking tasks we need to engage
with.

2.4 Linking to Distill Learning (Abstraction)

Linking to distill learning can also be considered a special case of “linking to
combine learning (integration)”. However, its process and the functions it serves are
different, so it warrants a category of its own here. Abstraction can follow inte-
gration; once the big picture is realized through linking pertinent learning, the
overarching meaning or meta-understanding can be distilled (i.e., the conceptual
interpretation or symbolic representation of the composite big picture can be
apprehended; Fig. 4). Hence, the linking here is to a higher-level summarization or
representation of what there is: it captures the important essence of the learning.
This abstraction of meaning is more than just a general overview gained if we
simply combine and integrate what we have learned.

An example would be reading a novel (e.g., Mary Shelley’s Frankenstein or
Anna Burns’ Milkman) [15, 16]. Combining all that we find out in the novel about
its characters and the events that occur would provide us an integrated big picture of
the novel (e.g., the novel is about …; in the novel, x and y happen because …; etc.),
but distilling what we think the novel’s meaning or main message might be (e.g.,
people need to have a sense of acceptance and belongingness; people need to find

Fig. 4 Linking to distill learning (Abstraction)
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ways of coping with difficulties that present when politics intrude on their lives)
would provide us with a conceptual interpretation that is the abstraction of what we
have learned. Abstraction is important to thinking as it enables us to apprehend the
deeper meaning or main thrust of our learning. It provides an answer to what the
main point is.

2.5 Linking to Extend Learning (Inference)

Linking to extend learning and draw inferences could be confused with “linking to
distill learning (abstraction)” as they are both creating a link to something new
based on what has been learned. However, while abstraction or drawing out a
meta-understanding of what has been learned is firmly based on the contents of
learning, inference goes beyond that. When we draw inferences, we extend what we
learn to more than the information or data available [17]. For example, from reading
various reports and case descriptions of student performance during the coronavirus
(COVID-19) pandemic, I might infer that isolation is causing low motivation for
learning in many undergraduate students. None of the reports or cases I read may
explicitly state or indicate that, but I may draw links between low rates of
coursework submission in courses that have been taught asynchronously and poorer
performance (compared to previous semesters) from out-of-town students living on
their own. The inference I draw (which, of course, may or may not be correct) is not
just integration or conceptual interpretation of the information I have available: I
actually make a deduction that constitutes “new learning”. In effect, I extend my
learning to more than the building blocks I started with (Fig. 5). Of course, before
I can draw inferences, I need to integrate what I have learned and completely
understand what it means. It is based on such understanding that I can extend my
learning.

Linking to extend learning is important for more advanced thinking. Making
inferences is at the core of the ability to draw conclusions from what has been
learned. It also likely underpins sudden insight (i.e., the “aha!” moments) and
creativity [18].

2.6 Linking to Export Learning (Transfer)

In very simple terms, transfer of learning refers to applying what has been learned
(information, strategy, skill) to a new situation or context (Fig. 6). For example, if
I learn about fractions in school and use that learning at home to determine how
much of an ingredient I should use in my cooking just for myself instead of a family
of four, that would constitute transfer. The ability to transfer is very important as it
is the key indicator that deeper learning (i.e., profound understanding of knowl-
edge) has occurred [19, 20].

A distinction can be made between low- and high-road transfer [21]. In low-road
transfer, learning is applied to a new situation/context highly similar to the original
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learning situation/context. The learning has also been well-practiced, increasing the
salience of its availability and the level of automaticity of its execution. Thus, the
transfer of learning would involve a lower level of effort, and we would normally
expect it to occur if learning was sufficiently successful. For example, if I learn
strategies for solving math word problems during my regular math class and use
those strategies in solving new problems I encounter in an entrance examination,
that would be a case of low-road transfer. The strategies I have learned have been
well-practiced, and I am quite familiar with what to do (i.e., I can execute the steps

Fig. 5 Linking to extend learning (Inference)

Fig. 6 Linking to export learning (Transfer)
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with some degree of automaticity). Furthermore, the problems I encounter in the
exam–even though different in their cover story and numerical values–would be
very similar in structure to the ones I have encountered in my regular math class.

In contrast, high-road transfer involves mindful abstraction of the elements that
need to be transferred. The stimulus and situation/context bear lower levels of
similarity to those during the original learning. In other words, in high-road transfer,
I need to abstract important principles from what I have learned to apply those to
new situations/contexts that may not be easy to recognize as similar. For example, I
may have learned during my math class in school that constructing diagrams helps
solve math word problems because the visual representation makes clear the con-
nections between elements of the problem that need to be considered together.
Some years later, at work, my boss assigns me the task of preparing an explanation
of a complicated office procedure for staff, and I construct diagrams to supplement
the explanation provided in text that I write. This would be a case of high-road
transfer. Both the situations/contexts (school vs. work) and the task/stimulus are
different (math problem solving vs. constructing an explanation). But in considering
what I could do to make the procedures easier for other staff to understand, I draw
from my experiences in school and abstract what I learned about the properties of
diagrams (i.e., they can clarify relationships and flow in complicated information).
Hence, I transfer what I have previously learned to this new situation. Linking to
export learning, or transfer, is at the heart of making learning useful. It is therefore
imperative that we consider effective ways of promoting it in student thinking
processes.

3 How Can We Promote More Reliable Linking
in Learning?

The problem of disconnection in learning described in this chapter has not gone
unnoticed in the field of education, and there already exists a number of instruc-
tional approaches that have been proposed for overcoming various aspects and
manifestations of this problem. In this section, we will outline some of those
approaches, as well as some other teaching methods/strategies that appear
promising in facilitating linking in learning.

3.1 Linking Subject Disciplines

The most salient manifestation of the disconnection-in-learning problem is the
compartmentalization of subject disciplines. As noted earlier, in most regular
classrooms worldwide, academic subjects are treated separately, and there is very
limited effort to link learning between those subjects. It is therefore not surprising
that movements for interdisciplinarity have gained recognition and, to some extent,
acceptance. In simple terms, interdisciplinarity combines and integrates two or
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more subject disciplines into one activity to facilitate a more comprehensive un-
derstanding [22–24]. It is often compared and contrasted with multidisciplinarity,
which is the study of a topic or issue from several disciplines simultaneously to gain
multiple perspectives but without as much emphasis on disciplinary integration
[24]. It is outside the scope of this chapter to consider the similarities and differ-
ences between these or other alternative terms used to describe this approach (e.g.,
transdisciplinarity, indisciplinarity) [25]. For the sake of simplicity, we will use
interdisciplinarity here to describe this effort to overcome the constraints of learning
within the boundaries of traditional subject disciplines.

When using the interdisciplinary approach to instruction, students are taught
using themes, issues, or problems that are approached from a combination of
subject disciplines (e.g., understanding and finding a solution to the pollution of
waterways in a particular city might be approached from the perspectives of biol-
ogy, chemistry, geography, health science, history, etc.). There are many different
types and levels of interdisciplinary instruction [26, 27], but the important point is
that students focus on understanding the issues, problems, or phenomena from
multiple perspectives like they would in real life. Well-known approaches in in-
terdisciplinary instruction include project-based learning (PBL) [28, 29] and
phenomenon-based learning (PhenoBL) [30, 31]. In PBL, students work in teams
for an extended time on a project to address real-world issues, problems, or chal-
lenges that have some relevance to them (e.g., understanding viral infections and
pandemics and how we can deal with such problems on a day-to-day basis). They
utilize various sources in their investigation, including interviews and consultations
with experts in the field, and collect primary and secondary data to answer pertinent
questions. PhenoBL (also known as “phenomenal education”) is a similar approach
that has been developed in Finland. In PhenoBL, both teaching and learning are
focused on real-world phenomena (e.g., humans, energy, water, the European
Union): these are studied holistically (i.e., across the boundaries of traditional
school subjects) across different learning environments (e.g., regular classroom,
laboratory, fieldwork, e-learning environments).

Interdisciplinary instruction promotes interdisciplinary thinking, which has been
described as a complex cognitive skill that includes the ability to view issues from
multiple perspectives and create crucial, meaningful connections across disciplines
[32]. Interdisciplinarity is also considered effective for cultivating flexibility, crit-
icality, and creativity in thinking, as well as communicative competencies [23].

3.2 Linking Locations and Purposes of Learning

There are also initiatives that focus particularly on strengthening the links between
what students learn in different locations (e.g., school, home, the wider community)
and learning for what may seem like different purposes (e.g., learning in school and
for work). An example of the first kind is the “school, family, and community
partnerships” program developed by Joyce Epstein [33, 34]. In this program, the
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main aim is for schools to better connect with families and relevant communities in
reciprocal relationships to benefit not only the students but also parents, teachers,
and others in those communities. While the program has broader goals that include
learning itself (e.g., parental and community engagement in matters like
decision-making and management of school-related activities), the linking of what
students learn in school to the contexts in which they live, work, and play is crucial.
For example, interactive homework can be designed and implemented so that there
are regular opportunities for students to discuss what they are learning with their
parents, and parents take greater responsibility in ensuring their children are pro-
vided support for the successful completion of homework and other learning tasks.
Family math, science, and reading activities at school are organized so that teachers
can discuss strategies with parents to continue and hence link what students are
learning in their school subjects with everyday activities at home. For younger
children, for instance, opportunities for counting items at home (and hence link
what they learned in math at school) and playing games that require reading and
word skills (e.g., Scrabble) are considered invaluable. For older children, helping
with matters like weekly or monthly budgeting or building and fixing things around
the home can likewise present useful opportunities for applying what they have
learned at school in authentic, real-life tasks and challenges. Students can also be
provided opportunities to engage with various community-based projects that
require the use of what they have learned at school, such as recycling programs,
community art projects, music, drama, and activities to support elderly community
members. Through such involvement, the program promotes a greater sense of
meaning and value for what students are learning at school: bi-directional links are
established with what they do in real life outside of school (i.e., not only is school
learning relevant to home and community but also home and community learning is
relevant to school).

Initiatives for “linking learning and work” [35] aim to address the need to better
link what students learn at school or university and what they have to do at work.
Such initiatives encourage teachers/educators to consider how the classroom in-
struction they provide can cultivate not only discipline/content knowledge and
skills but also the employability of their students. They can do this, for example, by
incorporating the development of skills considered as essential or ideal in work
contexts (e.g., creativity, complex problem-solving, communicative competencies,
critical thinking, leadership) in what and how they teach their students. Teachers/
educators can also collaborate with career guidance professionals in ensuring that
work relevance is addressed in courses they teach and in developing possible links
with potential employers and industry so that students gain first-hand experience of
the work relevance of what they are learning (e.g., guest talks or visits). Linking
academic and work relevance of what is being learned should help students better
appreciate the meaning and value of that learning, think more flexibly, develop a
tolerance for ambiguity, create work opportunities, and adapt to their environments.
All of these matter when dealing with the uncertainties of the future, including the
constantly changing nature of work.
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3.3 Questioning and Verbal Linking

Questioning is a particularly powerful way to link and build knowledge and facilitate
engagement in various aspects of thinking. Questioning can be used on its own as an
instructional strategy [36–38], but it can also be used as an integral part of other
teaching and learning methods, such as dialogic learning [39–42]. The process of
generating questions and seeking answers to questions that have been asked
necessitates the linking of information and thought processes. For instance, if a
friend tells me about a new computer application she is now using, I learn something
new: the existence of that application and perhaps its name. If I ask, “What does it
enable you to do?” then I would be building a new link from just the existence of that
application to its function, which would be elaborated on if my friend explains that to
me. The information she provides could pique my interest, and I might then ask more
questions (e.g., Is it free? Where can you get it? How easy is it to use? Does it work
with [name of other application]?) in the process creating more links to what I now
know about that application. As may be obvious from this simple example, ques-
tioning plays an extremely important role in our learning and thinking development.
Through it, we can develop our understanding and our interest, engagement and
enthusiasm about something, and identify gaps in what we know, alerting us to what
more we need to know. Formulating a question in itself is helpful toward developing
critical thought, metacognition, autonomy, and decision-making [38]. However,
despite all this potential, questioning as a learning and teaching tool is very much
underutilized in most education systems [37]. Students lack spontaneity in asking
questions, even in situations when they should. Many are also poor at generating
appropriate questions for addressing gaps in their knowledge. Without appropriate
and adequate training, many teachers also lack skills in asking appropriate questions
[43, 44], which may explain the reluctance that many of them have to use ques-
tioning as part of their regular teaching strategy.

Dialogic learning means learning through dialogue, while dialogic teaching
means teaching through dialogue, including quality dialogue [40]. Ideally, in dia-
logic learning, the dialogue between participants is egalitarian, meaning that there is
no hierarchy, and they can contribute to the dialogue equally. For this reason,
dialogic learning is usually contrasted with monologic learning. In the latter, the
learner aims to find out the “correct” knowledge or information from the other
participant (usually the teacher), and there is little or no room for debate about the
“correctness” of the knowledge or information conveyed. In monologic learning,
which is the form that most regular classrooms take, the learner is not an active
participant in the construction of knowledge: he/she is only a receiver of knowledge
that is more-or-less fixed. This is the key difference because, in dialogic learning,
the learner is an active contributor to constructing knowledge through the dialogue
he/she engages in. This dialogue can take the form of interactions with teachers and
other students (or other people) in one-to-one or group situations [42].

As noted earlier, questioning is central to dialogic learning, particularly because
knowledge is viewed as continually being constructed and developed as the dia-
logue takes place. As we apprehend answers to questions asked, knowledge is

88 E. Manalo



created. Questions inevitably arise in the context of dialogue, with the provision of
answers leading to more questions being asked. The knowledge, therefore, evolves
as those new questions are asked.

In dialogic learning, knowledge is never fixed or final: the questioning and
answering process continually creates new linking for knowledge building. This
feature of the dialogic approach promotes flexible and adaptive thinking, creativity,
and innovation. Furthermore, the participant’s responsibilities in sharing/answering
and finding out/questioning during the dialogue facilitate the development of
learning skills [19].

3.4 Visual Linking

Apart from verbal linking of learning, another potentially powerful way to link
learning is through visual representations, also known as diagrams. In this section,
we will use the term diagrams to refer to the broad category of visual represen-
tations, which includes sketches, drawings, illustrations, tables and other arrays,
charts, and graphs. We also count the portrayal of three or more words/phrases that
are connected by lines or arrows–in effect creating a flow or organizational chart–as
instances of diagrams.

By their very nature, diagrams establish links between pertinent elements of
what is being learned or between pieces of information pertinent to the matter under
consideration. It is for this reason that Larkin and Simon considered diagrammatic
representation as more efficient than sentential representations [45]. They explained
that diagrams group all pertinent information that needs to be used together in tasks
such as problem-solving. That grouping clarifies connections and relationships,
supporting people’s ability to draw the necessary inferences from the information
provided. For instance, in layout diagrams (e.g., diagrams that show the layout of
buildings, people, furniture, equipment, etc. in a given area), the proximity of
pertinent ‘items’ can more easily be apprehended, making it easier to consider or
calculate matters like movement or travel time, directions, and various other space
issues. In communication, diagrams make it easier to ‘see’ and understand the
message being conveyed verbally (via text or speech). Diagrams link pertinent
elements of the message to be conveyed, making them easier to apprehend. For
example, flow charts can make the correct sequence of procedures easier to follow.
Illustrations and sketches, on the other hand, can make it easier to perceive the
connections between elements being described and what the composite or inte-
grated ‘big picture‘ might look like.

When students construct their own diagrams, the process of diagram construc-
tion necessitates–among other things–determination and representation of the links
that exist between crucial elements of the information provided (or the issue under
consideration). To construct those links, students need first to understand the
meaning and significance of those elements. Once the diagram has been con-
structed, the elements and their connections become more evident, thus enabling
many inferences to be made [46].
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There is considerable research evidence showing that the generation and use of
self-constructed diagrams in tasks like learning, problem-solving, communication,
and critical thinking lead to better performance [47–54]. However, students do not
reliably construct and use appropriate diagrams, and the majority lack spontaneity
in using diagrams [55–57]. It is also unfortunate that instruction in graphicacy,
especially to cultivate student competencies in constructing and using diagrams, is
rarely provided in the current school education systems.

3.5 Linking People

A lot has been written about collaborative learning in the education research lit-
erature, including how it promotes various thinking skills [58, 59]. In this sub-
section, therefore, we will outline some of the important ways it promotes the
linking of learning and how such linking can, in turn, promote various thinking
competencies.

Like the saying that “two heads are better than one”, collaborative learning
essentially presents opportunities for two or more people to combine knowledge,
skills, and wisdom they possess so that the combination amounts to more than what
each person would possess if the collaborative learning did not occur. The linking
of learning occurs at multiple levels, the most obvious of which is at the infor-
mation sharing level. For instance, if I am working collaboratively on a learning
task with another person, he/she could share some information relevant to the task
which I might not previously know. Thus, I create a new link to combine my
previous and new learning. At another level, though, the collaboration process
facilitates the construction of new learning links: my collaborator and I learn new
things due to how we interact and work together. This learning goes beyond the
combination and/or synthesis of what we know and share with each other. It
includes drawing inferences based on our experiences of collaboration. For
example, suppose during collaboration, I struggle a bit with explaining something
(e.g., my collaborator cannot understand what I am trying to explain). In that case, I
might employ another strategy, such as drawing a diagram to supplement my verbal
explanation, and this may prove successful. Thus, based on that collaboration
experience, I might extend my learning by drawing the inference that visual aids
can be helpful in the explanation process. This is not based on information my
collaborator shares with me; instead, it arises from the process of experiencing
collaboration itself. This kind of learning that collaboration promotes can also
include more subtle forms, such as apprehending nonverbal forms of behavior that
indicate various cognitive states of my collaborator (e.g., comprehending, misun-
derstanding, metal tiredness, etc.). These constitute inferential learning that can later
be transferred (e.g., used in other collaborative learning situations or other inter-
actions with other people).

Collaborative learning also facilitates the linking of learning that leads to more
critical thinking. The collaboration process necessitates understanding of other
people’s perspectives, even in cases where we disagree. It also provides a checking
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mechanism so that our own perspectives can be scrutinized by others, which can
help us expand (develop more linking) and improve those perspectives by utilizing
the feedback, critical comments, and alternative ideas we receive.

4 Conclusion

The approaches and methods/strategies we considered here for promoting more
reliable linking of learning are by no means exhaustive; no doubt, numerous others
can be used. In fact, because most of these approaches and methods/strategies were
not developed specifically for the purpose of promoting linking in learning, they
require more work to serve that purpose better. For example, interdisciplinarity
promotes the acquisition of knowledge about and awareness of multiple perspec-
tives in understanding issues, problems, and phenomena. However, the idea of also
being able to synthesize those perspectives–let alone abstract, draw appropriate
inferences, and transfer the combined learning–does not always follow. Thus,
further research is sorely needed in this area, particularly in developing these and
other new approaches for the specific purpose of better linking learning.

There is also a related, serious need to ensure that teachers and education
stakeholders are aware of the need for better and more reliable linking of learning in
our education systems. To match this, we need to ensure teachers receive the
training and/or professional development that would enable them to facilitate such
linking in their students effectively. As noted earlier, for example, questioning is a
powerful tool for promoting the linking of learning, but some findings show
teachers themselves are not always able to ask the kinds of questions necessary for
different learning purposes [37, 43, 44].

If we want to equip learners with the capability of connecting ideas that pre-
viously seemed unrelated, and hence to meet the creativity, flexibility, criticality,
responsibility, and innovativeness in thinking that the environments of the current
century demand, we need to ensure that linking of learning is recognized and
implemented as a fundamental objective of education.

Core Messages

• Linking is necessary for learning, so we need to take concrete, deliberate
measures to ensure that happens.

• We must find ways to overcome the disconnection in learning that is
currently prevalent in formal education systems.

• Linking we need to promote include understanding, integration, schema-
tization, abstraction, inference, and transfer.

• Successful linking of learning leads to better thinking capabilities.
• We need to improve instructional methods and implementation strategies

to more effectively promote linking of learning.
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The mind is not a vessel to be filled, but a fire to be kindled.

Plutarco

Summary

In this Chapter, we will try to draw a profile on the knowledge society and then
describe the current trend that considers knowledge as deriving from an increase
in reality and its continuous and mediated re-elaboration. Nowadays, the new
generations are more open to global knowledge and to a greater confrontation
with foreign cultures. It is, therefore, required to develop ideas and life plans
inherent to the relationship between the family, school, and society. It is with the
awareness of one’s place in this world that human knowledge can be improved
as a fundamental requirement for the challenges that the future presents to
today’s man. Global knowledge is increasingly the result of the common need
for different means of expression, which, through human use, put the world in
communication. This expressiveness is characterized by the use of a new literacy
of languages that creates and communicates knowledge in an increasingly
“expanded” way to the different human realities in the world.
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QR code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction: On the Shoulders of Giants: Paradigm
of the “New Knowledge”

As Bernard of Chartres argued, around 1159 in John of Salisbury’s Metalogicon,

we are like dwarves on the shoulders of giants

that is, today we are in a position to be able to see more things than those who
preceded us, and we can refine our gaze even more and to take us far away (to go
towards new knowledge), certainly not for the acumen of our sight or for the height
of our body, but because we are lifted and carried high by the stature of giants,1 thus
highlighting, with debated positions, our debt towards the ancients.

So, the idea of culture is defined as a continuous fabrication (construction) of
men, in which modern thinkers, considered “small” compared to the founding
fathers of the knowledge of the past, can overcome them and progress thanks to
previous acquisitions. Therefore, we, men and women of the twenty-first century,
see the horizons of knowledge technologies not as a frame but as a tool to perceive

1 Giovanni di Salisbury, Metalogicon, Libro III, Capitolo 4.
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and reach them. The things of knowledge, the paths of knowledge are many, and
the “new technologies” facilitate our step, help us to work together, bring us closer
to the future.

Our daily functions, such as learning to collaborate and to know, are often
enabled, mediated, and interpolated by the technologies of the network whose
extraordinary impact we verify every day. On the way to this new knowledge, the
moment seems ripe to look into the distance, hypothesize scenarios, draw inspi-
ration and conclusions ([1], p. 9). The main idea of this intervention is the desire to
verify the possibility, in the experimentation anyway, of putting technologies to
graft knowledge

in favor of a socio-technical and socio-cultural system, of the network that increases man in
the exercise of vital functions such as research, knowledge and collaboration [ibid].

Through new media, users can collaborate and learn by sharing thoughts,
information, and creations in the virtual space. An increase in the human potential
of individual intelligence into collective intelligence is generated in digital
memories.

The communicative interaction allows the accumulation in the databases of a
new form of original knowledge that is not only quantitative but qualitative due to
the often random unpublished connection produced by the network beyond indi-
vidual intentions [2].

Reflecting on knowledge and its novelties or new ways of constructing it, as
reported by Pattenati and Sorrentino in Orizzonti di conoscenza. Strumenti digitali,
metodi e prospettive per l’uomo del terzo millennio, we can see on the horizon of
our time, a new knowledge, which takes its particular shape on the trail of a world
in constant transformation, crossed by technologies, enveloped by networks.

Man in his multiple dimensions (when he works, when he learns, when he tries)
is immersed every day in a multi-faceted reality at kaleidoscopic of times, with
shapes that change moment by moment. For this purpose, it is appropriate to be able
to express some reflections and decline some themes such as [1]:

• human scenarios of the third millennium;
• digital tools and skills useful for learning; and
• collaboration and knowledge acquisition

The goal is to scan the horizon to understand a future that comes quickly and
surprisingly. As has been reported by many, an enhanced human is outlined, a man
who enhances his actions with flexible and targeted digital tools and strengthens his
mind because he is the master of the highly creative scenarios that technological
horizons suggest.2

2 ibid, preface by Dino Giuli University of Florence, p. 10.
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1.1 The Scenarios

Possible scenarios for the future play a role even more than before that gives them
great charm and, at the same time, great uncertainty. In fact, these forecasts are
increasingly measured today with the great epochal changes which, differently from
what happened up to about 50 years ago, in just a few years have made the world
take unpredictable paths, producing radical transformations in terms of depth,
extension, speed, and pervasive capacity. With reference, for example, to the mass
media, which have a great influence on this discussion,

the speed of change in the world of mass media has reached incredibly high and hitherto
unknown peaks” ([3], p. 382). Another statement by Manuel Castells has now become
famous and compares today’s speed with the previous pace of change: “In the United
States, the radio took thirty years to reach sixty million people, television has reached this
level of spread over fifteen years; the internet has done so in just three years since the birth
of the world wide web ([3], p. 382).

The speed of change is affecting our lives involving different sectors, from the
economy (today we buy more and more through online sites, therefore fewer
physical stores in which to shop) to the study (online lessons), to the different
sectors of work, … to architecture. The relationship between people is increasingly
virtual as a result of such change [4] (Fig. 1).

Therefore the concept of knowledge can be taken as a mark of the great changes
unfolding in the contemporary world. As a basis for exploring the declared content,
it is good to start from what is called the knowledge society. The terminology used
to define the characteristics, or at least the horizon, towards which contemporary
society is moving has a series of broad implications that affect different areas of our
life, especially in terms of the dimension linked to education and training. The
passage of the phase for the relevance of the educational dimension in the life of
individuals and of society is indisputable. The current society is defined by many as
a knowledge or learning society, often even preferring the Anglo-Saxon toponym
learning society, which more immediately returns the iterative, continuous and
repetitive image of learning in the current configuration of society. In fact, lifelong
learning and, therefore, the development of the knowledge society or learning, if
you prefer, are concepts inevitably linked to each other. These definitions indicate
the prevalence of descriptive and metaphorical use of different concepts with the
same meaning. However, it must be emphasized that our ability to produce and use
data without more references in space and beyond local limits, therefore globally,
does not develop or does not necessarily lead to the creation of knowledge. In fact,
contemporary media, even in their access to “new media,” provide an enormous
amount of information, but the same alone do not create knowledge: to create
knowledge, a conscious reflection is required that attributes meaning and under-
standing to information. This collective intelligence, collaborative and cooperative
capacity, does not represent a closed universe of a dominant impersonal superior
knowledge but rather a connective intelligence open to the multiplication of rela-
tionships and integrations of knowledge, which is dynamically renewed with each
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new access. Beyond each codified group, connective intelligence expands with free
searches for new ways of knowledge acquisition and learning, which quickly
facilitate change and innovation in horizontal and democratic coordination between
individuals even in the absence of leadership [5].

Fig. 1 Library of Congress, Rosenwald 4, Bl. 5r (reproduced from Unknown author, Public
domain, via Wikimedia Commons, https://upload.wikimedia.org/wikipedia/commons/4/4a/Library_
of_Congress%2C_Rosenwald_4%2C_Bl._5r.jpg)
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Linked to the concept of the knowledge society, there are some paradigms that
strongly characterize the time we live in, that of complexity that emerged strongly
at the end of the 90s of the last century, that of the fractal nature of things, slightly
earlier than the previous one, deriving from a theory implemented by the French
mathematician Benoit Mandelbrot as early as 1969 and which is well applied to a
structure that remains similar to itself whatever the observed level (L. Manovich
highlights this principle as the author of new media and defines it as the principle of
modularity); that of liquid nature, a character attributed to contemporary society by
the philosopher Zygmunt Bauman for whom liquid modernity, using his own
words, is the belief.

that change is the only permanent thing and that uncertainty is the only certainty

and with this, he wants to reinforce the concept that today more than ever, the
substance of our society is elusive, not categorized according to classes or para-
digms of the past.

Last but not least and directly connected to the previous paradigms is the new
idea of space and time.

1.2 The Complexity

The complexity leads us to reflect on the fact that the problems of contemporary
society cannot be standardized, that is, with categories for which tools and methods
for finding solutions are uniquely defined; this approach was more evident only in
the middle of the last century, above all in the problems studied through the
prevailing scientific disciplines. This awareness dates back to the 1980s, when the
most appropriate spatial-gravitational paradigm for a hierarchical structuring of
space collapsed under the crisis of centralized governance. Nowadays, the new
complexity sciences no longer refer to pre-established scientific paradigms of
absolute validity.

For contemporary thinkers, it is not possible to refer to a scientific approach that
does not cooperate synergistically with others for a theory of knowledge and the
universe. Interventions, even in problem-solving, today require approaches, cer-
tainly scientific, but which intersect, overlap, often mutually exclude each other in
order to re-integrate and arrive at simulating a complex intervention or a complex
solution. Complexity is often indicated as the main feature of our living environ-
ments, every component and in particular in the aspects inherent to the territory.
Therefore.

the “management of complexity” is the fundamental problem for those involved in reading,
representation or knowledge of the city and the territory [6].

In such contexts, therefore, we need a multidimensional approach, and it is
necessary to create constructive doubts about usual methods often not supported by
convincing results to arrive at the consideration of a multidimensional vision.
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It is necessary to abandon old certainties, in the face of realities, not complicated
or difficult, but complex, to take new paths represented, for example, multiple
interactions between variables. From this approach emerges the need to evoke
interdisciplinary synergies that capture, each with its own foundations and disci-
plinary systems, the aspects of contemporary urban reality, to give them back,
represent them “ensemble” ([6], p. 101).

The theory of complexity, first of all, is not a scientific theory in the strict sense. It would be
better to speak (and indeed some authors do) of “complexity challenge” or “complexity
thought” or, better still, “complexity epistemology”. It is precisely as an epistemological
perspective, in fact, that complexity plays a crucial role in contemporary thought. This is
because complexity involves three equally relevant epistemological innovations: a new
alliance between philosophy and science, a new way of doing science, a new conception of
natural evolution ([6], p. 155).

So in the globalized world of information and communication technology (ICT),
the beliefs and values of a given culture are transmitted from one community to
another, generating a process of new integrated knowledge that overcomes the
separation of knowledge and techniques. The breaking of traditional barriers edu-
cates to a thought of complexity that feeds new theories and discoveries to respond
to the challenges of globality. The balance of the complex system of interactions
and exchanges develops through mutual self-regulatory feedback, between differ-
entiations and integrations of opposite functions in the complex organization
between man and his natural and social environment [7].

1.3 The Fractal Nature

To introduce the concept of the fractal nature of things, as previously expressed, we
refer to the theory developed by B. Mandelbrot, who uses the term fractal to explain
and illustrate the (mainly geometric) configuration of irregular structures such as the
coastlines, the outline of a tree, the constellations, the shape of clouds or that of
minerals, of natural and urban landscapes that cannot be described or simplified
through the Euclidean geometry of curves and straight lines, squares and of the
spheres. According to Mandelbrot [8], fractal geometry is the one that can best
represent the nature of reality and the chaos that regulates itself in it (in a word, it
can, rightly, represent complexity); it is used to represent and also to create figures
in which a part of one’s shape is repeated in its structure on different scales
according to the principle of self-similarity: if an image is reduced or enlarged, the
same formal characteristics can be found, while adding at each subsequent
enlargement (and on the other hand removing at each reduction) new visual details.
An interesting conclusion of Mandelbrot is that regularity can be grasped in
irregularity, an order in disorder, a principle that is explained by the property of
self-similarity. But nevertheless, this last assumption is often not sufficient to
explain the order that can be seen there. Deepening the position of the father of
fractals, it can be agreed that perceiving the regularity of fractal objects in irregu-
larity is not attributable only to homothety, equality but precisely to self-similarity
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that characterizes the perceptive mechanism called apophenia, that is, to find pat-
terns or connections in random data and not necessarily connected or meaningful to
each other. So the world is made up of simple recursive rules that repeat themselves
endlessly, generating emerging sets of new combinations from which the forms of
understanding of the most diverse disciplines arise from biology to physics, from
economics to sociology. This unifying vision of mathematical models is highlighted
above all through computer graphics that show the modular possibilities of fractal
geometry, which now surpasses the Euclidean one as a privileged model capable of
explaining the shapes of the world.

1.4 Liquid Nature

Zygmunt Bauman focuses on the transition from modernity to postmodernity. With
a physical analogy, he compares the two concepts (or periods of contemporary
history) to the solid and liquid state and attributes them to society: he argues that
while in the modern age everything was given as solid construction, today instead,
it is possible to artificially remodel every aspect of life. Here we arrive at the
concept of the loss of the border or the limit; nothing has clear, defined, and fixed
outlines once and for all. Such a position, as well as in the interpretation of reality,
cannot fail to influence human relationships, precarious precisely in the name of
that vaunted freedom (in fact, one does not want to feel trapped). In today’s society,
the protagonists, individuals, undergo a metamorphosis, from producers to con-
sumers, which further contributes to defining that great uncertainty that grips
modern society. Postmodernity is characterized by a society of uncertainty in a
liquid life of rapid transformations dominated by consumerism in which the active
producer man is transformed into a commodity, in the planetary homologation of
globalization facilitated by the digital revolution that throws the individual into
communicative fashions [9]. According to Bauman, in liquid life, the poor try to
conform to common patterns, and at the same time, if they cannot feel like others,
they feel frustrated. In a society that lives for consumption, everything is trans-
formed into a commodity, including the human being. However, unlike other
authors, Bauman does not use the term “postmodern” and coined “liquid moder-
nity,” which indicates the weakness of any construction in our age.

1.5 New Ideas and Concepts of Space/Time

As I have written elsewhere [4]:

In space we find the first and most tangible evidence of human corporeality and the impact
that this has on the perception and experience. But in fact, the visible and represented space
through the use of new technologies is an “altered space” in fact, the new communication
techniques have now “canceled space by time” (Marx), the different layers of the con-
temporary city are the result of the different communities that live in it, and into the
collective memory places are mixed, and their elements take on a new order according to
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new rules. Echoing the words of Virilio, we can say that “ancient societies lived in a local
time, the past time, the present and future, the future of history. It was the local time of
geography, cities, and so on. Today we begin to live in the worldwide time, in the global
time, and this is nothing more than the time “live”, it is the instantaneity of the feedback
between the transmission and the receptions that favors interactivity and interaction. In this
context a work remains to do which can be compared to that if Brunelleschi, Alberti, Piero
della Francesca, in order to build a stereoscopic perspective that is no longer that of the
fifteenth century, as it is based on real-time, on space-real time in which the action begins to
take place. The contemporary city is a need to establish a “new alliance” uniting and finding
a balance between the need to live in the body and in the reality, and a new virtual
dimension ([4], pp. 365–6).

2 The Knowledge … Ignorant3

The speed with which the world we live changes leads us to define this increasingly
complex world; and on the other hand, our questions are answered only if you have
access to very detailed information, often known only to experts and specialists in
the sector. Edgar Morin describes the condition of inadequacy perceived by the
individual who, while striving to know, thus fixing both the point of arrival and the
starting point, still recognizes the presence of a latent uncertainty that does not give
itself and does not reveal itself.4

Knowing that in the acquisition of knowledge, there always remains an elusive part
that pushes us to explore the territories of knowledge and, even if not in consideration,
we come across an inseparable triad: knowledge, ignorance,mystery.Morinmentions
several times the idea of knowing him. This knowledge does not coincidewith science
(as established over time) and specialism (knowledge), but it is a complex knowledge
that is contaminated with the arts and poetry; it is not centered on man and his
(instrumental) frenzy and voracity to know; it does not aim to be exhaustive but to
always arouse new amazement; it does not intend to explain, but to suggest, to show.
The wise man is a curious man, a lover of knowledge and disinterested in the
implications that knowledge carries within itself; a man who, freed from the ideology
and socio-religious functions of knowing (that is, uniting the community within a
horizon of themeaning), leans on his own beyond the limits of his humanity. And so if
the concept of knowledge can be taken as a mark of the great changes unfolding in the
contemporary world, in the transition from the labor society to the different inter-
pretations of the learning society, we can see before us the transformations (or

3 In [7], “I live more and more with the awareness and feeling of the presence of the unknown
in the known, of the enigma in the banal, of the mystery in all things and, in particular,
of the increase of mystery in every increase of knowledge “. Knowledge is a process in continuous
and perpetual motion that outlines the limits of Being and space–time. We cannot know everything
and therefore the point of departure and arrival of knowledge can only be uncertainty. We ignore,
and always will ignore, some aspect of reality. Of course, we can reduce uncertainty—lighten
the darkness a little more—but we cannot grasp the unspeakable anyway (p. 21): “The unknown is
an enigma; the unknowable is a mystery.”
4 Ibid, p. 13.
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resistance to changes) that they have characterized the last decades of the history of
so-called “complex” societies. The learning society is the new human condition in
which capital is given by knowledge and knowledge. In the knowledge society,
individuals themselves, their knowledge, their skills are the resource. In the training
and production processes, the subject assumes an unusual centrality, and therefore the
attention shifts from the amount of information available and the methods of access
and treatment of the same to the process of building the knowledge that man activates.
In a liquid and constantly evolving society, the human ability to create and use
knowledge effectively and intelligently is fundamental. Responding dynamically to
the continuous challenges of social life, work, managing one’s own life project
involves the need to acquire, maintain and develop the knowledge, skills, and com-
petencies necessary for this lifelong. Knowledge is understood as an emerging lever
for the development of production processes, and learning is configured as the con-
dition for the functioning and health of the system itself; in this context, attention is
focused on the concept of the system. The learning society is an open system society,
that is, a system inwhich the structural dimension is intertwinedwith the enhancement
of intangible resources (human resources). These synergies with information, the
dimension of internal and external communication, the progressive ability to control
and choose in life and work paths are necessary constitutive aspects for the system to
survive by orienting itself towards innovation.

3 New Horizons of Knowledge

Understanding the characteristics of the next society is still a work in progress
today, an exercise in definitions all with the aim of grasping and fitting the future
configuration of the company to size. To explain the content (meaning) of the
information society, the concept of a global media village was used in which
information pervades the life of individuals and societies even if in this society there
are not necessarily individuals capable of being informed and educated; that is,
individuals capable of achieving the ability to restructure and reorganize their
knowledge, or to give meaning to the information itself with cognitive autonomy.
In this scenario, the web plays a fundamental role; it is a very powerful means
through which it is possible to receive education, in different ways, with tutorials or
online instructors and clear and versatile examples from Youtube to Patreon. The
man of the twenty-first century naturally and extremely easily resorts to a form of
knowledge that is external, a digitized and immediate resource that he can no longer
do without. Therefore, for many, the affirmation that knowledge represents the
engine of innovative development under different profiles is acceptable: economic,
social, and cultural. The link between knowledge and growth has strategic
importance; in fact, the OECD first and the European Union later, with the Lisbon
Council in 2000, traced the political lines of intervention in this sector, indicating
lifelong knowledge and learning, the major strengths of a competitive economy.
The main problem linked to the knowledge resource is continuous development
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and, consequently, obsolescence. The competitive advantage depends on the ability
to accumulate knowledge to satisfy needs and expectations. Today in the learning
society, to maintain the know-how possessed, it is important to feed an open system
to acquire relevant information that allows you to grasp all those signals that come
from both the outside and the inside. In this way, each individual is himself a
constantly evolving cognitive system, and knowledge is the resource and not a
firm-specific knowledge. In fact, what we do not yet know can be obtained on the
fly from the web, what we have only intuition or only a fragment of, and in our
memory, we can reconstruct or consolidate it by relying on the web. Through social
networks, we can find experienced colleagues with complementary knowledge able
to compensate for our shortcomings. It may seem paradoxical to equate knowing
with searching, that is, knowing with searching (deriving from the search engine
search), but this is precisely what is happening, and the younger generations are
completely involved in it. We only know what we remember.

Before the web, being a professional meant having a large amount of knowledge accu-
mulated through years of experience in one’s “biomemory”, today those who possess
certain skills such as critical thinking, familiarity with digital tools, the ability to select
information by extracting it from the superabundance that surrounds it, he can advanta-
geously find what he needs from outside, rather than from his own memory. Refreshing
your working memory by relying on some excellent web tool when needed is better than
piling knowledge into your long-term memory. Knowing how to ask the right questions on
the web is cheaper than knowing all the facts.

For Dalrymple [10], a researcher at MIT in the Mind Machine Project: once
knowledge was an internal property of people and the focus on the task to be
performed could be imposed from the outside. Now, with the internet, knowledge
can be procured from without, but it is necessary that the focus comes from an
internal force. In the story Trough, the looking Glass by Lewiss Carroll, Alice, on a
cold winter evening, starts playing by the fireplace with her kitten friends, and while
in front of her there is the large mirror on the wall, she begins to fantasize: at a
suddenly Alice crosses the mirror and finds another new and unexpected world
beyond the mirror. Like the world Alice encounters, the sky seen through looking
glass fills us with wonder …

4 The Birth of Co-constructed “Knowledge” Generated
by the Masses

Today it is customary to associate the concept of knowledge with new relationships
on the part of those who are more exposed than others and are regular web users.
About 15 years ago, with the theoretical model developed by Scardamalia and
Bereiter [11] of the Ontario Institute for Studies in Education (OISE) of the
University of Toronto, there was a change of perspective, and a new model was
proposed that is pervasive with respect to society and its institutions, so that
knowledge is not promoted, but individuals themselves become a community that
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creates knowledge. Manipulating knowledge in a creative way and always gener-
ating new knowledge of sources to the problems of everyday life and professional
life becomes a fundamental assumption of this era. This approach contemplates the
concept of competence and situated learning that makes it possible to effectively use
the knowledge learned in solving problems when they arise. It is based on the
construction of knowledge (knowledge building), which is characterized by helping
to develop skills, a mix of skills and knowledge in people, which allow them to move
and act consciously and creatively. For today’s young people, knowledge has lost all
traits of what it meant for our fathers: libraries, lesson books, diplomas, and titles in
the frame… Today, knowledge is digital; there is a web that has a significant impact
on the distribution and presentation of knowledge. A large part of it is hidden, but,
what emerges, is found on virtual shelves lost in the space of computer networks
created in different ways and tagged by a multitude of producers.

5 Conclusion

We are therefore convinced that the concept of learning society, a topic on which an
intense debate has developed worldwide, is complex (not difficult). For many, it can,
in fact, be defined as a social formation that stimulates and allows each member to
play a central and active role: each and everyone can continuously develop their
knowledge, skills, and attitudes. The role of education in the programs of many
social institutions is anchored to culture as its primary condition of existence.

We switch our gaze to images that appear in infinite succession, we sample our attention on
a continuous flow of events. In our time, media, information, entertainment news, every-
thing immaterial, is available in profusion. Like leviathans swimming in a primordial soup
we continuously swallow huge quantities of digital plankton. We have to learn to filter what
is true nourishment of knowledge ([1], p. 264).

Core Messages

• The Chapter provides an overview of stereoreal reality and the new space–
time paradigm.

• Complexity is not a difficulty: the multiple relationships between variables
offer not one but more solutions to the same problem.

• Reality is based on the principle of self-similarity, and each piece hides
smaller ones with the same characteristics, not traits but clones.

• In stereoreality, we are ubiquitous: in the here and now and in global time
at the same time.
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7Creative and Critical Thinking in Early
Childhood

Nicole Leggett

Creativity is intelligence having fun.

Albert Einstein

Summary

Early childhood (from prenatal to eight years of life) is the most important period
of growth in human development, with peak synaptic activity in all brain regions
occurring in the first ten years of life. This time-sensitive course of brain
development results in different functions emerging at different times. It is
during the preschool years that sensitive periods for cognitive development are
formed, in particular, creative and critical thinking skills. Sociocultural
perspectives ascertain that a child’s cognition is co-constructed through the
social environment. This chapter draws from Vygotsky’s sociocultural cognitive
theory and creative imagination theory to explain the processes involved as
young children generate new knowledge. Examples from children’s interactions
in social learning environments are presented, demonstrating how children think
creatively and critically as they solve problems and seek meaning through play
and imagination.
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Collaborative problem-solving.
(Photography by Nicole Leggett).
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Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
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keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction–Why Early Childhood?

Early childhood is the most significant time in human development. It is during the
early years that the brain’s basic architecture is formed, commencing soon after
conception and continuing from birth. In fact, by the time a child reaches the age of
three, more than 90% of the brain has formed, and by five years, it is nearly fully
developed [1–3]. How the brain develops is dependant on the combinatory forces of
genes and the environment. While genes guide the initial steps of brain develop-
ment, epigenetic mechanisms can be affected by interactions within an environment
[4]. According to neuroscientific evidence, there are critical periods during a child’s
early growth where the right stimuli can provide the maximum returns on cognitive
function and underlying neural circuitry networks [5, 6]. The influence of numerous
experiences on the brain is especially strong during brief development times, fre-
quently referred to as sensitive periods, during which a certain type of experience is
required to develop behavior, skill, or talent.

The concepts of ‘critical’ and ‘sensitive’ periods differ for various areas of
development. Research indicates there are critical times for exposure to the right
environmental support to develop neurological structuring. A critical period is a
subtype of the sensitive phase in which some behaviors and features of the nervous
system do not develop normally in the absence of appropriate stimulation [7]. One
example of a critical period is from research by Hubel and Wiesel in the 1960s.
They showed that monocular deprivation in kittens during the first three months of
life could lead to a lasting and largely irreversible decline [8]. Failure can result in
irreversible damage as hard-wiring through synaptic activity has already occurred.
On the other hand, sensitive periods relate to brief windows of time during which
the impact of experiences is exceptionally intense on the growing brain. For this
reason, the term ‘sensitive’ periods will be used in reference to cognitive growth, as
evidence suggests there is a good deal of plasticity in the neural systems that
underly the emergence of cognition [9]. From neuroscientific evidence that advo-
cates the importance of quality environments on early childhood growth and
development, it is clear that early experience matters.
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2 Intellectual Growth and Development

Early life experiences affect later stages of development, including health, behavior,
and learning [6]. While six to 18 months is a period where children are particularly
sensitive to caregiving and attachment, the period of 16 months to five years is a
significant time for intellectual development [10]. These small windows of
heightened plasticity are dependent on the quality of maternal care, sensitive par-
enting, sensory experiences, and the richness of early environments [4–6, 11–13].
A child’s brain is highly receptive to the quality of early experiences and is shaped
by social relationships that drive the development of neural pathways [1]. Berardi
et al. [4] described an enriched environment as one that includes social stimulation,
motor activity, novelty, cognitive activity, and satisfaction. For the child, learning is
a process of developing dispositions and acquiring new knowledge, skills, and
abilities. It is an experience-based process.

New knowledge is generated through social experiences and opportunities for
the young child to solve everyday situations as they arise through play. For children
to overcome difficulties, they need to connect a new situation with what they
already know. This cognitive leap involves both creative and critical thinking skills
in order for new knowledge, skills, or abilities to be attained. Creative thinking
entails lateral or divergent thinking, as well as inductive reasoning and concept
exploration. Critical thinking, or convergent thinking, is related to deductive rea-
soning. Both creative and critical thinking are necessary for successful
problem-solving and advances in cognition to occur. The difference lies between
critiquing the known and generating the new. Vygotsky’s [14] theory on children’s
cognitive development highlighted the processes involved in advancing knowledge
and skills through the ability to problem-solve.

3 Vygotsky: The Zone of Proximal Development

Vygotsky [14] emphasized that collaborative and guided problem-solving leads to
higher ways of thinking. Vygotsky’s theory of the zone of proximal development
(ZPD) identifies the basic social nature of learning and development. In children’s
lives, cooperative activity and teamwork are expressed as:

The distance between the actual developmental level as determined by independent prob-
lem solving, and the level of potential development through problem solving under guid-
ance or in collaboration with more capable peers [15].

Vygotsky emphasized the collective nature of social learning rather than dyadic
relationships. Learning occurs when a child interacts with people in the environ-
ment [14, 15]. Children learn about the world through transformation. This com-
prises information from others’ speech and behaviours that children use to recreate
knowledge [16]. Vygotsky [14, 15] defines social learning as operating inside the
ZPD. Vygotsky says:
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We propose that an essential feature of learning is that it creates the zone of proximal
development; that is, learning awakens a variety of internal developmental processes that
are able to operate when the child is interacting with people in his environment and in
cooperation with his peers. Once these processes are internalised, they become part of the
child’s independent achievement [15].

ZPD is a relational process that encompasses the unity of social interactions that
result in novel cognitive processes. Within the ZPD’s social relationships, meaning
is created and understood by the individual’s “perezhivanie,” or `̀ lived emotional
experience” [17]. In his book Imagination and Creativity in Childhood, Vygotsky
demonstrates the connection between emotion and thought and the role of the
imagination [18]. According to Vygotsky, there is no difference between reality and
imagination; it is a conscious ability to combine the two [19]. Thus, imagination is
both an emotional and an intellectual experience, which is why Vygotsky [18]
stated that it fosters creativity. In his theory of creative imagination, Vygotsky
discusses the creative process of human consciousness.

4 Vygotsky and Creative Imagination

Through Vygotsky’s sociocultural, historical framework, creativity is woven
together with learning, teaching, discovery, and transformational change [17].
Vygotsky claimed that all human beings, including children, are creative and that
creativity is the foundation for all learning domains [19]. Vygotsky called this
creative ability ‘imagination’, for imagination sparks every creative act. Vygotsky
put forth a theory that creative imagination introduces:

something new into the flow of our impressions, the transformation of these impressions
such as something new, an image that did not previously exist, emerges [20].

According to Vygotsky, a creative imagination becomes visible when fantasy
and thinking are combined [18]. Humanity and society depend on creativity, not
just for artistic talent, but for all endeavors that require thinking [18].

Vygotsky found that children’s play was the source of creative imagination [18].
He described play as an act of the imagination. Also, Vygotsky [15] believed that.

…the more a child sees, hears, and experiences, the more s/he knows and assimilates, the
more elements of reality s/he will have in his/her experience, and the more productive will
be the operation of his/her imagination.

Smolucha and Smolucha [21] summarized Vygotsky’s theory of creative
imagination as a combination of imagination and higher mental activity that occurs
through collaborative play.

Vygotsky [22] noted.

play is…the leading source of development in preschool years.
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In early development, play emerges as the child’s motivations shift toward
fulfilling his/her desires. Due to an inability to achieve these desires in reality, the
child realizes them through his/her imagination [23]. Vygotsky emphasized that
play is the first manifestation of imagination during development.

4.1 Imagination

Should we not look for the first traces of imaginative activity as early as in childhood?

Freud [24]

Early childhood is often called ‘the golden age of the imagination’ [22, 25].
Imagination is a human capacity that exists privately within each of us. The word
‘imagine’ originated from the Latin imaginary, meaning ‘to picture oneself.’ These
images generated in the mind from the imagination begin with sensory perception.
The brain receives signals from the senses and draws from past experiences to help
interpret or explain them. The environment shapes the brain’s neural pathways
through response to new stimuli. Exploration through play is therefore essential for
children’s learning. The imagination can be thought of as a playful type of analogical
thought that combines prior experiences to create new patterns of meaning [26]. As
children understand the causal structures of the world and develop knowledge, they
generate the power of their imagination, which makes creativity possible.

5 The “Period of the Imagination”

In 1946, Montessori believed that the years

between 3 and 6, especially towards 5, (as) the special period for the construction of the
imagination. This is the period during which great power for man is built [27].

Montessori observed that toddlers absorb sensory cues from their environment
unknowingly from birth to three years and acquire the ability to imagine between
the ages of three and six. Montessori proposed that children construct their imag-
inations as a distinctively human part of the mind through their efforts. In an
unpublished lecture, Montessori stated:

Just as in the period of the absorbent mind the child studied the world sensorially and
received impressions, so now he studies the world in another way and tries to reconstruct
through experience he has already had, things which he has never seen. Through this
imaginative reconstruction the child makes his way for the first time in the world of real
intelligence [27].

During the ‘sensorial stage of imagination’, children explore their ability to
create mental images. These mental constructs are based on the child’s real-world
knowledge. Play helps toddlers learn to mix elements from different contexts. This
process of combinatory imagination is how children make meaning of what is
happening around them.
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6 Play: Informal Experimentation

Through play, children make sense of their world. New ideas and skills are useful
learning aids, and through various challenging experiences, the child can master
and understand new concepts [1]. Children develop problem-solving methods
through direct encounters with items and other people in their world. This learning
process sets the foundation for succeeding in later school life, providing children
with strong communication, confidence, persistence, and creativity for completing
tasks. McCain et al. [1] highlight the value of play for children’s growth and
development, stating that play enhances intelligence, stimulates the imagination,
provides the foundations for language, literacy, mathematics, and scientific
knowledge, promotes the ability to solve problems, develops motor skills, and
drives confidence, self-esteem and a positive approach toward learning.

Infants begin playing by first observing how objects move and behave. They
gather data, build patterns of their environment, and start to form categories.
Toddlers investigate with items, look for cause-and-effect relationships, learn
through repetition, solve minor issues as they move through their surroundings, and
develop the ability to manipulate entities [1, 6]. For preschool children,
inquiry-based approaches such as data collection, prediction, recording, and dis-
cussion are used. Numerous challenges develop during play, requiring the child to
draw on his/her own thoughts, to hypothesize, and test new theories.

Play is the incentive for children’s learning [28]. Gopnik and Wellman [10]
demonstrate how children aged 16 months to four years use probabilistic learning
mechanisms such as informal experimentation. Together with playful thinking and
imagination, children piece together what is known to the unknown to make sense
of the world around them. Figure 1 presents some visual representations of
three-year-old children’s intellectual searching on the phenomenon of ‘wind.’

Fig. 1 The wind
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From these examples, it is evident that the ordinary thoughts of young children
entail a considerable level of creativity. From a young age, they can organize
knowledge in creative ways. The combinatory ability to draw together reality and
fantasy suggests that they are more open to forms of creative expression due to
having fewer inhibitions and not yet receiving formal instruction [29].
Preschool-aged children are compelled to piece together their world knowledge
from incomplete clues, often engaging in metaphoric language and personification
as a form of imagination. In the above examples, the wind is given human-like
characteristics. For example: ‘running away’ and ‘being ‘afraid.’

Young children can build intuitive theories of the world that help them organize
experiences, make predictions, and causally interpret events [10]. The inquisitive
nature of children drives the construction of scientific theories. Children as young as
two years can organize experiences and develop spontaneous explanations for
events. Children create constructs that extend beyond directly observable entities. In
this sense, children’s theories are highly creative. Figures 2 and 3 are examples of
thinking from a small group of four-year-old children who were outside exploring

Fig. 2 Exploring shadows
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an interest in light and shadows. There are different representations as children
hypothesize their theories for what is a shadow.

These examples demonstrate how children integrate prior knowledge and
experiences with new evidence to make causal inferences. Children draw from their
cognitive ability when a problem arises and employ imaginative or possibility
thinking. The following responses are from a small group of four-year-old children
who theorize about the moon in response to a question proposed by an educator:
Where does the moon go?

E It goes to heaven or to sleep.
O It falls into the water.
C Maybe it went down into the ground.
L Maybe it went home with the sun.
E The golden bit sinks back into the moon in the daytime.

Becoming a child in order to comprehend the cosmos and eternity was endorsed
by Einstein, who credited his development of the theory of relativity to the fact that
he continued to ask questions in the manner of a child [30]. Therefore, it is
important for children to develop the ability to ask questions and think about the
many possibilities before having to come up with an answer. As Vygotsky [14]

Fig. 3 Light and shadows
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demonstrated in his ZPD, mediation with a more knowledgeable other (child or
adult) helps the child arrive at answers and solutions that drive intellectual growth
and abilities. The power in this transformation lies in creative thought processes.

7 Creative Thinking

Creative thinking refers to the mental processes responsible for developing creative
products [31]. Cognitive talents, personality traits, dispositions, and metacognitive
skills are all elements that constitute creative thinking. Many experts regard early
childhood as a vital period for developing creative thinking in children [32–36]. For
a growing child, this means connecting the known with the unknown to solve issues
that require greater levels of intellect and aptitude. Through creative thinking,
children learn to hypothesize, locate and solve issues, experiment with new
knowledge, and evaluate how new knowledge can be useful for understanding new
encounters.

Individuals generate creative processes whenever they experience disequilibrium
while learning new skills and understandings [37]. Creativity is present when a
person imagines, changes or creates something new. The ability to think creatively
or imagine something new depends greatly on the richness and variety of a person’s
previous experience. The following interaction between an educator and a
four-year-old child provides an example of creative thinking where the child draws
from prior experience and his imagination in response to a question that he does not
know how to answer:

Educator Do you know why spiders have eight legs, not two like us?
Child Because they are spiders
Educator They spin spider webs don’t they. Do you know what their webs are

made of?
Child String!
Educator Good guess.
Child Knitting?
Educator Sorry? Knitting, like wool? Is it made of silk?
Child They are like Spiderman; the silk comes out of their mouth.
Educator Out of their mouths, maybe. Maybe we could research that.

From this scenario, it is evident that the child is drawing from his own expe-
riences and knowledge bases in order to seek an answer. Vygotsky [15] stated that:

Every act of the imagination starts with this accumulation of experience. The richer the
experience, the richer the act of imagination. After the accumulation of experience comes
the incubation period [15].

Incubation is an essential aspect of problem-solving; transformation occurs
through internal neurological processes and connections.
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8 Creative Problem-Solving

According to Wallas [37], four stages exist in creative problem-solving: prepara-
tion, incubation, illumination, and verification. Preparation is the “whole process of
intellectual education” [37]. It involves a conscious effort on the problem. For
Wallas, the processes of preparation and verification are similar. During incubation,
new associations occur when you are not consciously thinking about the problem; it
occurs while you are not aware of it.

The unconscious mind can incubate numerous thoughts concurrently, but the
conscious mind is limited to focusing on a single task at a time [38]. During
incubation, mental elements interact, forming connections between what we know
and what we envision to discover solutions and answers to everyday difficulties.
However, not all problems are easily solved, and not all ideas are novel or
appropriate to the situation. For adults and children, some problems require more
time. This period that occurs below the surface of consciousness is often referred to
as ‘incubation.’ Over time, usually, when the mind is relaxed, insights occur,
emerging into consciousness. Wallas [37] describes this psychological process as an
instantaneous ‘flash’ that lasts for an appreciable time. This moment of revelation or
insight is also referred to as the ‘ah-ha' moment. Insight occurs when the mind is
relaxed–for example, in the early hours of the morning, during long walks, or
during play.

Creative insights emerge from elaborate cognitive processes involving different
processes and regions [39]. A child requires time to incubate, experiment with
ideas, and ponder freely to gain insight. In the following example, a small group of
children aged four to five years were painting a cardboard rocket ship that they had
made with the educator outside. Together with the educator, the children discussed
what else the rocket needed. When a problem was presented, one child had an
‘ah-ha’ moment after a brief pause for thinking of a solution:

Educator We need a driver that drives the rocket.
Child Yeah.
Child We need a thing to make it go up.
Educator Yes, that’s right, we do.

There is a brief pause of approximately 8 s as the children continue painting the
rocket ship…

Child I know what can make it go up! String!
Educator String, great idea!

Caregivers and educators must not push children for immediate answers but
allow children time to ‘incubate’ and seek solutions to their problems. Caregivers
and educators can assist in the learning process by asking the child to talk about
his/her ideas and to select which one they think will work best–and why. This
verification stage of creative problem-solving is a form of metacognition. It is
helpful for children to visualize their ideas and express their thought processes as
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they check for errors and evaluate strategies and solutions. Divergent thinking is the
ability to develop many thoughts in response to stimuli. A broad search for
information and the generation of several innovative responses or ideas has been
identified as the most significant operation of the creative thought process.

9 Divergent Thinking

Based on Torrance’s [40] dimensions of divergent thinking abilities, characteristics
involve fluency, flexibility, originality, and elaboration/enrichment of ideas.
Divergent thinking is the pinnacle of problem-solving and learning. It is how young
children transform information to new levels of understanding. Creativity is a form
of problem-solving that requires flexible thinking and skillful application [41]. This
skill is widely regarded as essential to the creative process. Children engage in
problem-solving through visualizing solutions, checking for faults, collaborating,
talking, and reflecting, as well as metacognition, which involves evaluating tech-
niques and solutions [42].

Children can come up with many ideas, but they must learn that some are
superior to others. Children who work together on the same goals and share
knowledge and abilities are more successful at problem-solving. Metacognition is
the mindful use of procedural information, such as applying tactics and strategies to
a situation [43]. The following example is of two four-year-old boys who were
discussing strategies for how to build a ramp together in the sandpit:

Child 1 (c1): The car can go up and zoom into the bucket
Child 2 (c2): I wish I could do that, but how?
c1: Well, I have a really good one (an idea). How about we put a pipe in

there?
c2: Yeah, that was my idea!
c1: There, is that deep enough?
c2: I think you just need a shovel (children proceed to dig deeper

together)
c1: There, I built a new ramp on the side
c2: I have got a great idea! If I build a new ramp on here, it can go

broom over and on to here! (from the ramp over the hole and onto his
friend’s ramp)

c1: Okay, try my ramp
c2: What about we put the pipe in instead?
c1: But how will it go in?
c2: Like this way!

In the Graphical Abstract, it is evident that the boys were working together to
solve a problem in their play. Both boys shared their ideas for using a pipe,
demonstrating intuitive thinking, which is fast and automatic (creative). Once an
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idea was selected, the children began to think analytically (critically), which is slow
and deliberate in order to select the correct solution to the problem at hand. This
was evident when one boy asks: “But how will it go in?” Young children employ
both creative and critical thought processes for successful problem-solving that
sustain playing and further drives the capacity of knowledge and skills.
Problem-solving involves stages of generating ideas and using cognitive processes
that call for critical thinking in the evaluation and implementation of ideas [44].
Thinking is intrinsically creative and critical.

10 Critical Thinking

One of the most important cognitive traits young children should develop is critical
thinking. Current considerations for twenty-first-century skills require equipping
children with the necessary dispositions and competencies essential for lifelong
learning as well as for navigating the future workforce [45, 46]. Critical thinking
involves describing, interpreting, analyzing, reflecting, evaluating, critiquing,
explaining, sequencing, reasoning, comparing, questioning, inferring, hypothesiz-
ing, and testing.

Young children can learn to think critically [47] and can:

develop strategies for exploration, thinking and reasoning as well as create working theories
to make sense of the natural, social, physical and material worlds they live in.

Supportive environments and quality interactions with caregivers and educators
have been found to be significant factors for fostering children’s thinking skills.
Environments that connect children to real-life experiences, use multimedia tech-
nology, provide reading materials and promote a safe emotional climate support the
development of critical thinking in children [48, 49]. Figure 4 is an example from
children aged four years who were encouraged to access Google sky/space and
select satellite images as a stimulus to create their own ‘galaxies’ using paint.

Educators and caregivers who value children’s contributions must encourage
their participation, use purposeful questioning, create opportunities for talk and
provide feedback to extend children’s thinking [49]. A study by Taggart et al. [50]
examined young children’s existing practices and types of thinking skills. Their
findings revealed that children are capable of quite a wide range of higher-order
thinking skills by age seven.

11 Intelligence

If people can learn to think better, they can learn to be intelligent.

Halpern [52]
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A frequently asked question is whether learning to be a creative and critical
thinker can make someone more intelligent. While both thinking skills are required
for learning, the answer to this question depends on how intelligence is defined.
One good definition offered by Gottfredson states that:

Intelligence…. involves the ability to reason, plan, solve problems, think abstractly,
comprehend complex ideas, learn quickly and learn from experience. It is not merely book
learning, a narrow academic skill, or test-taking smarts. Rather it reflects a broader capa-
bility for comprehending our surroundings–‘catching on’, ‘making sense’ of things, or
‘figuring out’ what to do [51].

There is no single score that can represent the complexity of human intelligence.
While Intelligent Quota (IQ) tests may be useful for predicting grades in school or
success at work, they represent a subset of thinking skills necessary for success in
life [52]. For example, IQ tests can be good measures for testing how well one can
hold information in their short-term memory; however, they do not assess a per-
son’s ability to form new understandings when presented with evidence. It is cre-
ative and critical thinking that is largely absent from intelligence tests. As Halpern
[52] suggests, if people can learn to think better, they can learn to be intelligent.

Rather than testing children on what they know, it is better to assess ‘how’ they
know. Teaching children to think critically requires avoiding common biases and
not being misled by commonly overused tactics. Critical thinking skills require the
development of specific instruction, practice, feedback, and time [52]. While there
will always be differences in how well some people can think more than others, as
well as other influences on intelligence such as genetics and environmental factors,
we can all learn to be better thinkers and to think more intelligently.

Fig. 4 Creating galaxies
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Sternberg [53] proposes three categories of intelligence:

i. analytical, problem-solving;
ii. creative, creating new solutions; and
iii. practical, dealing with everyday problems

Sternberg, Torff, and Grigorenko [54] tested the triarchic model of intelligence
with children in third grade and found that students who received a curriculum that
involved all three forms of thinking performed better than those who received a
traditional curriculum. Table 1 demonstrates a range of thinking skills between five
children aged between four and five years of age as they extend their knowledge
and understanding of bees.

In this example, a range of creative and critical thinking skills is demonstrated as
children share and scaffold each other’s knowledge. Two concepts are being
explored: how honey is made and how bees sting you. Through the discussion on
how honey is made, they all (except for Max) refer to nectar as ‘honey.’ It is not until
the very end of the discussion that an ‘ah-ha’ moment or point of illumination is

Table 1 Honey bees

Thinking skill Triarchic
intelligence

Jay: The Queen bee tells the little bees where to get
the honey from. If people try to stop them, they sting

Explaining, reflecting Analytic

Max: Once a bee come and sting me on the shoe.
I pulled it off the right way. I didn’t squeeze the
poison. I shaved it off

Describing, reflecting Practical

Bailey: Bees make honey from grass and pancakes
—they mix it up

Hypothesizing,
imagination

Creative

Jules: The bees make the honey with a turning thing.
A bee lives in a bee hive, not a house. It doesn’t need
to live in a house

Describing, reasoning,
explaining

Creative/analytic

Yasmin: Bees make honey with their bodies. They
mix up the honey with their stingers then the man
rubs it off the trays, mixes it and puts it in the trays

Explaining,
describing,
sequencing

Analytic

Bailey: If you put bees in a cup, they can't sting you Problem-solving Practical

Jules: You could get sticky tape. All the bees could
stick to the tape so they can’t sting you

Problem-solving,
divergent thinking

Creative

Jay: The baby bees and the little Kings collect the
honey for the Queen's babies. They make it in
triangle and square shapes using salt and water

Describing, reasoning,
divergent thinking

Analytic

Jay: Honey is in flowers. We need to get honey from
bees because we can’t reach inside flowers

Explaining, reasoning Analytic

Jules: When the bees have their honey, they move to
the next flower

Explaining Analytic

Max: They get nectar from the flowers Illumination and
verification

Analytic
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reached with Max stating that it is called ‘nectar’ from flowers. The second is the
problem that bees sting. Interestingly, although the children are thinking analytically
about honey, they are also thinking practically about how to avoid bee stings. The
children have shared their prior knowledge and experiences through both intellectual
searches, demonstrating analytic and practical thinking skills. In both cases, children
used their imaginations to fill in knowledge gaps and solve problems together.

According to Tomasello, Kruger, and Ratner [55], this type of learning is
referred to as ‘collaborative learning.’ Collaboration involves two or more people,
neither of whom is an authority or expert. Rather, learning occurs when two or
more people work together to solve a problem. According to Dissanayake [56],
belonging is essentially linked to our capacity for meaning, competence, and to
raise elaboration. Children work together to create meaning, expand it, and trans-
form it using the collective gifts of the learning community. An environment of rich
potential is created through the experiences that each person brings. The giving and
taking of ideas can evolve into learning experiences beyond individual possibility.

12 Conclusion

One of the main cognitive competencies for our century is the ability for children to
think creatively and critically. This means that children require both concrete and
abstract experiences to develop intellectually. Developing intelligence in young
children involves a focus on the holistic and multidirectional nature of cognition.
Learning environments that promote imaginative and creative thinking also need to
encourage children to think critically and to evaluate their ideas. Educators can
support children’s cognitive growth by providing rich environments that encourage
children to be powerful thinkers who bring forth new ideas from their play–who
knows, one little idea may just be big enough to change the world! Imagine that.

Core Messages

• Early childhood is a sensitive stage of neurological growth for developing
creative and critical thinking skills.

• Rich environments and quality interactions with educators are significant
factors fostering creative and critical thinking.

• The ability to think creatively depends greatly on the richness and variety
of a person’s previous experience.

• Children who work together on the same goals and share knowledge and
abilities are more successful at problem-solving.

• Children learn to hypothesize, solve problems, experiment, and analyze
through creative and critical thinking.
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8Development of Critical Thinking Skills
Through Science Learning

Johar Maknun

Critical thinking relies on content, because you can’t navigate
masses of information if you have nothing to navigate to.

Kathy Hirsh-Pasek

Summary

Education needs to be directed towards increasing the nation’s competitiveness
to handle the global competition. This will be achieved as long as learning is
directed towards improving students’ abilities, especially critical thinking skills.
Therefore, science education aims to improve thinking skills and prepare
students for future success. These abilities are trained with learning that requires
them to conduct experiments, discover, and solve problems through small group
discussions. A constructive learning approach is believed to facilitate and
develop these skills.
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keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Science education is expected to facilitate an established epistemological and axi-
ological foundation, which will help students compete in an increasingly complex
world. They are expected to develop thinking skills through scientific methods in
dealing with everyday problems. Meanwhile, science contains four factors, which
are content (product), process (method), attitude, and technology [1]. It means
accepted facts, laws, principles, and theories as a content. Also, as a product,
science is structured knowledge, and it is obtained through active, dynamic, and
explorative processes of inductive activities [2]. Furthermore, as a method, it is a
process of gaining knowledge. As an attitude, science is open, objective, and
honest. Lastly, as a technology, it correlates with everyday life.

Thinking skills are one of the intellectual potentials needed in various aspects of
life. Therefore, students need to develop these skills through learning. Stated that it
is very important for students and prepares them for future success [3]. Also, one of
the most relevant lessons for developing students’ thinking skills is science [4].

As an effort to improve education quality, applied learning should be focused on
teaching higher thinking skills [5]. Also, thinking is a cognitive activity to gain
knowledge that is grouped basic and complex based on the process. The former relies
on memory, imagination, comparison, evaluation, generalization, analysis, synthesis,
deduction, and inference, whereas the latter includes decision-making, problem-sol-
ving, and critical and creative thinking [6]. Critical thinking is a reflective pattern
based on focused reasoning to determine what should be believed and carried out [7].
In addition, it is a comprehensive introduction for better reasoning [8].

Critical thinking is one of the mandatory skills to deal with various situations,
from school to community. Students with these skills can develop systematic plans
and solve problems effectively. Broadly, it is a skill beneficial to have in everyday
life [9]. Therefore, one of the criteria needed by an individual to contribute to
society is the ability to think critically [10].

2 Literature Review

2.1 Science Learning

Understanding the nature of science is one of the influencing factors of its learning.
Teachers and students can carry out science learning according to its nature by
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having good knowledge. Furthermore, there are three inseparable scientific factors:
processes, products, and attitudes. Science is defined as a system for understanding
the universe through controlled observation and experimentation [1]. Also, the
nature of science (NOS) is the knowledge about epistemology (methods), occur-
rence process, or the values and beliefs inherent in its development [11].

Science is defined as a way of thinking that includes curiosity, belief, imagi-
nation, thinking, cause-effect relationship, self-examination, objectivity, doubt, and
open-mindedness. It also offers a way of investigation, using various approaches to
construct knowledge, namely scientific methods, inquiry, and science process skills.
This is achieved through observation, hypothesis, and experimentation. Further-
more, science corresponds to the body of knowledge from different fields that are
products of human inventions. Meanwhile, facts, concepts, principles, laws, theo-
ries, and models are forms of scientific content. These products have personal
meanings which cannot be separated from the investigation process. In addition,
science and its interaction with technology and society can be interpreted as
influencing each other. In conclusion, many scientific works are influenced by
society and the availability of technology [12].

For both teachers and students, learning the NOS is essential. It will give them
an essential background on how scientific knowledge is created, validated, and
influenced [13]. Furthermore, it will help them have a precise view of what science
is about, including the types of questions that can be answered, what contrasts it
from other disciplines, and the strengths and shortcomings of the knowledge [14],
as well as recognize and reject the claims of pseudoscience in everyday life [15].
Based on this opinion, understanding the NOS impacts the ability of scientific work
and its utilization in everyday life.

In harmony with the nature described above, learning should emphasize more on
the process. Meanwhile, the activity of students helps build knowledge through a
series of operations. In this learning, students act as scientists and use scientific
methods to find out a problem. This aligns with the constructivist theory consid-
ering that learning builds a base of knowledge from previous experiences [16].

Therefore, the application needs to be varied and develop various students’
potentials. One of them is learning that is oriented to the taxonomy for science
education. Taxonomy for science education includes five domains, which are:

i. knowing and understanding, in the form of facts, concepts, laws, hypotheses,
and theories used by scientists;

ii. science process skills, which consist of basic processes: observation, com-
munication, classification, measurement, inference, and prediction. Integrated
science processes also play a role, including variable identification, table
preparation, graphic making, intervariable relationship description, provi-
sioning and data processing, investigative analysis, hypothesis formulation,
operational variable definitions, investigation design, and experiments;

iii. imagination and creativity, which involve combining several objects and ideas,
generating alternatives, imagining, and producing extraordinary ideas;
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iv. attitude and value, which involve being positive towards science and devel-
oping self-traits, sensitivity, respect for others, as well as making decisions
related to social and environmental issues; and

v. connecting and applying, in the form of observing the examples of concepts
and learned science skills [17]

Based on this explanation, the learning is achieved through an exploration phase
of experience using scientific activities, which begins with observing primary and
secondary data until new knowledge can be reached. Also, learning is an activity of
applying new knowledge to relevant problems. To face future challenges, science
learning needs to provide opportunities for students to gain knowledge, act, and
collaborate.

This process needs to be carried out by emphasizing a scientific approach
through direct experience to develop competencies by scientifically learning the
natural environment. Meanwhile, an inquiry-based type can be used as a
student-centered model [18]. Students work with new and challenging concepts;
they are actively involved in making questions and seeking answers, planning,
reflection, and evaluation. Therefore, the inquiry processes that develop students are
critical, creative, and reflective thinking [19].

2.2 Critical Thinking Skill

There are various understandings of critical thinking. Beyer offered the simplest
definition, stating that “critical thinking means making logic judgments.” Beyer
viewed it as the kind of criteria proper to assess the quality of something, from
simple activities to concluding complex problems [20]. Also, Facione stated that it
is useful as self-regulation in deciding something to produce interpretation, anal-
ysis, evaluation, and inference. It can also facilitate exposure using evidence,
concept, methodology, criteria, or contextual considerations that form the basis of
decision making [10].

Critical thinking is a method for students to acquire new knowledge by solving
problems and collaborating with each other. In fact, these skills are a strategy that
increases the probability of expected outcomes [21]. Moreover, it also involves
analysis, synthesis, judgment, creation, and application of new knowledge to
today’s cases. Lastly, critical thinking is crucial to learning new things since it
provides possibilities to learn through discovery for students [22].

These skills help students develop multiple abilities, among which are the ability
to ask pertinent questions, collect relevant data, draw thoughtful conclusions,
decide precisely and logically, evaluate sources’ credibility, establish causal links,
analyze probability, engage in effective communications with others to arrive at
solutions [23], predict, and solve complex problems [24].

A study of students’ critical thinking abilities showed that it is not necessarily
developed but deliberately implanted [25]. This means that a student cannot
develop the skills efficiently without being challenged to practically use them in the
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learning process. Meanwhile, those without critical thinking cannot set the ability to
think naturally. In conclusion, this skill is a learnable ability; therefore, teaching it is
needed.

An appropriate test is needed to measure students’ critical thinking skills. Tir-
uneh et al. proposed that such a test must link the skills and problem-solving
indicators [26]. The developed test can be associated with the concept of physics, as
concluded in a meta-analytical review [27]. Critical thinking skills consist of 12
indicators grouped into five, as shown in Table 1 [7].

3 Science Learning to Develop Critical Thinking Skills

In many countries, critical thinking has become one of the competencies of edu-
cational purposes, even as one of the learning targets. Studies show that it is a
high-level skill known to aid in an individual’s social, moral, mental, cognitive, and
scientific development [28]. Therefore, thinking critically should be developed
early through learning, especially in science. Moreover, this skill can be learned,
estimated, taught [29], and improved through various learning strategies. The fol-
lowing studies are examples of learning that empowers and enhances students’
skills.

3.1 Impact of Inquiry Learning to Improve Critical Thinking
Skills

Improving the quality of thinking skills can be done by applying learning models
that actively involve students in the thinking process [30]. Meanwhile,
inquiry-based learning is one of the models that play an important role in

Table 1 Critical thinking skills indicators

Critical thinking skills Sub-critical thinking skills

Elementary clarification 1. Focusing questions
2. Argumentation analyzing
3. Asking and answering clarifying and challenging questions

Basic support 1. Considering credibility (criteria of a source)
2. Observing and considering the results of observations

Inference 1. Making deduction and considering its result
2. Making induction and considering its result
3. Making and considering the value of the decision

Advanced clarification 1. Defining terms, considering definitions
2. Identifying assumptions

Strategies and tactics 1. Deciding an action
2. Interacting with others

Reproduced (from [34] © Johar Maknun under Creative Commons Attribution license 4.0
International, CC BY 4.0)
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constructing paradigms that provide means for skill development [31].
Inquiry-based learning science exposes students to concrete experiences; therefore,
they learn actively to solve problems, make decisions, and develop research skills.
In summary, it will train students to become lifelong learners. Through the inquiry
activities, those with different ability levels can collaborate to solve similar prob-
lems and find solutions. In this process, they are motivated to be directly involved
or physically and mentally active in the learning process [32]. Therefore, the
classroom environment where students are actively involved as well as the teacher
serves as a catalyst for achieving the learning competencies or objectives [33].

The first example is a study investigating how the application of guided inquiry
learning improved critical thinking skills in vocational high school students [34].
The research instrument tests critical thinking skills based on the concept of static
fluid. An overview of critical thinking skills indicators is shown in Fig. 1.

The experimental class had an average pretest score of 46.6, while the control
class had an average pretest score of 46.1 (Fig. 1). The experimental class’s
post-test critical thinking skills averaged 84.5, while the control class’ averaged
61.4 [34]. The normalized gain (n-gain) value indicates an increase in critical
thinking skills (n-gain). Figure 2 shows the rise in scores for each critical thinking
indicator in the experimental and control classes. The experimental class increased
by 0.82 on the strategies and tactics indicator and by 0.64 on the elementary
clarification indicator. For the control class, the biggest increase is 0.36 and the

Fig. 1 Description of critical thinking skills of vocational high school students (reproduced from
[34] © Johar Maknun under Creative Commons Attribution license 4.0 International, CC BY 4.0)
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lowest is 0.18. The experimental class improved critical thinking skills by 0.71,
whereas the control class improved by 0.28. In terms of the n-gain, guided inquiry
learners develop critical thinking skills faster than conventional learners [34].

In guided inquiry learning, students construct their own observations with the
help of a teacher. In the control class, the teacher plans the activities. Students are
guided to solve problems using analysis, synthesis, data assessment, and
decision-making [35]. Also, students who think critically will effectively make
fact-based decisions, analyze conditions, assess arguments, and draw conclusions
appropriately [36]. Furthermore, students must also analyze, synthesize, and make
associations between information and reasoning [37]. In fact, this skill can be
fostered through activities that require students to support their assessments,
choices, claims, or statements with logical reasoning, evidence, or arguments [37].
Impacting this skill through learning is expected to provide benefits and direct
students in finding solutions to problems. Therefore, critical thinking is a useful and
important basic capital for everyone, and it shows the maturity level of an
individual.

3.2 Improving Critical Thinking Skills Through
Problem-Solving Laboratory Learning

Problem-solving laboratory learning is carried out with different activities, which
include orienting students to problems, determining the equipment to be used in

Fig. 2 The n-gain of critical thinking skills in vocational high school students (reproduced from
[34] © Johar Maknun under Creative Commons Attribution license 4.0 International, CC BY 4.0)
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experiments, making predictions, guiding students to develop methods to be used in
practicums through questions, conducting explorations, measurements, data anal-
ysis, and drawing conclusions [38]. The research results are shown in Fig. 3.

Based on the hypothesis testing results, the n-gain of the two classes showed a
significant difference between students who get dynamic learning through
problem-solving laboratory learning and those who learn through verification
activities. Meanwhile, the increase in experimental class gain is because learning
with problem-solving activity approach provides opportunities for students to be
more flexible. It helps them to independently exchange ideas with each other in
completing the task given by the teacher. The results of this study support previous
research, which stated that learning through a laboratory activity approach can
improve students’ critical thinking skills [38].

Through presenting a problem, students feel the need to know how the phe-
nomenon occurs and what causes it. Therefore, their curiosity will encourage them
to study, ask questions, or discuss. Presenting a problem is the most important step
to visualize the situation and identify the actual and relevant problems [39].

Furthermore, problem-solving learning can foster several aspects of critical
thinking skills. Therefore, experiments that motivate students to think about results
and simplify assumptions about problems are conducted [40]. In critical thinking,
there is the ability to reason and think reflectively, which is directed to decide
convincing things to be carried out [6]. Therefore, developing this skill is important
because it can foster sensitivity to problems that occur, which will make students
able to understand an issue and help them apply concepts in different situations.

Fig. 3 Comparison for a normalized gain average of critical thinking skills [38]
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3.3 Physics Learning with Multi Representation: An Effort
to Foster Critical Thinking Skills in Vocational High
School Students

Critical thinking skills are crucial for problem-solving [41]. With these abilities,
students can identify, evaluate, construct arguments, solve problems, and make
appropriate decisions [22]. Therefore, developing these skills is important and
achieved through conditioned learning [42].

Physics learning is based on the concept of science as a product, process, and
attitude. Implementation of the scientific process based on a scientific attitude is
aided by interaction with the environment. Critical thinking skills provide oppor-
tunities for students to cope with issues of social, scientific, and practical signifi-
cance [43].

The critical thinking skills of vocational high school students who apply physics
learning with a multi-representation approach are higher than conventional learning.
This is based on an n-gain score: the students who carry out physics learning with
this approach have a normalized gain value of 0.60, which is of the medium
category while, those who carry out conventional physics learning have a gain
value of 0.26, which is of the low category [44]. Based on these results,
multi-representation can train students in solving problems related to critical
thinking skills. Students use representations to comprehend the situation of the
problem and evaluate the results, and representations that are non-verbal means in
problem statements can affect the student’s performance differently. Therefore, the
superiority of those who carry out multi-representation learning is the basis for this
approach to increase critical thinking skills and abilities [45].

4 Conclusion

One of the expected outputs of science learning is critical thinking skills. This
ability is not inherent in humans from birth but can be trained through a learning
process. Therefore, the development is expected to be beneficial for students in
finding a solution to a problem. Furthermore, this ability is important to train and
develop because it helps students make reasonable decisions and solve problems in
school, personal life, and the work environment.

Active learning is believed to promote critical thinking skills in students.
Meanwhile, the model with a constructivism approach can promote critical thinking
skills in students. This approach views that knowledge cannot be transferred
directly from one person to another, but students are given the opportunity to
construct their own knowledge with the teacher’s help. Therefore, learning that
characterizes a constructivist approach includes inquiry, problem, and project-based
education.
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Core Messages

• Critical thinking is an important skill for students in the twenty-first
century.

• Critical thinking skills can be achieved by improving the quality of science
education.

• Science education with a constructivism approach can improve students’
critical thinking skills.
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9Constructivist Education: The Learner
Tongue as a Prerequisite
to Constructivist Practice

Ghsoon Reda

Language is the blood of the soul into which thoughts run and
out of which they grow.

Oliver Wendell Holmes

Summary

Constructivism is adopted as the twenty-first century education model because it
rests on stimulating thinking development. Constructivist practice, however, is
surrounded by controversies that center around such issues as the effectiveness
of different techniques on learning different areas or skills, the learning
environment, and the student–teacher relationship. The medium of instruction is
never brought into focus as an essential component of constructivist practice.
This study draws attention to the need to accord the learner tongue importance in
this practice showing that a constructivist classroom culture can only be
sustained when the medium of instruction is not foreign to the learner. A model
of proper applications of constructivist principles is also provided to address
ambiguities surrounding the concept of constructivism as an educational
practice.
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and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Present-day educators perceive the learner as an actor (rather than a recipient)
who plays a vital role in the learning process. This perception is represented by the
shift of focus from the teacher-centered to the student-centered approach charac-
terizing the twenty-first century education model [1]. The student-centered approach
is a teaching model based on “constructivism”–a learning theory that concerns itself
with the cognitive and socio-linguistic conditions underlying human learning [2–4].
Constructivist educationists view learning as a meaningful process of effortful
construction of knowledge whereby the learner brings past experiences and cultural
concepts to the learning situation. The process is mediated by the teacher, who
creates opportunities for the learner to actively build newly received information on
existing knowledge [5–7]. In such a learning environment, the teacher’s assistance
should not exceed scaffolding – providing the guidance that the learner needs in
order to understand a given learning task and start working on it [2].

In this way, the learner’s existing linguistic experience (which is the vehicle of
all experiences) may be described as a prerequisite to constructivist practice. This
point can be clarified through such cognitive linguistic theories as Conceptual
Metaphor Theory (CMT) [8] and the Lexical Constructional Model (LCM) [9].
CMT depicts language as a reflection of thought patterns representing speakers’
experiences. Take the English expression “I can’t afford the time” as an example.
This expression reflects the conceptual metaphor “TIME IS MONEY,” a thought
pattern of the “A is B” structure deriving from the way time is dealt with in English
society. In Piagetian constructivist terminology [3], learning is organizing new
information within or in relation to existing thought patterns (as elaborated on in
the section to follow). The LCM, however, deals with thought patterns as con-
ceptual constraints governing the construction and interpretation of meaning. For
example, in the sentence “The audience laughed the actor off the stage,” the verb
“laugh” integrates into “the caused-motion construction.” The LCM shows this
integration to be licensed by the metaphor “AN EXPERIENTIAL ACTION IS
AN EFFECTUAL ACTION,” considering that an action’s psychological or emo-
tional impact can be structured/understood in terms of a physical impact. Meanings
that become conventionally associated with a structure are inferences interpreted at
the pragmatic level. An example of this is a rhetorical question like “Who was in
my room?” which English speakers interpret as a complaint [9–11]. Graphical
Abstract is a simplified sketch of meaning construction and interpretation from the
perspective of the LCM.
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Cognitive linguistic theories like the ones mentioned above may be said to
complement Vygotsky’s theory of social constructivism [4] in that they show how
knowledge as the product of the learners’ interaction with their environment is
organized as thought patterns that shape the way the speakers of a language think
and express their thoughts. Hence, if a constructivist practice is a matter of
developing the learner’s existing thoughts, then the learner tongue needs to be
accorded importance in this practice. The point here is that the observation that
constructivist instruction can take the student to higher levels of critical thinking
and problem solving and improve their attitude towards learning [1] is only valid
when the medium of instruction is not foreign to the learner. Constructivist tech-
niques require the learner to take the mental action of restructuring existing thought
patterns or creating new patterns. It is only through this kind of action that the
learner’s thinking can develop. This, in turn, is only possible through the learner
tongue. The term “learner tongue” is used in a very broad sense in this study to
include any language (not only the mother tongue) acquired at an early age in a
natural setting. The following report on some research in the area shows the
effectiveness of using the learner tongue in primary education:

… children in school learned to read quickly and fluently because … the songs, poems and
rhymes were taught in Ibanag… [one of the native languages used in the northern most part
of the Philippines]… children enjoyed playing, singing with local instruments like coconut
shell and improvised tambourines, dancing, dramatizing, writing paragraphs and simple
essays. Thus, children are able to understand the lesson, think well, argue well and ask
questions properly and critically [12, p. 2].

The present study is not concerned with issues related to the language of
instruction per se [13]. Rather, it aims at contributing to work that attempts to clear
ambiguities surrounding the idea of constructivism in practice. Windschitl [14]
pointed out the equation of the constructivist practice with the insertion of discrete
instructional techniques (inquiry learning, problem-based learning, etc.) into any
learning environment [14]. This fact signals a distorted understanding of the
practice [15], considering that it is a culture that modifies all aspects of the learning
environment, from student–student/teacher-student interaction to the subject matter
experience and assessments [16]. The study adds to the elaboration of this point by
drawing attention to the learner tongue as a vital component of constructivist
classroom culture. What triggered the study is the emergence of higher education
programs that immerse students in a foreign language without providing sufficient
training in that language or even contextualizing the instructional materials. Such
programs are inappropriate environments for embracing constructivist instruction
for a twofold reason:

i. the language of instruction is foreign to the minds of the students; and
ii. not all students are good language learners.
Based on findings of research on foreign language learning, Petriciuc [17] noted

that:
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It turns out that in a classroom setting there is more learning about the language, than
learning the language itself [17, p. 28] (i.e., as a system of communication for communi-
cating and developing thoughts).

In this way, the foreign language classroom lacks the linguistic dimension
necessary for embracing constructivist instruction. This observation can be sup-
ported by the development of the field of English language teaching (ELT). As
shown in Fig. 1, although this development represents a departure from gram-
matical, teacher-centered approaches to cognitive and socio-cultural, or
student-centered, approaches [18, 19], it is still rooted in traditional instruction in
the sense that it incorporates constructivist techniques (problem-solving tasks) into
didactic instruction fostered by textbooks. In such an environment, the teacher can
go way beyond scaffolding students’ learning by conveying the information they
need to do the task. In addition, teaching textbook tasks is not different from the
traditional “one-size-fits-all” approach. Such an approach does not create a con-
structivist learning environment where different individuals are involved in
decision-making [20].

Work in the field of ELT may well be described as built on the same distorted
understanding affecting the establishment of a constructivist classroom culture (i.e.,
inserting constructivist techniques into any learning environment), but with the
added element of language foreignness which can strip any constructivist technique

Fig. 1 The development of ELT methodology
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of its main function (i.e., creating conceptual development and change in the
learner). This is reflected in the large body of literature available to practicing and
trainee teachers of English as a foreign language in that it is composed of studies
examining the effectiveness of discrete constructivist techniques (story-telling,
games, discussion, role play, etc.) for developing learners’ language skills, treating
these techniques as teaching strategies rather than tools for creating a constructivist
classroom culture.

The section to follow introduces constructivism as a theory of learning/teaching.
Then, the challenges of establishing a constructivist classroom culture are intro-
duced. A comprehensive model of constructivist instruction follows this. The model
is abstracted from the teachings of the Quran. The reason why the Quran
methodology has been chosen is that it is congruent with scientific research on
human learning and is, therefore, a representative sample of ideal constructivist
practice. It is shown that the model treats the learner tongue as a prerequisite to
knowledge construction. The study ends with a summary of points.

2 Constructivism

Constructivist positions may be described as developments of the following stance:

[L]earning is a process of constructing meaning; it is how people make sense of their
experience [21, p. 260].

The attention given to the role of the learner in the process of constructing
knowledge is often attributed to the Piagetian [3] or Chomskyan view of the learner
as an epistemological subject [22, 23]; that is to say, as Noddings [24] put it, as:

an active knowing mechanism that knows through continued construction [24, p. 9].

Windschitl [14] described the process of continued construction as involving
intellectual transformations that:

occur when students reconcile formal instructional experiences with their existing knowl-
edge, with the cultural and social contexts in which these ideas occur, and with a host of
other influences that serve to mediate meaning [16, p. 752].

Such a conceptualization of learning has three dimensions: radical, cognitive,
and social. The radical dimension of constructivism:

breaks with the foundations of empirico-realism, which claims to encode reality in terms of
substances and phenomena which are independent of the observers involved. So doing, it
challenges age-old beliefs which maintain that facts speak for themselves, and that lan-
guage objectively refers to this reality [25, p. 5].

This means that meaning/knowledge is not discovered but subjectively con-
strued by the individual learner based on experiences, ranging from everyday
observations to scientific knowledge [6, 26–29]. However, the cognitive dimension
of constructivism is concerned with how learners actively construe knowledge.
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Piaget [3] showed that learning is an adaptation process that occurs by solving
problems. The process is a two-stage learning activity that involves the assimilation
and accommodation of new interactions with the world. Assimilation is the stage of
changing, modifying, or merging new knowledge in mind to fit into existing
thought patterns (or schemas), a process that can involve “overgeneralisation” (e.g.
all round objects are balls). As for accommodation, it is the stage of modifying
existing schemas to include the new information (e.g. not all round objects are
balls; they need to be organised under different or new schemas). This stage of the
adaptation process is examined in other traditions as involving “categorization”
based on “family relationship” and “degree of resemblance to a prototype” (e.g., the
category of birds) [30, 31].

Vygotsky elaborated on Piaget’s learning theory by adding a social dimension to
human learning [4]. Vygotsky explored the role of social interaction in cognitive
development, showing that the focus should not be on the individual child acting on
his environment, as Piaget suggests, but on “the child as a product of social
interaction.” This means that knowledge is handed down from the “experienced
adult” to the “inexperienced child.” These beliefs necessitate the following two
principles [4]:

i. the More Knowledgeable Other (MKO), anyone who has more knowledge than
the learner (e.g., a teacher, trainer, parent, or peer); and

ii. the Zone of Proximal Development (ZPD), an individual’s potential to learn. It
refers to what an individual can achieve with the help of the MKO.

A relevant concept to the ones mentioned above is scaffolding or learning
support that is gradually withdrawn as the learner’s ability to perform a task
increases.

Bruner [2] contributed to the development of constructivism by focusing on the
role of language in cognitive growth. Starting with the assumption that language is
the tool that adults use to mediate the world for children, he stressed the importance
of conceptual development for knowledge construction. Bruner identified three
levels for information processing, showing how physical experience is the basis on
which humans build conceptual knowledge:

i. enactive, it is referred to as the muscle memory level whereby learning is
dependent on direct handling of objects;

ii. iconic (from the age of one), this level is related to visual images (including
sound and smell images) considered as icons that the child recognizes for what
they represent; and

iii. symbolic (around the age of seven), this level refers to learning via language
that represents thoughts and experiences.

Considering these three modes of thinking, Bruner suggested that any teaching
program should take the learner from the more concrete to the more abstract and
then to the symbolic in a graded manner.
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Clearly, constructivism is a complex learning theory and, therefore, imple-
menting it in the classroom requires not only teachers that understand its principles
but also autonomous learners and supporting administrators. As shown in the fol-
lowing section, these facts have been considered in the literature as challenges
impacting the establishment of a constructivist classroom culture.

3 Constructivism in Practice

Windschitl [14] built a framework of challenges that face teachers who attempt to
embrace constructivist instruction using four frames of reference: conceptual,
pedagogical, cultural, and political dilemmas. Outlining the sources of these
dilemmas, he wrote:

Conceptual dilemmas are rooted in teachers’ attempts to understand the philosophical,
psychological, and epistemological underpinnings of constructivism. Pedagogical dilem-
mas for teachers arise from the more complex approaches to designing curriculum and
fashioning learning experiences that constructivism demands. Cultural dilemmas emerge
between teachers and students during the radical reorientation of classroom roles and
expectations necessary to accommodate the constructivist ethos. Political dilemmas are
associated with resistance from various stakeholders in school communities when institu-
tional norms are questioned and routines of privilege and authority are disturbed [14,
p. 132].

These dilemmas are, in turn, attributed to the unavailability of constructivist
explanations that cohere with widely applicable instructional models [6, 24]. In an
attempt to clear ambiguities surrounding the concept of constructivism in practice,
Windschitl [14] provided the suggestions in Box 1 below bringing together con-
structivist views on human learning and types of classroom activities that are likely
to optimize meaningful learning opportunities.

Box 9.1

Windschitl’s [14] suggestions for sustaining a constructivist classroom culture
[14, p. 137].

• Teachers elicit students’ ideas and experiences in relation to key topics,
then fashion learning situations that help students elaborate on or
restructure their current knowledge;

• Students are given frequent opportunities to engage in complex, mean-
ingful, problem-based activities;

• Teachers provide students with a variety of information resources as well
as the tools (technological and conceptual) necessary to mediate learning;

• Students work collaboratively and are given support to engage in
task-oriented dialogue with one another;
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• Teachers make their own thinking processes explicit to learners and en-
courage students to do the same through dialogue, writing, drawings, or
other representations;

• Students are routinely asked to apply knowledge in diverse and authentic
contexts, to explain ideas, interpret texts, predict phenomena, and con-
struct arguments based on evidence, rather than to focus exclusively on the
acquisition of predetermined “right answers;”

• Teachers encourage students’ reflective and autonomous thinking in
conjunction with the conditions listed above; and

• Teachers employ a variety of assessment strategies to understand how
students’ ideas are evolving and to give feedback on the processes as well
as the products of their thinking.

Note that there is no mention of the language of instruction in Windschitl’s
suggestions. This may be due to the fact that the national language is presumed to
be the only language of instruction, particularly in Western countries. Bilingual
education is available to the children of immigrants to these countries, but as a
transitional stage to their enrollment in the regular instructional programs [16].

Quran methodology, however, treats the learner language as a prerequisite to
knowledge construction. As the following section shows, it is a model of con-
structivism in practice in which all aspects of what can be described as a con-
structivist instruction culture play complementary roles.

4 Constructivist Principles in Qur’an Teachings

Quran teachings may be described as incorporating all three dimensions of con-
structivism: radical, social, and cognitive. The three dimensions overlap in the sense
that they consist in mediating the world for readers triggering them to build
knowledge of the unknown/unobservable in terms of concepts representing existing
knowledge and observable reality. This is analogous to Bruner’s suggestion that a
teaching program should progress from the more concrete to the more abstract and
symbolic.

Figure 2 represents the themes under which Quran constructivism will be dis-
cussed. The discussion will demonstrate that the process of constructing knowledge
cannot start and complete successfully unless it takes place through the learner
tongue.
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4.1 Learning as a Mediated Process

Quran teachings demonstrate that human learning is mediated by knowledge
transfer from the MKO to the learner. God is the MKO for the prophets and humans
in the following verses:

And He taught Adam the names of all things [i.e. words]… [32].

taught humanity which they knew not [33].

There they found a servant of Ours, to whom We had granted mercy from Us and
enlightened with knowledge of Our Own [34].

An important point about the Quran is that it was descended in the language of
the people to whom the message of Islam was sent so that they understand it, as is
clear from the following verse:

Indeed, We have sent it down as an Arabic Qur’an so that you may understand [35].

However, the Quran, like the other Scriptures, is a wealth of information about
the unknown that is presented through observable realities. Such information does
not require only mental efforts on the part of the learners to be constructed, but also
an understanding of the scientific dimension embedded in the verses. Learners are,
therefore, guided to resort to the MKO if they find it hard to interpret Qur’an
teachings:

… And We sent not before you except men to whom We revealed [Our message]. So ask
the people of the message [i.e., former scriptures] if you do not know [36].

The Quran approaches the learner as a thinker with free will; he/she can choose
between learning and remaining ignorant. However, those who choose to remain
ignorant are not placed on a par with those who learn. In addition, consistent with
the radical dimension of constructivism (or the dimension concerned with the
subjective construal of reality), knowledgeable people are depicted as capable of
seeing facts that other people cannot see, as the verses below show:

Say, [O Prophet,] “Are those who know equal to those who do not know?” None will be
mindful [of this] except people of reason?? [37]

Fig. 2 Stages of constructivist instruction
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…Only those fear Allah, from among His servants, who have knowledge. Indeed, Allah is
Exalted in Might and Forgiving [38].

However, the process of knowledge construction (be it autonomous or mediated)
needs to be initiated in the learners’ language, as the following section
demonstrates.

4.2 Learning as a Process of Constructing Meaning

Understanding to lead to thinking development requires concepts that the learner is
familiar with. Considering learners’ ZPD, learning is dealt with in the Quran as a
process of meaning construction that is achievable through existing concepts and
thought patterns. Berrada [39, p. 19]showed that:

“the Qur’an resorts to reific metaphors—using concepts pertaining to some domains that
were very familiar to the people who first received the Qur’anic revelations in order to
delineate the less accessible notions of faith and the eschaton” [39].

Abstract notions related to faith (i.e., belief and disbelief) are mapped onto
familiar contrasting concepts like seeing and blindness, light and darkness, shade
and heat, and life and death, as shown in Table 1 [39, 40].

For notions related to the eschaton that are beyond the ability of man to
understand, analogies are used. In the verse below, for example, “resurrection” and
“bringing a dead land back to life” are presented as two analogous processes:

And it is Allah who sends the winds, and they stir the clouds, and We drive them to a dead
land and give life thereby to the earth after its lifelessness. Thus is the resurrection [41].

Note that the verse opens with an it-clause. From a grammatical perspective, this
clause emphasizes the known information contained in the relative clause that
follows. That is, starting the verse with the emphasis that it is God who brings a
dead land back to life, a statement in which the fact that a dead land can come back
to life is a familiar piece of information, makes it possible for the reader to
understand the process of resurrection and to believe in it as happening when God
wills. This involves adding “resurrection” to the learner’s schema of possible
events.

Table 1 Dichotomous concepts as sources for the Qur’anic concepts of belief and disbelief

Source Target Metaphor Example

Seeing/blindness
Light/darkness
Shade/heat
Life/death

Belief Belief is
seeing/light/
shad/life

“Not equal are the blind and the seeing,
nor are the darkness and the light, nor
are the shade and the heat, and not equal
are the living and the dead…” [62]Disbelief Belief is

blindness/
darkness/heat/
death
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The above examples demonstrate how the readers’ conceptualization of their
reality forms the basis on which Quran teachings are built. This aspect of Quran
constructivist instruction may lead to conceptual modification as it involves
(1) helping learners to accommodate new ideas or viewpoints within their existing
schemas and (2) stimulating cognitive conflicts that challenge existing beliefs, a
process whereby existing schemas cannot deal with new experiences causing dis-
equilibrium (in Piagetian terminology [3]) and subsequent conceptual modification.
However, the process can only occur effectively through the language in which
these experiences are organized. Some important Qur’an techniques that stimulate
cognitive conflict are examined below.

4.3 Learning as the Result of Cognitive Conflict

It is clear from the above that constructing Quran teachings requires critical reading
that considers both form and content. Most Quran lessons have implications that
need to be inferred via the following reasoning patterns:

• induction, specific to general,
• deduction, general to specific; and
• abduction, incomplete set of observations to the likeliest possible explanation for

the group of observations.

In this way, Quran teachings set an example of how effective knowledge con-
struction can be created by designing tasks that stimulate critical reading to be
extended to critical thinking. The aforementioned essential patterns of thinking are
activated in the Quran by such techniques as descriptions, narratives, and hypo-
thetical situations whereby words and grammatical structures play a vital role in
bringing about conceptual change. In their conceptual change theory, Posner et al.
[42] demonstrate that learning is a social process and that the restructuring of an
individual’s knowledge requires appropriate instructional techniques that enhance
learners’ curiosity, creativity, and development of thinking skills that are charac-
teristic of meaningful learning. This is the learning environment created by Quran
instructional techniques that foster conceptual change. The learner’s understanding
of the linguistic triggers in the techniques is vital for bringing about the change, as
shown below.

4.3.1 Descriptions
Quran descriptions focus on observable realities to prompt the readers to go beyond
what their eyes can see, forming concepts that can conflict with their existing ones.
For instance, in the example below, the perfect creation of the heavens, which is a
sign that people can see, is indicated to the addressees, challenging them to see any
breaks. Disbelievers are challenged twice to find any imperfection in the creation of
the heavens and shown that such a search is hopeless:
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[And] who created seven heavens in layers. You do not see in the creation of the Most
Merciful any inconsistency. So return [your] vision [to the sky]; do you see any breaks?
Then return [your] vision twice again. [Your] vision will return to you humbled while it is
fatigued [43, 44].

The observable reality (the perfect creation of the heavens) is indicative of the
perfect ability of the Creator. It is a specific premise that leads to the following
generalization: The Creator of the perfect heavens is Omnipotent. That is to say, the
teacher of the Prophet is not a human being, as some disbelievers said. The message
here is a response to the disbelievers’ claim reported in the following verse:

And We certainly know that they say, “It is only a human being who teaches the Prophet.”
The tongue of the one they refer to is foreign and this Qur’an is [in] a clear Arabic language
[45].

Two important points can be drawn from the above example. First, a full-fledged
interpretation of the verse requires knowledge of why the verse was descended. It is
intended to challenge an existing belief, and it can serve this purpose only when the
teacher and the students are aware of it. This is consistent with a constructivist
principle stating that the teacher should have prior awareness of the concepts
students bring to the classroom [46]. Second, the verse that reports the belief in
question equates teaching and learning with the learner tongue (which embeds all
kinds of knowledge). This equation also appears in the following verse:

And we did not send any messenger except [speaking] in the language of his people to state
clearly for them … [47].

All this means that effective learning and teaching start with employing the
learner tongue.

The importance of understanding the language of instruction for completing
constructivist tasks may be demonstrated by the verse below. The verse is a
description that reflects God’s omnipotence and management in his creation. At the
same time, reading the description requires understanding the task it includes:

And you see the mountains, thinking them rigid, while they are passing as the passing of
clouds. [It is] the work of Allah, who perfected all things. Indeed, He is acquainted with that
which you do [48].

This verse challenges existing beliefs about the mountains obtained from sensual
experience (i.e. the belief that mountains are stationary). It is, therefore, a premise
that can arouse readers’ curiosity or invite them to search for a generalization that
interprets the premise. The generalization required can now be found in the
observational astronomy literature that explores the orbiting of the earth.

The description in verse below is different because it gives a challenging
observation that can have more than one explanation (a case of abduction):

He released the two seas, meeting [side by side]; Between them is a barrier [so] neither of
them transgresses [49, 50].
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Scholars gave different interpretations to this observation, as follows [51]:

• an invisible barrier exists between rivers of fresh water and seas of salty water;
• a virtual barrier that results from the differences in density between fresh and

salty water prevents the rivers and seas from mixing by pushing against each
other; and

• the barrier is the dry land that prevents them from reaching the other.

Although all three interpretations are possible, different individuals will adopt
the one they see as more likely than the others.

Quran descriptions are learning tasks that require critical reading of form and
content. Critical reading is the first step to a critical exploration of the facts
underlying the description. Hence, Quran descriptions as constructivist tasks
demonstrate that the learner tongue (with the socio-cultural aspects it embeds) is
essential for embracing constructivist principles in education. The same applies to
Quran narratives.

4.3.2 Narratives
Quran narratives cover events from Creation to God’s judgment. However, they are
not simply stories with morals that focus on punishment and reward. They are
triggers that can enhance readers’ thinking and curiosity and challenge erroneous
beliefs. Words and structures play a vital role in making the narrative a construc-
tivist technique. The verse below, for example, narrates the story of Creation. The
details are introduced by an it-clause, emphasizing an observable reality:

It is Allah who erected the heavens without pillars that you [can] see; then He established
Himself above the Throne and made subject the sun and the moon, each running [its course]
for a specified term. He arranges [each] matter; He details the signs that you may, of the
meeting with your Lord, be certain [52].

Starting the verse with the emphasis that “it is Allah Who erected the heavens
without pillars that humans can see,” a statement in which the fact that the heavens
have no pillars is an already known piece of information, prepares the reader for
reasoning about the other indicated signs as evidence of God’s omnipotence (i.e.,
the creation and subjection of mighty entities like the sun and moon) referring to his
control over all matters and to the fact that there is nothing everlasting. Hence, the
opening statement is a specific premise that leads to the following generalization:
The Creator who erected the heavens without visible pillars is the unseen con-
trolling power of life and death. “He established Himself above the Throne” is
consistent with the omnipotence inference as “throne” represents power. The verse
challenges disbelievers’ conception of death as the end of life underlying such
speeches as the one reported in the following verse:

And they used to say, “When we die and become dust and bones, are we indeed to be
resurrected?” [53].
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Those who give thought will reach certainty about meeting God through res-
urrection. Other narratives create an apocalyptic discourse that can have the effect
of changing disbelievers’ concept of death from “the reaper of life” to “the gate to
the afterlife”, transforming the act of choosing the path of God into an immediate
necessity (before it is too late). Such narratives are tasks that provide the readers
with a learning opportunity involving decision-making. The narratives below focus
the reader’s attention on time’s end so that the mental images created through the
narratives share space and time with the here and now or on the termination of the
journey of life, which can be around the corner [54]. The grammatical structure, if
only–used in the narratives–instills in the readers the same feeling of regret to be
experienced by disbelievers in the afterlife. This feeling can make them reach
certainty about meeting God through resurrection and, hence, make them take
action or choose the right path before it is too late:

If you could but see when they are made to stand before the Fire and will say, “Oh, would
that we could be returned [to life on earth] and not deny the signs of our Lord and be among
the believers [55].

Or [lest] it say when it sees the punishment, “If only I had another turn so I could be among
the doers of good [56].

Quran narratives that provide conceptual change opportunities involving
decision-making are also framed within rhetorical questions. Consider the verses
below:

Have they not seen [as considered] how many generations We destroyed before them - that
they to them will not return? [57]

Have you not considered how your Lord dealt with ‘Aad -[With] Iram - who had lofty
pillars, The likes of whom had never been created in the land? And [with] Thamud, who
carved out the rocks in the valley? And [with] Pharaoh, owner of the stakes? -[All of]
whom oppressed within the lands; And increased therein the corruption. So your Lord
poured upon them a scourge of punishment [58].

The use of negative rhetorical questions to narrate known events, the morals of
which disbelievers cannot understand, is intended to stimulate readers to read
critically. Put differently, the narratives, which are specific instances of the gen-
eralization that God is the most Powerful, evoke in the reader's mind images of the
death and destruction of disbelievers, notwithstanding their power. Such images,
which can bring about conceptual and behavioral change, are likely to be evoked by
words and structures that readers can reason through.

4.3.3 Hypothetical Situations
Hypothetical situations can be demonstrated by counterfactuals. Quran counter-
factuals are of the form “if antecedent then consequent”–a form whereby a con-
clusion is drawn by assuming an antecedent to be true and verifying it by its
consequent [59]. In verse below, the counterfactual is part of a narrative:
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And when Moses arrived at Our appointed time and his Lord spoke to him, he said, “My
Lord, show me [Yourself] that I may look at You. [Allah] said, “You will not see Me, but
look at the mountain; if it should remain in place, then you will see Me.” But when his Lord
appeared to the mountain, He rendered it level, and Moses fell unconscious. And when he
awoke, he said, “Exalted are You! I have repented to You, and I am the first of the
believers”” [60].

The narrative is a counterfactual reasoning schema in which seeing God is con-
ditional upon an event that humans believe to be impossible (the mountain (being an
immovable entity) not to remain in place). The occurrence of this condition after
God’s saying, “You will not see me,” instills in the reader the belief that God can
move the mountain. The subsequent crumbling of the mountain confirms this belief.
Such a counterfactual can achieve its intended effect (i.e., convince humans to believe
in God, the Imperceptible Power, and surrendering to Him, as Moses did) if, and only
if, the readers appreciate the language used in the narrative [61].

The above Quran teaching techniques demonstrate how the learners’ linguistic
experience (as the vehicle of all other experiences) is vital for creating an effective
constructivist environment for learning. Through this experience, learners can read
critically, think critically, and take the right actions that reflect the conceptual
development and change the learning tasks created in them. Effective tasks can be
of any genre, from descriptions to hypothetical situations rather than straightfor-
ward questions or statements. Straightforward questions and statements may well
motivate learners’ curiosity and provide them with a meaningful learning envi-
ronment but at the expense of developing their individuality and critical reading and
thinking skills. The topics of tasks should also be structured in terms of the learners’
observable reality and conceptualization of this reality. Such an effective con-
structivist learning environment can only be established through the learner tongue.

5 Conclusion

This study highlights the importance of the learner tongue in establishing a con-
structivist classroom culture. Attempts to establish this culture through a foreign
language have been considered under Windschitl’s [14] conceptual frame of ref-
erence where the distorted understanding of constructivist instruction is shown to be
reflected in the insertion of constructivist techniques into any learning environment
[2]. Drawing on insights from cognitive linguistic theories like the LCM and CMT,
it has been noted that the learner tongue is vital for embracing constructivist
instruction because it is the language through which learners conceptualize and
organize their experiences and constructivist learning is a matter of restructuring
these experiences. A model of proper application of constructivism in which all
constructivist principles play complementary roles, particularly the learner tongue,
was provided.
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The study does not argue for the abandonment of foreign languages in education.
Rather, it draws attention to the unsuitability of the foreign language environment
for embracing constructivist instruction. Learning academic subjects in a foreign
language is a positive thing needed to enable students to function in their areas
beyond the borders of their countries. However, the solution is not to use a foreign
language as the main language of instruction but to incorporate some foreign
language courses into regular educational programs.

Core Messages

• Embracing a constructivist education model faces challenges, particularly
when the language of instruction is foreign to learners.

• A proper application of constructivist practice rests on treating the learner
tongue as a prerequisite to knowledge construction.

• Learning content in a foreign language is needed to enable students to
function in their areas beyond the borders of their countries.

• Producing good graduates–graduates who had the opportunity to construct
knowledge through their language–remains a priority.
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on Local Culture to Achieve
Super-Smart People
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Twenty years from now you will be more disappointed by the
things that you didn’t do than by the ones you did do.

Mark Twain

Summary

The development of industrial revolution 4.0 supports the creation of a
super-smart society 5.0. Every individual has the opportunity to become a
member of that society. They are individuals who have Twenty-first-century
skills and competence as super-smart people. This chapter discusses thinking
super-extended trans based on local culture to achieve super-smart people. We
have examined various studies substantially in mathematics education, given
that mathematics is a basic science that serves science and technology. We
explain that super-smart society 5.0 comprises individuals with a super-extended
trans character.
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and put it in place in the puzzle according to the clues provided in chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Science concepts are built on observation and experimentation by measuring
knowledge through scientific thinking, problem-solving, critical thinking [1], and
creative and innovative thinking. The cognitive theory views individuals as active
information processors who can represent any information that matches the body of
knowledge. Such a knowledge representation is structured in the form of a frame,
schema, or script that is stored in long-term memory [2–5]. It is a genetic
decomposition [6].

Genetic decomposition is the structured assemblage of a person’s mental
activity. It represents forming and achieving mathematical concepts and principles
in the memory system [7–9]. The collection is represented in actions, processes,
objects, and schema (APOS) [10]. Action is a procedural activity to change an
object physically or mentally [11]. It is an activity to respond to stimuli received
from outside, namely a detailed statement of the steps that must be carried out [12].
Interiorization is a change in procedural activity by increasing one’s cognitive
structure. The indication is to carry out an activity internally by reducing physical
activity. It is the reduction of dependence on physical objects and the increased
utilization of mental activity in one’s mind.

In mathematical thinking activities, Dubinsky and Mcdonald [6] provide several
concepts related to cognitive activity. If all actions can be placed in the individual’s
mind or imagined without carrying out the particular stages, then action after being
interiorized becomes a process. A person performs internal activities that do not
always come from external stimuli. It is a stage that is carried out implicitly.
Encapsulation is the process of producing an object. It is a function of mental
transformation in the cognitive interaction of a process on a cognitive object. If the
process itself is transformed by some action, there will be an encapsulation that
matches an object. It forms a unity from encapsulation in several processes to the
thematization process. Thematization is a mental construction of the interconnec-
tion of actions, processes, and objects in such a way as to produce other objects.
The activity generates a schema. It is a comprehensive entity of disparate objects
constructed through cognitive interaction and capable of generating mature sche-
mas. A mature schema is a system that contains integrated actions, processes,
objects, and other schemas that are stored in the body of knowledge. It occurs as
something synthesized by the individual in the form of a structure that is used to
deal with a particular problem situation—also, a person’s conception of mathe-
matical objects and other parts related to problem-solving. People with a mature
schema can solve problems related to the objects that make up the scheme. They
can solve problems using rules, not by registering anymore. Schematic behavior is a
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pattern of interrelated ideas that appear clearly linked in a person’s mind. This is a
schema development in the context of APOS theory. It is used by someone to
respond to a problem. This pattern will be represented in the form of a list of
schema developments that are expressed as a response to the problems faced. They
are coherent activities of actions, processes, objects, or schemes. It is a result of
genetic decomposition analysis.

2 Level of Thinking Based on Genetic Decomposition

Based on genetic decomposition, thought processes are classified into certain levels.
Schema development can be achieved through the theorizing process, which, in
turn, takes place within a fixed comparative analysis [13]. The basic levels of the
thought process are [14]:

i. APOS-based triad level (action-process-object-schema) [11];
ii. APOS-based triad levels about mathematics [6]; and
iii. APOS-based double triad on graph sketching of non-routine functions [15]

Building a theory about cognitive processes is done by synthesizing various
related theories and making restrictions on the theory to be built. Before concluding
the character of the cognitive levels, we will first determine the limitations of this
theory. This area of cognitive thinking is the development of schemas of calculus
concepts and principles. Meanwhile, the analytical tool to determine the scheme’s
development is genetic decomposition analysis, which is an analysis based on the
APOS theory.

We conducted research from 2003 to 2016 on cognitive processes for calculus
content. It is a substantive theory in schema development in understanding calculus.
These levels are:

i. level 0 (intra-level): individuals entered at this level can only carry out an
action, a process, or an object separately and cannot establish a relationship for
that action, process, or object;

ii. level 1 (semi-inter level): individuals entered at the semi-inter level can only
carry out an action, a process, or an object, but they can only perform actions
and processes of the same nature;

iii. level 2 (inter-level): individuals entered at the inter-level can construct
action-process-object linkages of several related properties to form a premature
schema. However, in the formation of the premature schema, it does not use an
earlier scheme that has been previously owned (no retrieval of the previous
schema);

iv. level 3 (semi-trans level): individuals entered at the semi-trans level can
construct action-object-process linkages so that a part of the mature schema is
formed (premature schema). In the formation of the premature schema,
someone may use the initial schema (retrieval of the previous schema); and
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v. level 4 (trans-level): individuals entered at the trans-level can build mature
schemas based on the interrelationships between actions, processes, objects,
and other schemas in the body of knowledge. The scheme can be used to solve
the problem. The important functions and characteristics of a mature schema
are used to decide about the objects included in the schema.

We found seven cognitive models of the concept of real analysis among
students:

i. pre-intra-level;
ii. intra-level;
iii. semi-inter-level;
iv. inter-level;
v. semi-trans-level;
vi. trans-level; and
vii. extended-trans-level [16]

Also, there were six levels of students’ abstraction ability:

i. level 0: concrete objects;
ii. level 1: semi-concrete models
iii. level 2: theoretical models;
iv. level 3: the language in the example domain;
v. level 4: mathematical language; and
vi. level 5: the inference model

Altogether, our study proposed seven extended levels plus triad plus (consisting
of five triads + levels plus two new levels) [8, 9, 16, 17]. The character of each
level of the triad plus is described as follows.

2.1 Extended-Trans-Level

In addition to being in the trans-level, individuals who enter this level can build new
structures by using their mature schemes. These individuals are ready to welcome
the super-smart 5.0 society. They are characterized as solid–people who can learn
individually, both virtually and online, through information and communication
technology.

2.2 Trans-Level

Individuals in the trans-level can build a mature schema to be stored in long-term
memory. They possess a mental activity related to other actions, processes, objects,
and schemas helpful in improving academic skills and solving problems. Hence,
they become prepared to enter the super-smart society.
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2.3 Semi-Trans-Level

Individuals in this level can construct action-object-process linkages to form a
premature schema. In the formation of the premature schema, there is a possibility
that someone will use the initial schema (retrieval of the previous schema).

2.4 Inter-Level

Individuals in the inter-level can construct action-process-object linkages with
several related properties to form a premature schema. However, in the formation of
the premature schema, it does not use the previously owned scheme (no retrieval of
the previous schema).

2.5 Semi-Inter Level

Individuals in the semi-inter level can perform actions, processes, or objects;
however, they only coordinate actions and processes in the same nature.

2.6 Intra-Level

Individuals in the intra-level can only perform an action, process, or object sepa-
rately and cannot establish a relationship for that action, process, or object.

2.7 Pre-Intra-Level

At this level, individuals can only perform actions separately and cannot interiorize,
so they remain unable to reach the process or object.

These levels are hierarchical and functional. Students have been able to
understand certain mathematical concepts mapped to exactly one level. In certain
conditions, they can take advantage of their ability to solve problems, think criti-
cally, think creatively in the domain of conceptual understanding to meta-cognition
abilities. These students in the extended trans level are capable of inference level
abstraction. Combining these two abilities can make it easier for humans to apply
skills that can meet individual traits in industry 4.0 and twenty-first-century skills.
Hence, they can be a member of super-smart society 5.0.
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3 Super Smart People: Super Extended Trans of Thinking
Levels

The ability to understand a concept or principle depends on cognitive processes.
Everyone has an information processing system. Through this system, they can
process the information they receive actively. Individuals can produce a body of
knowledge according to their level of cognition. Information stored in long-term
memory is in the form of codes, which are arranged in an active structural network
[4]. The word “active” implies that the structure consists of data and processes [18].
The structural network includes several points which are connected by several
relations. Each relation has a label and a direction. A relation connects two points
depending on the label and the direction. The memory system uses this relation as a
logical code linking the points.

The super-smart society framework requires a humanistic approach [19]—so-
ciety 5.0. consists of super-smart individuals who play an important role in
advancing and discovering technology in various fields. Those are the internet of
things (IoT), artificial intelligence (AI), cyber-physical systems, virtual reality
(VR), augmented reality (AR), big data, digital transformation (DT), etc. Gladden
[20] explains that those in super-smart society are humans and robots
(non-humans). If viewed qualitatively, they are different from each other. Some
dynamics can be conceptualized that can shape the membership of society 5.0.
Also, describing membership of a super-smart society is different from before (i.e.,
society 1.0 to society 4.0). However, the characteristics of candidate members of
society 5.0 have analogies to those of previous societies because the social char-
acteristics of past societies can explain the unpredictable nature of society 5.0.

The Japanese government has developed the society 5.0 program. This is a very
prestigious policy. Super-smart society is designed to provide solutions and address
all economic and social problems in Japan and the world. It takes advantage of
Japan’s technological advances and trading capabilities and provides a mature and
futuristic-looking strategy. Japan has a strong determination and foundation to carry
out a technological revolution. Super-smart society 5.0 is a great vision of the
Japanese government, business people, and academics. They combine advanced
technological systems in various fields for the benefit of humankind [21].

According to Alhefeiti [19], reaching society 5.0 is a new goal through tech-
nological perspectives and the necessary economic growth for many people. In the
Japanese industry, various activities have started after disclosing the concept of
society 5.0, especially in the academic field. This initiative will benefit from
community 5.0, enabling it to tackle such community development challenges as
technical problems and their effect on the economic status of a country.

To create a super-intelligent society, reliable human resources are needed. They
are AI engineers knowledgeable about the latest technology, data scientists,
cyber-security experts, and entrepreneurial-minded people [22]. This can help provide
a clear vision of the impacts of community 5.0. The path to super-intelligent society
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stems from the role of technology in various fields such as the internet, AI, the
physical system of the internet, AR and VR, and data mining [19].

Efforts to improve the appropriate learning environment are needed for
super-smart people. It is intended to focus more and more on creative work in
super-smart societies. The arrangement of the learning environment should start
from pre-school to college programs. In preparing a super-smart society to antici-
pate changes and respond to them quickly, higher education must be reformed in
various ways to ensure no mismatch exists between the human resources needed by
the company and the human resources fostered by the university [22].

In facing super-smart society 5.0, the world of education must prepare students
who are high in three abilities: problem-solving, critical thinking, and creativity
[23]. Students must have high-level cognitive abilities. Their ability can be seen
from their maturity and readiness to face a problem and solve it. This requires
mature schemes that are stored in long-term memory. Students should make
interconnections between these schemes into an integrated sequence. It is a cog-
nitive process that combines recognizing, building, and constructing [24]. It is a
process of abstraction. In mathematics learning, abstraction is a process for con-
structing mathematics vertically in a mathematical structure. It is the communal
extraction of a set of examples and their corresponding categorization. The
abstraction process is a mental activity to collect mathematical objects that priori-
tizes the similarity of characters and relationships between these objects. The result
of abstraction is a set of all objects that can distinguish properties and observe
different relationships. This abstraction process is a decontextualization process by
ignoring the object and some of its characteristics and relationships. The abstract is
seen as intrinsically different from the object in the cognitive approach, so it cannot
be accessed directly.

Our research has found that students can reach the extended abstract level [25].
Such students can make several possible correct conclusions, interpret concrete
facts, and design appropriate responses apart from the context. It is done using
abstract principles. Students do it consistently so they can build new structures.
Also, we found that students can establish interconnections between components of
genetic decomposition: interiorization, encapsulation, and thematization activities
in the memory system. Students can carry out abstraction, idealization, and gen-
eralization through actions, which are interiorized in the process, encapsulated
through objects, and thematized into a schema in the body of knowledge. It is done
by selecting a procedure, operating it in a system, and applying concepts and
principles to problem-solving. Students can build mature schemas in these mental
activities and solve mathematics problems and other problems. Also, they can
construct new structures based on those mature schemas, make conjectures and
prove them, and create new concepts and arrange them in an axiomatic deductive
structure.

In facing a super-smart society, individuals get a new character in solving
problems that is a super extended-trans character [18], with a variety of cognitive
styles (field-dependent and field-independent) [26], predicative-functional cognitive
structures [27], and the ability to literate big data and take advantage of AI. They
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are always connected to the IoT, VR and AR, and DT and handle everything with
digital money (blockchain).

The cognitive model is a source for intelligent behavior of students in entering
the super-smart society 5.0. It also has a role in forming cognitive structures [27].
Students’ cognitive structure has a positive relationship with the ability to under-
stand mathematical concepts [28]. Cognitive structures also positively affect
mathematics solving abilities [29]. These results mean that cognitive models and
cognitive structures make a positive contribution to improving twenty-first-century
skills [18].

Twenty-first-century skills are challenging and must be developed: critical
thinking, creativity, problem-solving, metacognition, motivation, collaboration,
awareness, self-efficacy, fortitude, and persistence [30]. These skills can be
achieved through learning. It should be considered in the curriculum, teaching
standards, student assessment, professional development, and learning environment
[31]. The implementation is that each subject incorporates twenty-first-century
skills into the syllabus and lesson plans.

4 Local Culture for Mathematics Learning

Mathematics is a compulsory subject for high school students. It is a vehicle for
developing logical thinking skills [32, 33]. It is an educator’s effort to improve
twenty-first-century skills. These abilities are critical and creative thinking, inno-
vativeness, collaboration skills, problem-solving, and communication skills. That is
the capital to become a member of the super-smart society 5.0.

Local culture is a builder of human character. Strengthening character through
local culture can help develop thinking skills. Local culture is one vehicle for
compiling mathematics teaching materials. It is a hands-on activity of students in
learning mathematics [32, 34–45]. Culture-based mathematics began to develop
rapidly. These are often called ethnomathematics [36]. Ethnomathematics is an
effort to study aspects of mathematics in a certain society’s culture. It is a school
mathematics concept linked to students’ everyday experiences and culture.
Learning mathematics through an ethnomathematical approach can improve
mathematical understanding skills. The ethnomathematics approach can develop
students’ academic potential, self-confidence, social skills, thinking intelligence,
emotional control, and mathematical communication skills. Also, students can use
their local culture to represent their knowledge, skills, and affections [37].

Mathematics learning must be based on cultural diversity. It should be applied in
mathematics class. Ethnomathematics is culture-based mathematics. It must be
integrated into mathematics class. Learning mathematics through an ethnomathe-
matical approach provides a good provision for students’ multicultural under-
standing of mathematics. It has been able to improve students’ greater interest in
understanding mathematics [38].
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According to [39], mathematics is a valuable aspect of human understanding.
Mathematics education plays a role in improving the understanding of mathematics
for everyone. People in society create culture as a form of crystallization of their
activities. It shows that people can teach through their culture. Therefore, ethno-
mathematics plays a role in mathematics education and helps change the paradigm
of mathematics teaching.

Mathematics educators are expected to manage the complexities of society’s
culture in the teaching and learning process in the classroom. Therefore, the eth-
nomathematical approach becomes an important strategy in learning mathematics.
Students are active in learning mathematics in a meaningful way by exploring
aspects of mathematical literacy. Ethnomathematics is used as an appropriate
alternative, based on an implicit philosophy of school mathematics practice [40].
Ethnomathematics is developing rapidly when it is associated with the mathematics
teaching and learning process [41].

Grounded mathematics learning can be linked informally to context and culture.
Learning through contextual media that is appropriate and in accordance with the
needs can increase student creativity. It can also improve the ability to achieve
mathematical concepts and principles. In this context, the learning approach can
improve student learning mastery. Contextual learning media helps students con-
struct assumptions through cognition patterns. That is for the process of achieving
the concept. It is a trajectory of learning mathematics to formal mathematics
through a process of vertical mathematization. Through culture-based learning, it
was found that the majority (>82%) of junior high school students were able to
rediscover mathematical concepts or principles. They have been able to apply
critical and creative thinking skills. Students can write definitions of the concepts
found (78%), and 86.5% of students classically have completed learning mathe-
matics. The genetic decomposition of students experienced a good improvement
until there were 14% of students who reached the extended-trans level. Also, they
have been able to generate new mature schemas and store them in system memory.
It is an achievement of good cognition of mathematical concepts and principles
[42]. This is a form of achievement of twenty-first-century mathematics skills.
Students have been able to solve problems and think critically and creatively.

Students who learn through the ethnomathematics approach excel in achieve-
ment and retention than those taught using conventional approaches. This shows a
significant difference in the average academic achievement scores and knowledge
retention between students taught by ethnomathematical and conventional
approaches [36]. They recommend training mathematics teachers on implementing
ethnomathematics in mathematics learning in schools. It aims to make learning
meaningful, relevant, and interesting. Therefore, ethnomathematics has high ben-
efits from a multicultural perspective. It is also useful in developing the school
mathematics curriculum [44].

Teaching geometry in a socio-cultural context has developed the teaching
competence of multicultural groups. It has helped students significantly improve
their content and pedagogical content knowledge in geometry. They have been able
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to understand the importance of ethnomathematics learning activities related to
student culture and other cultures [45].

Local culture-based learning can be used to generate mathematical arguments in
the classroom. Local culture has been included in the mathematics syllabus. It can
also create new mathematics terms in the local language as a mathematics textbook
preparation and class activities [46]. Thus, ethnomathematics becomes the right
vehicle for the mathematics learning approach. Teachers must start compiling
syllabus, lesson plans, teaching materials, and learning media based on local cul-
ture. It is to help students achieve mathematical competence and twenty-first-
century skills.

5 Levels of Thinking Super Extended Trans Through Local
Cultures

Education experts state that many teachers still apply twentieth-century learning,
even most schools are still managed like nineteenth-century school management.
Even though today is the twenty-first century with a super-smart society [47], this is
a challenge for science and mathematics educators to enlighten teachers. Incorpo-
rating twenty-first-century competencies in curriculum and education for every
subject has become an important issue worldwide [48]. This means that the edu-
cational curriculum at every level must be designed to build holistic individuals and
achieve twenty-first-century skills. Therefore, each level of education has a mission
to create individuals who have the character of super-smart people. Students who fit
are those who have a super extended trans thinking level.

To align education with culture is a necessity. It was an act aimed at strength-
ening character. We give examples of research results that have successfully uti-
lized local culture to strengthen students’ character in learning mathematics. During
mathematics learning with an ethnomathematics approach, we found Andun dance
to be the starting point for learning mathematics to achieve the concept of function.
This is a horizontal mathematical process. Andun dance is a traditional dance
originating from South Bengkulu, Indonesia. It is a social dance often performed in
a series of weddings. The dance is a group dance performed by single men and
women. It is a dance from the ancestors and is one of the most famous traditional
dances in South Bengkulu [32]. Based on students’ initial knowledge about the
dance, in this study, students could use it as a starting point to simplify the concept
of function from a very general definition to a more straightforward definition. Also,
students used the Andun dance as a starting point for contextual learning that is the
application of an ethnomathematical approach. Through horizontal mathematiza-
tion, students could make a formal definition of the concept of a simplified function
using ordered pairs of dancers. It is a concept image. They were very active in
collaborating in the learning process. Finally, students could find the concept of
function formally through vertical mathematization.
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People manage the information they receive through a processing system. They
receive information, process it, store it, and recall it for further processing. Eth-
nomathematics is a vehicle for learning that has improved students’ cognitive
processes reaching the super-extended level. Our other research found that
low-level students have enhanced critical and creative thinking skills. They could
reach the inter-level and coordinate two or more actions. This genetic decompo-
sition allowed these students to understand mathematical concepts through ethno-
mathematical learning and higher-order thinking processes. Before studying
through the ethnomathematical approach, these students were at a low level (i.e.,
intra or pre-intra level) [8]. Through an ethnomathematical approach, the ability to
achieve and implement mathematical concepts was higher than students who
learned through a direct learning approach [49]. Students’ mathematical
problem-solving skills have increased after participating in mathematics learning
through ethnomathematical approaches and outdoor learning [50]. Therefore, if you
have difficulty solving mathematics problems, one solution is outdoor learning with
the ethnomathematics approach.

Mathematics in a cultural context is a long-term response to the constant
exclusion of language, culture, and pedagogy. It has brought together parents,
mathematicians, mathematics educators, education researchers, teachers, and school
districts [51]. Ethnomathematics as mathematics is practiced among identifiable
cultural groups. It is a form of mathematicians who are aware of mathematics and
mathematics education’s social and cultural aspects [52].

Mathematics plays an important role in human understanding. Mathematics
education plays a role in improving the understanding of mathematics for everyone.
We need to change the mindset and function of mathematics in society. The eth-
nomathematics concept has become a vehicle and approach to making these
changes [39]. Mathematics education can be applied in schools through an eth-
nomathematics approach. Changing the ethnomathematics paradigm, scientists
gather empirical data on the practice of mathematics from culturally differentiated
groups, literate or not. The concept of ethnomathematics has been changed and
enriched, which affects the paradigm in learning mathematics. Ethnomathematics
becomes meaningful in every class because multicultural classroom arrangements
can be implemented in various nations and are diverse regarding ethnicity, culture,
language, social setting, gender, and so on [40].

The ethnomathematics approach has significantly improved students’ cognitive
level skills. Some students rise from the intra-level to reach the trans-level. Students
who have a trans-level can thematically arrange various components of genetic
decomposition, that is, APOS. Trans student schemes can be used as raw material to
understand problems, develop problem-solving plans, solve problems according to
plan, and define new problems. Such students can form a mature scheme [34] and
reach the inter-level through a two-level upgrade. They are well on graph sketches
of certain functions [53].

The implementation of mathematics learning through an ethnomathematical
approach positively impacts mathematical representation abilities. This learning,
combined with the inquiry learning model, can also improve students’ mathematical
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connection and representation abilities. On the other hand, students who are taught
using conventional learning have the mathematical representation ability better than
those taught using the inquiry learning model without an ethnomathematics
approach. It is shown that the ethnomathematical approach plays an important role
in improving students’ mathematical cognition abilities [54]. Thus, teaching
mathematics through an ethnomathematical approach positively impacts students’
mathematical representation abilities and other mathematical abilities.

In our country [55], students can learn non-Euclidean geometry, especially
Lobachevsky’s parallel axioms, with the starting point of real problems related to
local culture. It is the culture of the people of Bengkulu and surrounding areas
regarding fishing gear called Bubu. Students use the activity sheet to trigger their
cognitive process of understanding and achieving the principle of the parallel line.
The expected ignition is the Lobachevsky parallel line axiom. Students experience
increased cognitive processes about Lobachevsky’s geometry based on the local
Bubu culture. It is a reflection of high-level ability. These students can construct
parallel line features that they do not usually find in regular lessons [55].

Students using smartphones have their own culture. Mathematical thinking
processes are connection and communication, representation, and solving mathe-
matical problems [33]. Students can connect the graphic concept with the com-
munication culture using cell phones. They analyze the definition of graph G and
describe that G is a system that contains two sets, and the two sets are related to
each other. They state that the first set is a non-empty set. The first set contains the
dots. The second set contains the sides. Their definition will suffice if every edge in
the second set is an unordered pair of points from the members of the first set.
Therefore, the description became our inspiration to relate it to the students’ use of
cell phones. Each cell phone is associated with a dot. Meanwhile, the connection
between mobile phones is analogous to the sides in the second set. If two mobile
phones can be connected, it is represented by one side in G. If the phone has several
cards, it can call itself. It forms a loop in G. Mathematical thinking makes us
smarter, careful, and proficient in every problem-solving.

The thinking process of students is also improved by trying to provide answers
to the challenge of constructing the concept of graph G based on the connection of
several cellular phones [33]. The students formally formulated a graph definition
based on these cognitive processes. Each phone is represented by a dot. Each
connection between two sim cards is represented by one side; so also, if both sim
cards are in the same phone, they are represented by a loop. This is the achievement
of a graph concept.

The description above shows that, through local culture, students can achieve
twenty-first-century skills. That is a big asset to enter and compete in the era of
super-smart society 5.0. Such individuals have a strong character in achieving
super-smart people. That is what will become a member of the super-smart society
5.0. Furthermore, local culture can be the basis for learning science and mathe-
matics, such as students’ mathematical thinking processes to understand vector
concepts through an ethnomathematical learning approach and realistic
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mathematics education [56]. Researchers describe students’ cognitive processes
about infinite sequences through ethnomathematics in Bengkulu, Indonesia [8].

Thus, local culture-based learning can achieve the super extended-trans char-
acter. This is an effort to strengthen character education. Individuals can literate big
data, take advantage of AI, always be connected to the IoT, create with VR and AR,
as well as DT, and connect as a blockchain. It will all go to the super-smart society
5.0 [18].

6 Conclusion

In the era of super-smart society, it requires that community members have
twenty-first century skills. The curriculum must harmonize local cultural conditions
as the basis for education and competence in the twenty-first century. This is a
vehicle for strengthening education to achieve super thinking skills and preparing
individuals in the super-smart society 5.0. Super-smart people are individuals with
super extended trans characteristics.

Core Messages

• Science education in the era of 2026 to 2050 realizes the super-smart
society through local culture as a whole.

• The future of science learning is to combine student-centered learning,
anywhere, anytime, and virtually and real.

• The ethnomathematics approach can improve life skills in the era of dis-
ruption and serve as a reliable problem solver.
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11Integrated Science Curriculum
in the Unpredictable World

Abdurrahman Abdurrahman

Equipped with his five senses, human explores the universe
around them and calls the adventure Science.

Edwin Powell Hubble

Summary

Nowadays, an integrated science curriculum is necessary not merely for the
young generation to master the scientific content for advanced knowledge and
technology but also to reach more extension capabilities. The science curriculum
and learning contributed to the movement of human life from the hard skills to
the soft skills continuum. Good character building, caring, creativity, criticality,
responsibility, collaboration and communication, innovation, motivation,
self-confidence, and even endurance have become learning outcomes of science
learning in the twenty-first century. The primary mission of the integrated
science curriculum has been able to direct humans to carry out the purpose of a
wiser life and oriented to aspects of a more prosperous life. Indonesia, a country
with all its unique potential, has become a “pilot project” to implement an
integrated science curriculum throughout its development history. The science
education curriculum reform in Indonesia succeeded in moving the young
generation to align themselves with their peers worldwide in mastering scientific
literacy, technology, engineering, art, and mathematics. Besides, it has grown its
resilience in the face of the threat of natural and non-natural disasters that
sometimes its appearance is unpredictable.
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1 Introduction

Recently, integrated science has become a trending issue in dealing with increas-
ingly complex human daily problems. Almost three decades since the emergence of
global awareness about the importance of young people having analytical and
practical power to solve complex problems, an integrated science curriculum has
become a logical choice for the worldwide education community [1–3]. The inte-
grated curriculum has to accommodate the curious young mind not to distinguish
between subject matter areas when it tries to find out about the environment and
contribute to solving the problems it faces. Generally, the issues faced are inter-
disciplinary. The concept of integrated science that emphasizes science as a whole,
bringing together a mosaic of separate parts of separate sciences, will be a powerful
weapon for solving these problems [4, 5].

Besides, scientific literacy has a long history contribution in many roles of
science education discipline for everyday life activities [6, 7]. Therefore, science
education allows students to understand global challenges and participate in
activities to solve daily life problems. It has progressed continuously in an inte-
grated learning approach that connected science with various fields of study and its
application. Since 1960, the science curriculum reform emerged in response to the
concern of nature of science (NOS) has been an aspiration to develop a rapidly and
broadly integrated science curriculum with the primary goal of building scientific
literacy [8–10].

Furthermore, the framework for developing the science curriculum was designed
to bring the younger generation closer to technology products, so the learning
approach with the theme of integration of science and technology began to be
popularized massively in the early 1990s [11, 12]. Along with that, the need for
expanding the impact of all levels of society on science programs with the aim of all
citizens to have scientific literacy is evenly distributed [13, 14], followed by the
desire to make learning science to build a model of state awareness and become
citizens with good character in the context of science for civilization [15, 16].

On the other hand, integrated science education reform continues to develop
towards efforts to improve the environment, which is increasingly experiencing a
decline in levels that impact the quality of human life. The integrated science
learning approach leads to movements around social-scientific Issues (SSI) [17–19]:

• science education for sustainability, including issues of climate change and
global warming [20–22];

• science, technology, society, and environment (STSE) [23, 24] and other
sociocultural perspectives for science education [25]; and

• building power resilient to natural and non-natural disasters through the integra-
tion of science in the context of disaster awareness and disaster literacy [26–28].
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For further development, integrated science began to be directed towards
preparing the young generation with several abilities to anticipate the challenges of
twenty-first century progress in the context of industrial revolution 4.0 and society
5.0. A part of this preparation was the information and communication technology
(ICT) progress that rapidly shaped humans’ way of thinking to have many abilities
to build wisdom digital literacy for longer than three decades, especially in teaching
and learning science. Therefore, the presence of this educational technology by
promising wider access at all school levels has demonstrated the potential for a
crucial role in designing integrated science curriculum reforms. In particular, ICT
has facilitated the younger generation to conduct experiments inside and outside the
classroom by various access to internet resources and other digital technology tools
that support mobile learning to achieve a learning outcome and promote their
nation’s welfare [29–32].

The challenges of twenty-first century progress in the context of industrial
revolution 4.0 and society 5.0 have given rise to the science, technology, engi-
neering, and mathematics (STEM) learning approach, which is currently a trend in
science learning issues worldwide [1, 33, 34]. The STEM education approach has
led science education to move beyond the interdisciplinary and even multidisci-
plinary contexts that lead to science without borders. Over the past several decades,
several studies have emerged in which science has crossed the boundaries across
scientific and cultural disciplines [35–38]. Even when the COVID-19 pandemic
swept the world today, integrated science and beyond became one of the tools of
knowledge that can reduce the impact of the risk of virus infection. Besides, the
phenomenon inspired new cultures that are smarter and wiser for future generations
in interacting with the universe for a more dignified human life [3, 39, 40].

The main objective of this chapter is to describe how an integrated science
curriculum is developed and how it has contributed to the lives of the world
community. Indonesia, a country with various uniqueness, is an integral part of
science curriculum progress. The integrated science curriculum in Indonesia is an
exciting part of the discussion related to the application in which Indonesian
geographical location is prone to experiencing natural disasters, also inseparable
from the threat of other unpredictable events such as novel coronavirus disease
(COVID-19).

2 Brief History of Some Efforts for the Development
of Integrated Science Across the Globe

Interested in the teaching and learning innovation of integrated science has pro-
moted rapidly aligning with science and technology advances. It also became an
international movement of scientists and science education experts who were also
greeted with enthusiasm by professional teacher education organizations throughout
the world starting in the early 1960s. A science process approach is the first and
largest project the American Association for the Advancement of Science (AAAS)
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launched in 1963 [41]. In addition, UNESCO has crucially contributed to popu-
larizing integrated science and its implementation worldwide. Since the first
international symposium in 1967 organized by UNESCO, integrated science has
continued to develop in various countries. In 1968, UNESCO handled an inter-
national conference on integrated science education in Droujba, Bulgaria, in
association with the Committee on the Teaching of Science (CTS) and the Inter-
national Council of Scientific Unions (ICSU). This conference has produced 15
conclusions and recommendations in the form of guidelines and several ideas in
developing integrated science education [42]. These ideas and instructions have led
almost all countries to carry out many innovations and develop integrated science
education approaches.

Furthermore, in 1973, the Federation for Unified Science Education (FUSE) in
the United States held a conference on New Trends in Teacher Education for
Integrated Sciences sponsored by the International Council of Scientific Unions
(ICSU), which took place in the University of Maryland, College Park. This con-
ference has produced many innovations with regards to teacher training and found
various alternative solutions to the problem of education around integrated science
[43]. In the same year, two symposia occurred at the Christian Albrechts University
in Kiel, West Germany, sponsored by the Institute of Pedagogic fur der Natur-
wissenschaften. The support of these organizations develops continuously in the
form of integrated science education standards aimed at satisfying modern educa-
tion and respective needs in all parts of the world [44].

In 1975, another international symposium was held in Oxford, England, espe-
cially discussing integrated science education and its assessment and evaluation,
followed by an international conference with the theme “Integrated Science Edu-
cation Worldwide Collaboration” between ICASE (the International Confederation
of Associations for Science Education) and NVON (the Dutch Science Teachers
Association) in Nijmegen, the Netherlands in 1978, with several recommendations
for developing integrated science education in a broader context of life [41]. Until
the early 90s, integrated science curriculum studies focused on mastering content,
forming scientific attitudes, and science process skills and contexts with the theme
of unification from physics, chemistry, biology, earth sciences, and astronomy [2].

In the context of a 20-year evaluation of the journey of the integrated science
curriculum that began massively since the recommendations of the 1968 Droujba
Conference, the concept and implementation of the integrated curriculum were
successfully developed and produced progressively. Mid-1989, the focus of
development on environmental aspects and a higher concentration on meeting the
needs of professional work in developing countries had become the main highlight
of the implementation of this integrated curriculum. Furthermore, at this time, the
role of mathematical modeling has begun to be discussed to enrich and solve
problems in many contextual integrated science themes, including ecological issues
that were starting to become a trending issue at that time [2, 45].

The integrated science curriculum has received a lot of support from various
parties. The support addressed not only has provided meaningful learning experi-
ences for increasing knowledge and conceptual understanding but also the skills to
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carry out scientific processes and products that are very useful in daily life due to
high-level thinking exercises [1, 46]. The core basis for the massive application of
integrated science curriculum throughout the global order is to reduce the narrow
perspective of students about the nature of the universe. A single knowledge cannot
adequately explain the universe’s phenomena. Cross-disciplinary knowledge will
provide more accurate solutions, a more comprehensive understanding, and a more
efficient presentation in the learning process [4, 40].

The development of integrated science is directed towards simply learning about
science in a narrow sense and emphasizes building experience in solving complex
problems. This effort involved elements of the scientific field on an ongoing basis
with increasingly sophisticated scientific concepts and products in the context of
scientific literacy (SL). Students must be trained to become lifelong learners so that
they are no longer just memorizing a set of facts to pass exams, but they must be
able to process and understand large amounts of data and solve complex problems
at the time. Therefore, for almost 30 years since the integrated science curriculum
was introduced to global society, all the literature defining SL emphasizes under-
standing the NOS and scientific knowledge [47–50].

Besides, they must know which information is relevant and reliable and which
facts are alternatives. Thus, integrated science can encourage them to become
creative thinkers who make innovations in support of open-access knowledge
presented in the major themes of natural phenomena in everyday life in the context
of the NOS [4, 40, 51]. As reported by Roberts [7], the beginning of the ideas of
developing integrated science at all levels of education, the vision of integrated
science continues to be extended to SL into a broader context. For example, Roth
and Barton [52] present a new perspective about the collective view of SL in a
community perspective where individuals propose original contributions and per-
spectives to shoulder socioscientific issues. Many studies have addressed how the
concept and implementation of science education are effective. The framework of
the issue of socio-sciences is developing rapidly with the orientation not only
crucial for acquiring new science knowledge but also helpful in building a character
[19]. Furthermore, the discourse of socio-science not only represents the mode of
understanding and skills of students but also guides in solving problems related to
socioscientific issues problems [53].

To evaluate the extent to which programs and policies implementing integrated
science curricula support young generations’ achievement of scientific literacy, in
1997, the Organization for Economic Cooperation and Development (OECD)
developed an international science literacy assessment program, which is also
referred to as the Program for International Student Assessment (PISA). The main
focus of the assessment is to measure the performance of 15 years old citizen
acquisition in reading, mathematical, and scientific literacy [54]. Previously, in
early 1996, the International Association for the Evaluation of Educational
Achievement (IEA) launched the Third International Mathematics and Science
Study (TIMSS) program, which focused on conducting assessments to measure the
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mathematical and scientific abilities of teenagers throughout the whole world [55].
PISA and TIMMS are still available as a reference for successfully implementing
integrated science curricula in all countries globally that actively include the young
generation in the international survey [56–58].

3 The Highlight of the Integrated Science Curriculum
Reform in Indonesia

Since 1945, the Indonesian national curriculum has undergone several changes that
are generally attributed to the year it was issued, namely:

• 1975 Curriculum;
• 1986 curriculum;
• 1994 curriculum;
• 2004 curriculum or competency-based curriculum;
• 2016 curriculum based on education units that refer to National Education

Standards; and
• 2013 curriculum or national curriculum [59–61].

Figure 1 shows the chronology of curriculum development in Indonesia. More
detailed curriculum elaboration, contained in the policies and standards of the
integrated Indonesian science curriculum. The curriculum refers to the Science
Education Standards issued by the National Science Education Standards starting
from the 1975 curriculum to the 1994 curriculum with the orientation [59, 60].
Furthermore, in this phase, the science curriculum’s reform is marked by hands-on
activities based on learning activities both at primary and secondary levels of
education [62]. Practical activities that developed in the study of science in
Indonesia became excellent as scientific curriculum reforms in almost all devel-
oping countries, especially in the Southeast Asia region [63, 64]. In the next period,

Fig. 1 Diagram representation of Indonesia curriculum reform map
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the 2004 and 2006 curriculum, the reform of the science curriculum in Indonesia
relies on the development of science process skills with the general theme Cara
Belajar Siswa Aktif (CBSA), which is student-centered innovative science with an
active learning approach in the context of science education standard [65, 66]. One
of the main supporting programs of this period is the emergence of the science
quality improvement project (SEQIP). The project is a cooperation program
between the Indonesian and German governments, aiming to improve the quality of
integrated science education at the elementary education level [67, 68]. This project
has been able to encourage the young generation of Indonesia to be more motivated
and interested in learning science and significantly boost Indonesian students’
achievements in the international literacy survey, such as the PISA score, as shown
in Fig. 2.

4 Integrated Science Curriculum for Unpredictable
Situations: Disaster Education in Indonesia

Indonesia is a country that has a high level of natural disaster vulnerability. Most of
Indonesia’s territory often occurs in earthquakes, floods, landslides, volcanic
eruptions, and tsunamis. These hazards happened due to the geographical location
of the Indonesian territory, which spreads at the confluence of four tectonic plates
consisting of the Asian, Australian, Indian Ocean, and Pacific Ocean plates. In
addition, the volcanic belt stretches in almost all parts of southern and eastern
Indonesia. Even the volcanic belt extends from the islands of Sulawesi-Nusa
Tenggara-Java to Sumatra by inheriting ancient volcanic mountains and swamps
that meet some of the lowlands of Indonesia [69].

Fig. 2 Indonesian students PISA score 2000–2018
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Various studies show that Indonesia is a country with a high level of seismicity
globally, more than ten times the level of seismicity in other countries around the
globe [70–72]. The activity of the earthquake in Indonesia is very high in a month.
It is recorded 400 times on average. During the 1991–2007 period, there were 24
major earthquakes, including December 26, 2004, Aceh earthquake of magnitude
9.3 that caused a devastating tsunami [73].

Since the earthquake and tsunami in Aceh in 2004, the integrated science edu-
cation curriculum in Indonesia, particularly at the level of primary education, in-
cludes disaster literacy as an aspect of curriculum development in science classes by
bringing the latest issues into the integrative thematic context. In the 2006 and 2013
curriculums, science education at the level of primary education level contained
several essential themes such as “I and my environment,” “events around me,” “the
area where I live,” and “my earth.” The themes can be integrated into formulating
learning objectives related to increasing disaster literacy among young Indonesian
generations [74, 75]. Along with this science curriculum reform oriented towards
disaster literacy, the government of Indonesia, notably the Ministry of Education
and Culture, has collaborated with the German government by developing a flag-
ship Disaster Awareness in Primary School (DAPS) program, which began as a
pilot project in 2006 [76, 77]. This program has succeeded in providing a cur-
riculum integration model that prepares students to have an outstanding amount of
knowledge, attitudes, and mitigation skills. The scientific inquiry-based learning
approach applied to integrative themes shows the extraordinary power of students
when they actively participate in learning and practice disaster mitigation [78].

Furthermore, Abdurrahman et al. [79] have developed a disaster mitigation cycle
model that involves three institutional levels: school, community, and government
in the learning community context. The model is called the Learning Community
Cycle Model for Disaster Awareness (LC2MDA), shown in Fig. 3. This model has
succeeded in building public awareness of the importance of synergizing in the
mitigation skills improvement program and the preparedness of young people in
facing the threat of natural disasters in their environment. The LC2MDA model has
been applied intensively in science classrooms at the elementary school level with a
thematic-integrative approach using EXCLUSIVE learning models. The learning
model consists of exploring, clustering, simulating, valuing, and evaluating, where
students actively participate in learning, as shown in Fig. 4.

Through thematic-integrative EXCLUSIVE learning models, students are
actively involved in meaningful learning, given direct experience through obser-
vation and simulation, and using their intuition in internalizing the value or
meaning of disaster. They explore freely through varied learning experiences,
arguing based on solving contextual problems such as making evacuation maps.
Through structured training, discussion, collaboration, and multidirectional com-
munication, students get good knowledge, positive attitudes, and mitigation skills;
students will naturally have sufficient awareness and literacy to be resilient to
natural and non-natural disasters.
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5 Integrated Science Curriculum for Sustainability
in Indonesia

Furthermore, at the junior and senior high school level in Indonesia, climate change
is one of the essential concept contents that is the subject of an integrated science
curriculum related to aspects of disaster and energy literacy in the context of
sustainability. The curriculum content emphasizes learning outcomes related to
global warming and its impact on all aspects of human life. In addition, learning
achievements on this topic in the 2013 curriculum stresses the formation of stu-
dents’ character and attitudes in utilizing green technologies and cultures that are
expected to help in reducing the risk of climate change impacts [80, 81].

Fig. 3 LC2MDA model for disaster education (reproduced from [79] © Abdurrahman
Abdurrahman under the terms of Creative Commons Attribution 4.0 International License)
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Strengthening climate change literacy packaged in the 2013 curriculum is presented
through daily classroom activities and integrated into extracurricular activities such
as young scientist groups, scouting, voluntary corps, cross red youth, and students'
mountaineering club.

Fig. 4 Activity stages of the EXCLUSIVE learning model (reproduced from [79] ©
Abdurrahman Abdurrahman under the terms of Creative Commons Attribution 4.0 International
License)

Fig. 5 Five grade students’ visual representations of evacuation map: a landslide; and b tsunami
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Rahman et al. [82] proposed a model of implementation of school-based man-
agement for schools with green character by involving the community (parents of
students) as the controlling element. This model emphasizes the role of the aca-
demic leadership of principals and teachers in integrating the topic of global
warming in the integrated science curriculum to foster awareness and knowledge of
young people in schools so that they have a caring attitude towards universe sus-
tainability. Schematically, the hypothetical model of school-based management for
green schools as an effort to integrate school-based sustainability issues can be seen
in Fig. 6.

Fig. 6 Green school-based management hypothetical model (reproduced from [82] © Abdur-
rahman Abdurrahman under the terms of the Creative Commons Attribution 3.0 Licence)
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The implementation of the green school model directed students to act daily
behavior by orienting the formation of green school characters that can mitigate the
climate change impact. During the implementation of the model, many new positive
habits emerged gradually. Students go to school on a bicycle or foot, not using
plastic accessories, using tumblers for drinks, minimizing electricity and alternating
current (AC) usage in schools, unplugging gadgets and laptop chargers when fin-
ished filling, wrapping food with paper or leaves, etc. In the classroom, teachers
scaffolded and encouraged them to campaign for environment protection and cli-
mate change impact mitigation through social media through project assignments
such as making posters and creating a water power generator prototype from scraps
(Fig. 7).

6 Science Education in the COVID-19 Pandemic:
Indonesian Context

The presence of the COVID-19 pandemic not only caused a tremendous panic in
the health sector but also had a shocking effect on the education process around the
world, where the majority of schools and classes experienced disruption [83, 84].
This condition makes distance learning or online learning a major alternative so that
the learning process does not experience disruption. The closure of classes or
schools, especially in Indonesia, was previously not the choice of students at the
primary and secondary levels due to human resource factors and the availability of
an online learning infrastructure that has not been evenly distributed throughout
Indonesia. Yet, distance learning has been a new problem for teachers and
instructors [85].

Fig. 7 Student sustainability project: a campaign poster in social media; and b scraps green
generator prototype
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Ichsan et al. [86] and Wargadinata [87] reported that online learning is domi-
nated by various social media such as Whatsapp and Instagram to deliver material
or teaching material, and only a few use the learning management system platform.
Besides that, the most frequently taught teaching material is in the form of PDF and
Video formats provided through Whatsapp. Furthermore, Ichsan et al. [86] also
revealed that student responses showed that nearly 35% of students stated online
learning was felt to be less effective because of frequent obstacles in the internet
network and difficulties in sending assignments or the results of exam answers
given by teachers.

On the other hand, especially in science learning, learning at home with various
assignments given by the teacher makes students more creative. The free time of
accessing material presented by the teacher through an asynchronous online
learning platform allows students to do a number of creative thinking processes,
especially in exploring the concept of viruses and how to deal with coronavirus
outbreaks. The results of observations and interviews with science teachers showed
that multimodal representations-based learning was widely applied by science
teachers online learning during coronavirus pandemic, especially many students
who degenerated visual representations in the form of comics and posters (Fig. 8).
This integrated COVID-19 pandemic science learning has been able to trigger the
motivation and creativity of the young Indonesian generation in increasing scien-
tific literacy, especially on non-natural disasters such as coronavirus outbreaks. The
student can express their literacy of COVID-19 discourses such as social distancing,
always using a mask, hand washing, and other preventive behavior through
generate-own visual representations.

7 Conclusion

The integrated science curriculum has provided unlimited color in human life for
almost four decades. An integrated science curriculum has contributed to the
development of science and technology and attitudes and behaviors that are getting
better and wiser in managing the universe. The character becomes a guide for

Fig. 8 Students generate visual representations about coronavirus outbreak context
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integrated science curriculum reforms. Nowadays, humans are faced with the same
problems, such as uncontrolled movements, with the use of artificial intelligence
(AI). The big challenge is increasing the opportunity for humans will be replaced by
AI machines.

In addition, the presence of unpredicted disasters such as COVID-19) also
presents a challenge for how an integrated science curriculum is developed and
implemented. Massive Open Online Courses (MOOCs) are effective in preparing
science learning effectively where classes and schools are disrupted due to epi-
demics or natural disasters. Moocs-based science learning that reduces human
mobility using fossil-fueled vehicles can also be a tool for efforts to maintain the
balance of the human environment to continue the balance of the universe in the
future. The chapter also highlighted several successful works of science education
in solving our daily lives’ problems along with some essential aspects that need to
be considered in the further development of science education without borders,
especially in Indonesia.

Core Messages

• Science curriculum reform must be oriented towards efforts to improve
human relations with the universe.

• The major purpose of science education should be to inspire young people
to build scientific literacy.

• Learning science should increase the power of creativity and new creations
for the benefit of human life sustainability.
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at School
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The emotions, the affective dimension, feelings…? But where
are these more or less strange and individual aspects of the
human person, of the student, hidden in a school whose
legitimacy, whose foundation so often seems to hinder a proper
understanding of school knowledge? (…) The school, the public
school, the school for all should leave aside the emotional
dimensions and devote itself only to the activities of the mind.
Certainly, the disciplinary divisions of teaching indicate some
places where emotions and their companions are allowed. But
in the so-called intellectual disciplines (…) suspicion of
emotions remains high.
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Summary

Social and emotional intelligence, which are related to social and emotional
learning or socio-emotional competencies or skills, have always been addressed
in educational discourses around controversial points of view in which the classic
perspectives on education seemed challenged by socio-emotional education
promoters. This challenging perspective was not and still is not very appreciated
by most conservatives, arguing that those learnings are not fundamental for
academic success and even disrupt the child’s education. Despite these
constraints, many professionals in the educational field and research understand
and present evidence stressing how social and emotional education is important
for children for their holistic development with positive impacts on academic
success. Several studies present school as one of the principal environments
where children’s social and emotional competencies happen. Within the past ten
years, there has been a growing tendency among social and emotional studies to
investigate the effects of different interventions on the development of children’s
emotional regulation, empathy, theory of mind (ToM) abilities, and collaborative
behaviors. According to some authors, children’s social, emotional, and academic
success is intrinsically related to integrating and training emotional intelligence in
schools, considering themselves and the school environment.

Graphical Abstract/Art Performance

Emotional connection.
(Acrylic on Canvas Painting by Macarena-Paz Celume).
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Creativity and social-emotional learning (SEL) are, in today’s discourses, more
commonly addressed than ever before. Despite this, even if they are considered
necessary for policymakers and international organizations in the public discourse,
the specific practice of these concepts, such as creativity, are sometimes disregarded
at school [1]. According to some authors [2], children’s success in social, emo-
tional, and academic aspects is intrinsically related to the integration and training of
emotional intelligence in schools, considering not only themselves but the whole
school environment. School seems then to be a proper place to develop these
competencies because school is the environment where children spend a good part
of their time, and also, homes are not the environment typically leading children to
learn emotional competencies [3].

Nevertheless, there are still only a few SEL programs that have been meticu-
lously examined [4], and educators do not always put faith in these kinds of
programs. Accordingly, creativity researchers [5, 6] insist on explaining creativity
to teachers and how to enhance it because this is the only way they will become
open to the experience of actually developing creativity among children. In the next
section, we will first review the context of creativity and SEL in general school
settings. Later, we will focus on the particularity of developing these competencies
in French school classrooms.
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2 Creativity and SEL in School Contexts

Several studies show evidence of the benefits of creativity and SEL at school [2, 7].
The European Parliament [8] has already highlighted that the ability to express
ideas, experiences, and emotions in a creative manner is a key competency to be
developed at school. Elias and Arnold [7] describe it as an objective that schools
must direct their attention to. They explain that schools worldwide should provide
children with the tools they can use not only in their classrooms but all around their
environments: “SEL provides many of these tools. It is a way of teaching and
organizing classrooms and schools that helps children learn a set of skills needed to
successfully manage life tasks such as learning, forming relationships, communi-
cating effectively, being sensitive to others’ needs, and getting along with others”
[7, p. 5].

Constructing valid SEL training would have a considerable positive impact on
school-related outcomes and a series of behaviors related to the child’s well-being
and, thus, the improvement of school life itself. In this sense, the authors (idem)
continue: “When schools implement high-quality SEL programs and approaches
effectively, academic achievement of children increases, incidence of problem
behaviours decreases, the relationships that surround each child are improved, and
the climate of classrooms and schools changes for the better” [13, p. 5].

During the last decade, several authors have provided evidence of the positive
impact of SEL interventions [9, 10]. The lack of these competencies, probably
derived from a lack of training in the area, has negatively impacted different factors,
particularly children’s behavior and health [11]. In other words, evidence has
shown how SEL not only improves health, well-being, and attitudes in children but
also prevents unhealthy behaviors. In this sense, authors insist on how schools are
crucial in playing a role in children’s health: “by fostering not only their cognitive
development but also their social and emotional development” [9, p. 406].

Nevertheless, it is worth mentioning, in the way we measure it, social and
emotional aspects include cognitive aspects. For this reason, much school-based
training has been created to teach children SEL, based on a vast literature sup-
porting these benefits, which are mostly related to the enhancement of prosocial
behavior, improvements in emotional distress, and well-being [10, 12].
A meta-analysis [9] showed that SEL training improved the competencies they
were willing to improve. They also showed long-term effects, present for at least six
months after the training. This means that SEL interventions not only help children
at the moment but also have an influence over time. Researchers also showed that
SEL programs positively affect primary schools to middle and high schools with no
differences in urban or non-urban settings. In other words, among different SEL
interventions included in the analysis, effective interventions could enhance SEL
among children from different socio-cultural backgrounds and throughout their time
at school. They also found that SEL has to be well structured, as interventions with
the clearest structures were the ones with the most positive outcomes.
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According to the SEL structure, to develop SE competencies, a previous
meta-analysis [13] established four basic steps that training should follow. These
steps are explained under the acronym SAFE for Sequenced, Active, Focused, and
Explicit (Fig. 1):

i. sequenced means skills which need to be learned through a step-by-step
process where the main competence to be developed needs to be subdivided
into sequential steps that are interconnected;

ii. active means active learning where children actively build their own learning
and practice the skills, not only “listen” to the significance of them;

iii. focused is related to a pedagogical position, whereby the pedagogue is willing
to give enough time to the learner to process the knowledge; and

iv. finally, explicit is connected to the objectives of the training and sessions: they
need to be clear and concise, and they must be communicated to the children if
any learning is expected.

In line with this, later reviews [14] corroborate these findings, agreeing that
training seems to be more effective when actively engaging learners, such as
role-playing or coaching activities. Some authors agree that these skills can be taught
and learned through liberal arts training [15, 16], such as drama. Many drama-based
pedagogies include the principles of the SAFE methodology and are, by definition,
active learning experiences based on improvisation and role-playing activities.
Several studies based on drama-based pedagogies have also presented evidence on
how their training while being active pedagogies improves SE competencies and
creativity outcomes [17–21]. In the same line, other initiatives related to active
pedagogies and the study of emotions concerning the development of social and
emotional competencies have begun to multiply in some academic environments.
Nevertheless, there is still work to do to reach more traditional education systems,
where educational policymakers prioritize classical academic knowledge that can be
repeated and thus evaluated through standardized tests [22].

In the next part, we will describe some visions for the French school system and
how these new policies and ideas around creativity and SEL are being considered,
which would lead us to discuss some experiences carried out in France these very
last years.

3 Creativity and SEL in the French School Context

Free, public, and secular education in France was born during the third Republic
between 1881 and 1882, as a means to educate the people and to avoid fanaticism
and ignorance, responding to the values/moto of the Republic “Liberté, Égalité,
Fraternité”1 [23]. Since then, French education has undergone several renewal
processes to adjust to the changing social processes.

1 Liberty, Fraternity, Equality.
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From the beginning of the twenty-first century and a few years before that, a
public school in France started living a disillusionment process [24]. According to
some authors [23], this désenchantement4 is due to several contradictions within the
educational system, which continue to be debated through internal disagreements,
but which also relate to the external representations of what the French educational
institution is and about the social expectations of the educational system and the
objectives that the institution should aim for. In other words, the social expectations
of what school should be teaching and how it should be taught are detrimental to
re-inventing the French educational system. Yet, bureaucracy inside the institution
does not permit this renewal so easily. Nevertheless, new alternative approaches or
ways of schooling are not something that arose in our contemporary society.
Elsewhere, it is mentioned that “the idea of alternative is not new because the new
pedagogical courants from pedagogues such as Célestin Freinet, Maria Montessori,
Rudolf Steiner and Ovide Decroly were already present in France since the first half
of the XXth century and they had structured themselves as a reaction to the tra-
ditional school”2 [25, p. 4].

These new pedagogies responded to the societal changes which aimed to adjust
the French educational institution [23]. According to [26], by the end of the 1970s,
the concept of pedagogical differentiation had appeared, whereby the idea of
education was based on establishing a flexible frame where learnings are explicit
and diverse enough to permit students to work according to their own timing, inside
a collective which teaches and responds to the national curriculum. Another author
[23] mentions that this perspective implied that social and psychological differences
among students were the motor of beneficial social interactions and learning that
might impact diverse, motivating, and innovative ways of work. This established a
base from which to rethink the educational system, promoting the integration of

Fig. 1 SAFE structure for
interventions on social and
emotional learning
development (CASEL)

2 Translated from original in French: “L’idée d’alternative n’est pas nouvelle puisque les courants
d’éducation nouvelle issus des pédagogues Célestin Freinet, Maria Montessori, Rudolf Steiner et
Ovide Decroly sont présents en France depuis la première moitié du XXe siècle et se sont
structurés en réaction à l’école traditionnelle.”.
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different perspectives in education. The opening of widespread public education
institutions showed the necessity to adjust learning and teaching experiences to the
needs of the multi-cultural population [23]. In this sense, the new paradigms in
international education, expecting competencies to be part of educational curricula,
increased the pressure for a new adjustment of the French educational institution.

In 1996, it was explained how the French system did not permit the development
of competencies such as self-esteem, which were essential for social integration
needed regarding the societal changes of the French population (immigration, social
mixing, etc.) [27]. The national curriculum3 establishes that mandatory education
should grant each student the necessary means to acquire common knowledge,
competencies, and culture. Nevertheless, the French educational system promotes a
space where students are still trained under a competitive model that aims at dis-
ciplined knowledge acquisition [28] without consideration for creativity or
socio-emotional learning as central to the learning process.

In 2017, the National Educational report on research and development into
education across the life span [29] proposed ten principal propositions for tomor-
row’s education in France, towards a “learning society,” without clearly considering
the development of creative or socio-emotional competencies. The propositions are
necessary for a change in French education, certainly. However, they are more
focused on research methods in education and on how children should adapt to
tomorrow’s jobs and digital society than on developing creative or socio-emotional
competencies. In summary, they propose to

• apply research methods to children education;
• build educational teams in developing research methods;
• intensify research about education;
• favor cooperation between practitioners and researchers;
• deploy digital collaborations;
• promote open portfolios of learning;
• promote rules for safe data;
• promote ethical rules for research;
• build learning spaces within the communities; and
• create research alliances.

In a more “holistic” approach, an analysis made regarding the so-called “new
schools” in France [30] presents a fresh perspective on how the French educational
actors perceive the French educational system nowadays. According to them, there
are still few but growing alternatives to traditional schools which focus on chil-
dren’s well-being and SEL, without meaning they dismiss academic achievement.
They consider social and emotional competencies fundamental for integrating
children in today’s societies that value autonomy and innovation. Most of these
“new schools” arose due to the abovementioned public system.

3 “Le socle commun de connaissances, de compétences et de culture. Ministère de l’Éducation
Nationale et de la Jeunesse.”.
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Regarding this, the authors explained that these schools did not want to repro-
duce some of the negative aspects of the public system, such as the excessive
detention time at school or the judgments towards students. The authors indicate
that these “new directors” insist on the need to let children preserve their desire for
learning without letting the children fall into learning for the sake of making their
teachers or parents happy. “That’s the dream,” exclaimed one of the new directors
at the end of an interview. Further analysis of interviews carried out by the authors
showed how these “new schools” interest is focused on developing so-called
21st-century skills, understanding them as fundamental skills that will be needed for
tomorrow’s employability.

These alternative “new schools” aim to develop children’s well-being and
socio-emotional competencies as their educational offer, citing the need for these
skills in future societies. In summary, the authors conclude that even though these
schools are still a minority and far away from the French traditional educational
system, they seem to have an important influence on the public educational dis-
course as well as educational policies, suggesting that the transformation of edu-
cation towards a more integral education should be coming soon for the French
educational system. In this sense, the authors do not propose that the only solution
is to build new schools but to focus more on education in these competencies in
school, through the inclusion and development of enrichment activities and a
change of the state of mind of school principals and teachers.

According to the National Council for the Evaluation of the School System
(CNESCO), the French educational system proposes the development of SEL
competencies in preschool, elementary and secondary education. This competency
development is proposed to be developed inside the classroom but also through
extracurricular activities, with an emphasis on developing well-being at school [31].

Nevertheless, the reality in public education is very different. As we noted in the
field during this investigation, the inclusion of these competencies occurs slightly in
primary school, and a real inclusion and development that could be made through
dramatic interventions still depend on the will of the school principal and teachers.
According to the reality we faced when implementing our first studies, most schools
refused interventions.

In several of the conversations we had with school principals in the Paris area,
they explained that most of the time, they refuse DPT interventions or other artistic
or sporting interventions because they are overwhelmed with administration and the
curriculum, as the current rules for interventions in schools are vague and complex,
without leaving principals the freedom to participate in projects they are interested
in, but obliging them to follow a series of bureaucratic paperwork that takes months
to get signed and which ends up nowhere. In other words, administrative paperwork
seems to block school principals who are sometimes afraid of implementing any-
thing without regional or even national authorization. In line with this, even though
there has been progress in implementing drama-based interventions in school, there
is still work.
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Existing educational programs [32] present drama either as one part of a whole
artistic and cultural program that only preschool children might learn at school, or
they propose it as an optional subject for a specific group of high-school students or
as a subject for primary school children who benefit from special reinforced artistic
pedagogy in their schools. Accordingly, this thesis also aims to provide evidence of
the benefits of DPT to be considered more seriously in the national educational
discourse. DPT could be, for example, included in schools as an extracurricular
activity to complement the current offer, or even as a subject within academic time,
to enhance the development of SE competencies and creativity of all school-aged
children and not only of those who choose the activity.

4 Evidence of the Need of Emotional Learning at School

Regarding the place of emotional learning in schools, we have found a willingness
of certain teachers and school principals to develop these competencies among their
students. In the same line, researchers in psychology or education show a growing
tendency to focus on experimentation with new approaches towards developing
these competencies in education. Some of these teachers show a real concern
regarding the teaching of these competencies, on the one hand for the personal
development of students and teachers, and on the other hand to prevent social and
emotional issues that could end up in social misbehaviors or even school drop-out.
With the aim of collaboration between researchers, teachers, and school actors, they
create and test protocols, programs, and methodologies to enhance and develop
these competencies within students through different approaches.

In a recent paper published by a group of researchers [33], they experimented
with an intervention in dramatic arts with primary school children, trying to see the
impact of this pedagogy (DPT) in the development of socio-cognitive and
socio-emotional competencies. They worked with a group of children from fourth
and fifth grade from three different schools, conducting a randomized study that
lasted eight weeks. This study provided evidence that after the intervention, chil-
dren who participated in DPT developed socio-cognitive skills such as Theory of
Mind (ToM) and socio-emotional competencies, such as collaborative behavior and
positive emotions. These results make us wonder about the necessity of replicating
these experiences and accompanying children in their emotional development all
along with their school life. The outcomes of the teaching and learning social and
emotional competencies foster prosocial behaviors and positive emotions. They
impact academic success, as brain development is directly influenced by the social
and emotional environment [34]. This environment is co-constructed by students
and teachers through a collaborative dialogic space [35] that is free of risks and
promotes positive emotions. Developing a safe emotional space like this should be
one of the principal interests of educational actors and teachers willing to work with
emotional learning.
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From the perspective of teachers [36], the concept of emotional teaching is
proposed to explain the teaching done by the teachers to help the kids develop their
emotional competencies and emotional intelligence. It is defined as a capacity to
know and control his own emotions and the ones of others [37]. The notion of
emotional intelligence was developed in parallel with the notion of SEL. It is
positively correlated to academic performance, peer acceptance, school acceptance,
and psychological and physical well-being [37–39].

Depending on the teachers, the principal motivations for teaching emotions are
different, impacting students’ learning. Teachers mainly have three motivations
when working on emotions with their classes. The first one is academic success,
which positively correlates with emotions’ learning [40]. It helps students start
learning and face difficulties [41, 42]. Moreover, the capacity to recognize emotions
appears to be an important predictor for school satisfaction [43]. The second
motivation is kids’ fulfillment and especially their well-being. In her master thesis
[41], an elementary school teacher specified that her motivation was to help kids
deal with their emotions and not be overwhelmed by them. In fact, emotional
learning is an efficient way to enhance emotional intelligence, positively associated
with psychological well-being [43]. During the interviews, another teachers’
motivation to start emotional learning was found: class management. A kinder-
garten teacher explains it by saying that it is helping her create a peaceful classroom
environment and facilitate her life and students’ learning. She sees a double benefit
in this teaching.

The aim of research carried on with teachers [36] was to understand what are, in
France, the effects of emotional teaching on preschool and primary schools’
teachers. The data was collected through semi-structured interviews done with
fourteen teachers working at different levels on emotions. All the teachers were
working in France at the time of the interviews, and 13 of them were teaching in
Ile-de-France. Eight teachers were teaching in kindergarten, and six were teaching
in an elementary school. The project was a school project for ten teachers, and for
four, it was a class project.

In her study, she demonstrated that the relationship between the teacher and his
students involved a caring one through emotional teaching. By learning new
knowledge on children and on their emotions, teachers analyze and react differently
to children’s behaviors which lead to a growth of their relationship. Moreover, these
pieces of knowledge also guide teachers to question their practices and their vision
of the teacher’s role. This teaching plays the role of professional development,
notably for the teachers that were unhappy with their previous practices. Further-
more, they also became teachers-research who guide their observations in the
classroom toward their research objectives. Emotional teaching is also an axis of
personal development for some teachers who also question their own emotions in
the private and professional sphere. Emotions’ teachers are, for some teachers, part
of emotional teaching. Nevertheless, emotional teaching is learning done by the
kids, which is a long and not always fruitful process.
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The first axis of results highlighted developing a caring relationship between the
teacher and the students. In this type of relationship, the students feel safe and more
competent in the school context, leading to better academic achievement [44].
Teachers’ dedication is an important characteristic that might fundamentally impact
students’ academic achievement [45]. He continues by showing how the relation-
ship quality between the teachers and his students is essential. The development of
this caring relationship results from different analyses done by the teachers of kids’
behaviors. Some teachers start emotional teaching because they have observed kids
with inappropriate behaviors in their classes, and they start to wonder why kids are
having these behaviors. Zoé, a kindergarten teacher who participated in one of our
studies, did these observations while playing a role in the research. Teachers have
new knowledge on kids’ development or kids’ emotions. This understanding leads
to different analyses of kids’ behaviors. Once the teachers have this comprehension,
they cannot have the same reactions they had.

Nevertheless, all these pieces of knowledge are not enough to understand every
child’s behavior and react properly. In fact, some children may not reach the
expected way. For some kids, expressing their emotions may be important and may
lead to frustrations when the teacher decides that it is not the right time to express
everyone’s emotions. Moreover, for some kids, the problem may be deeper than
what the teachers can act on and may need the help of a specialist. More than
changing their reactions facing a kid’s behavior, teachers also adapt their practices
and the tools used in the class. The readjustment of the classroom, by adding
specialized corners for well-being or emotions or by doing changes that lead toward
students and teacher well-being, is part of the professional development of the
teachers. Teachers’ new practices have been implemented in the classroom, either
punctual sessions or rituals. For some teachers, these new professional discoveries,
as sophrology, can become practices that teachers particularly like to create. These
changes in the practices used or the analyses of students’ behaviors lead to
developing a caring and respectful relationship between the teacher and his stu-
dents. This type of relationship is what some teachers expected before teaching but
did not reach. Emotional teaching helps them reach this objective and be closer to
their vision of the teacher they want to be.

This vision of the role of the teacher is related to the second axis of results about
the evolution of the teacher’s role. Emotional teaching conducts a reassessment of
their role and of the teaching’s way. During the interviews, teachers highlighted that
they were evolving as not fruitful for the students or them. They were overwhelmed
by their emotions that they could not control. It led them toward reactions they did
not want to have because they were not matched with their personal and profes-
sional values. All these incoherencies guide teachers during their research toward
emotional teaching and add the function of teacher-researcher to their role. A
teacher-researcher is a teacher who orients his work with common research prac-
tices such as looking for more information on a specific topic, doing observations
and experimentations [46]. The experiments done by the teachers are different
depending on if the project is a school or a class project and if it is linked or not
with a teacher’s training. Nevertheless, everyone does not share this vision of the
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teacher’s role in teaching emotional competencies and emotional intelligence. Some
teachers do not share this point of view. This disagreement can lead to tensions
inside the pedagogical teams, which can be hard to live with for the teachers in
favor of emotional teaching. Another impact of this disagreement is that it can be an
obstacle to children's emotional learning. The teachers who favor emotional
teaching will implement emotions-related practices; they will teach the kids how to
react when they feel a specific emotion. The other teachers, especially during break
time, will not react the same way. Furthermore, all the parents do not agree that it is
part of teachers’ role to teach emotional learning. Some can be reticent at first and
then see the positive impacts this teaching has on their children. Still, others can be
entirely against notably because their opinions on emotions are not the same as
those of teachers.

The last axis of results is about teachers’ emotions in school and especially in the
emotional learning process. School is a social environment where emotions are born
and shared from interactions and learning [47]. Teachers are daily facing kids’
strong and sometimes contradictory emotions. They also have to deal with their
own emotions, which can work for some teachers. As explained by a kindergarten
teacher, when they are in a situation of accumulations where different events
happen in the classroom, it is hard to be completely available for an event and then
be available and react properly to another one. She explains that one day, she was
already mad about a conflict that happened between kids, and when another girl
came in need of comfort, she was not ready to give her. This example highlights the
difficulty teachers may have in class when several emotions are expressed at the
same time.

Furthermore, the research teachers have been doing also brings new knowledge
of their own emotions in their professional and personal lives. Teachers, as adults,
start to reflect on their own emotions and how they want to react while having
different emotions. For some of them, it completely changes their relation to some
emotions and leads them to reflect on their own children’s education. Emotional
teaching is, for them, an axis of personal development. Therefore, the place of
teachers’ emotions also evolved in the classroom. Teachers learn to take emotional
distance facing a kid's emotions. As explained by the teachers, it helps them to see
the child in his globality and not just as a student and consequently to analyze and
react differently to students’ behaviors. Teachers also start to expose their emotions
in the classroom but with different specific goals. For some teachers, it is important
to exchange their emotions with the students to know adults do have emotions and
that it is also a learning for them. Speaking about teachers’ emotions in the
classroom is also a way for teachers to release weight from their chest when they
feel an emotion they need to share. Teachers also used their emotions in students’
emotional learning. They use the same tools and practices as the ones they proposed
to the students in the classroom and start to ask the kids’ advice when facing an
emotion. Nevertheless, as highlighted by a teacher, emotional teaching is not a
“magic trick.” In fact, it can still be hard for teachers to deal with all students’
emotions and reach the expected way in different situations. It is a learning that
needs time and effort to be efficient both on the students’ and the teachers’ sides.
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A study [36] showed that french teachers implicated in emotional teaching are
developing themselves professionally and personally. In fact, they learn new
practices and tools adapted to the students’ emotional learning. This teaching leads
teachers to readapt the vision they had on their role and help it match their values.
The relationship with the students is important for teachers. Different analyses and
reactions to children's behaviors evolved toward a respectful and caring relation-
ship. All these changes help teachers to become the expected teacher. They also
learn more about their own emotions and integrate them into their practices. The
benefit is double because it helps the teachers with their emotions, and it is also
helping students to reflect on someone else's emotions. Teachers as adults also learn
to deal with their emotions in personal settings, and some also integrate this
learning into their children's education. Nevertheless, emotional learning is a long
process that needs constant effort on the side of the teacher and the students and
which may not always have the expected effects on the moment.

In another study, [48] she conducted a study which partly revealed the impact of
emotional learning, among other educational practices, in students at risk of
dropping out, explaining that there was a strong implication of emotions when
talking about the decision and prevention of school drop-out.

This study was conducted in a French classroom that hosts children considered
at risk of dropping out of school, called “classe relais.” This study aimed to identify
teachers’ pedagogical and educational objectives and practices to put children back
to school and re-socialize this public. This facility targets students from middle
school who are identified by educational teams as at risk of school drop-out through
different indicators such as chronic absenteeism, a low academic achievement due
to academic shortcomings, serious or repetitive behavioral issues, or a high lack of
motivation for learning for example. This study was carried out thanks to free
observations, which allowed a first understanding of the “classe relais” ecosystem
and the design of semi-directive interviews with the teachers of the “classe relais” to
identify the objectives of the practices initially observed. Through this research,
emotional learning appeared to represent a strong place during the process of the
“classe relais.” It was considered according to the teachers as essential for the
success of the program.

School drop-out is considered as people aged from 18 to 24, who have not
graduated or, who have at the most the french national diploma Brevet des Collèges
(or its equivalent for European figures, that is to say, the certificate delivered at the
end of middle school, giving access to high school), and who did not follow any
professional training in the past four weeks. It is considered a serious and complex
problem for individuals, schools, and society [49]. Complex because of the
numerous and diverse risk factors, making the population of children at risk
non-homogenous. Risk factors are both internal and external to the school. They
have been recently classified by a group of authors [50] in four categories: factors
related to family, school, peers, and child. And serious because of its various
implications on societal and individual levels.

12 Thinking About Emotions in Education: Integrating … 213



On an individual level, school drop-out children are in a suffering situation in
school, often linked to the lack of valorization of their capacities, and therefore,
school drop-out creates an important psychological prejudice in terms of
self-esteem; thus, school, which is not managing the valorization and motivation of
all the students, is rejected by these children, whom it is not easy to bring back on
the school path [51].

On a societal level, the Organisation for Economic Co-operation and Develop-
ment (OECD) stated that long term social and financial costs of academic failure are
important because it generates individuals who do not have the skills to find their
place in society, generating higher costs in health, social supports, and childhood
care and security [52]. School drop-out represented in 2018, 10 and 6% of the
European Union young people aged from 18 to 24 years old, and 8 and 9% in
France, a figure that has significantly decreased since 2007 [51]. From an economic
perspective, a study commissioned by the French Ministère de l’Éducation Natio-
nale et de la Jeunesse to the Boston Consulting Group in 2012 estimated the
lifetime cost of school drop-out for a person at 2,30,000 €. This stake has thus
largely influenced public policies and political decisions, especially since the level
of education of a country has become an indicator to measure economic develop-
ment. Thus school drop-out has been recognized as an important stake in Europe,
and its rate has been settled as one of the five criteria of European reference that
should allow Europe to be the “world's most competitive and dynamic knowledge
economy.” The European Commission then fixed the objective of reducing the
European school drop-out rate to less than 10% in 2020. Different facilities have
been set up in France in this line, called “dispositifs relais.”

“Dispositifs relais” allow temporary schooling, adapted to students from middle
school and who have been identified as at risk of school drop-out. These facilities
aim at re-solarizing and re-socializing these students[53]. Among these facilities
(“dispositifs relais”) stand the “Classes relais,” created in 1998, which are a specific
program that takes in charge for a limited time, eight weeks, the students described
above in specific conditions: small groups—twelve students at maximum—, a
tripartite agreement between parents, student and the educative community, an
individualized path, specific work on orientation [54].

In this line, this research aimed to understand the specific functioning of a
“classe relais” and the specific teaching practices or activities. The study was
conducted in a “classe relais” in Paris’ suburbs, run by two main teachers, and
welcoming three students from three different middle schools. Data were collected
thanks to field observations and semi-directed interviews with both teachers and
students. The study identified that the main effort of the teachers’ practices in this
class was the movement from the children’s self-perception to a more positive
value, enhancing the children’s perception of others (their peers and the adult
figure) and of learning and school. These dimensions are in line with other authors
[55] that explain that positive or negative perceptions of the subject on himself and
the other components of the relational situation have to be understood as important
energetic sources stimulating or orienting the motivation, or on the contrary,
inhibiting or decreasing the accomplishment.
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Results on her studies showed that among the teachers’ practices, the work on
emotions was taking an important place during the “classe relais” program, and it
was justified by the teachers as an essential work for the children following this
program, given their background and both personal and social issues. Indeed, a
common criterion of these children lay in their difficult and unstable familial
background. The main characteristics of the children welcomed during this session
were relational difficulties, difficulties to affirm oneself, aggressiveness, trying to
embarrass the adult, being excluded from the class, and familial difficulties. The
teachers also explained that these students and their families have postures that do
not correspond to the expectations of adults and the school, which compromises
their chances of success in school. In several cases, the teacher also explained that
the children welcomed in “classe relais” have very big traumas related to familial or
personal drama.

Given these characteristics, the teachers considered it important to shift chil-
dren’s self-perception, mainly through teaching about emotions and emotion
management. According to them, the children need to express and share their
emotions and experiences to feel better about themselves and enter the learning
process, as described below. This can be partly supported by other authors [56],
who showed that good emotional regulation abilities strongly predict academic
performance.

To do so, the teachers encouraged children to express their emotions and share
their histories and feelings. For example, on the very first day of the program, a
collective work was a game in which all the participants had to answer questions
written on the board game. The questions were related to personal and school
experiences. The expression of children’s personal history and feelings answers to
plural objectives for the teachers, one of them being the understanding of these
children’s difficulties, in a personal or academic view, as explained by one of the
teachers “sometimes they open up and tell us about the problems they have, which
sometimes the school has no idea about.” The teacher also believed this enabled
children to free some mental load and work better. And to encourage the children’s
sharing and expressing, but also to initiate a trusting relationship between them,
teachers “played the game” with children and shared personal emotions or stories
themselves.

A typical week in this “classe relais” included academic and non-academic
learning [48]. One teacher mentioned: a successful week is a week when students
“learn stuff in history, in English, stuffs on life, on your emotions, on your feelings,
etc.” According to the teachers, working on emotions enables both the development
of empathy and decreasing the feeling of being different. In this line, the program
included a weekly workshop on emotions, animated by an intern student in psy-
chology studies. During these workshops, the children were trained to recognize
peers’ emotions, name the emotions, the gestures usually associated with these
emotions, how to answer them, and how to manage a negative emotion. Also, the
teachers tried to work at the same time academic disciplines and the needs of the
children, including work on emotions, where children and teachers talk about
emotions, each time different ones, and the children were asked to write something,
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or to tell something, to train and practice in the meantime oral expression or written
expression, and emotion understanding and management. For another example, the
teachers also adapted drama workshops to the emotion’s workshops, dedicating one
of the drama workshops to emotions, aiming at developing children’s empathy.

The teachers also attempted to provide the children with tools to manage their
emotions. First, during the first day, while providing school supplies to the children,
the teachers also offered a notebook as a reference to the book they were to follow
during the program: “Anne Frank and her Kitty.” The tool was introduced to them
as a notebook that every child entering the “classe relais” is offered, in which
they can write whatever they want, and in which they can express themselves when
they feel sad or angry, for example. This notebook appeared to be frequent and
appreciated by the children. Second, when children were angry, frustrated, or had
trouble concentrating, the teachers provided play-dough. The children got easily
used to this practice. They were allowed to use it whenever they wanted, and it
appeared to reduce their negative emotions and enhance their attention during
lessons.

The main idea behind all these activities was to develop emotional competencies
to understand the different emotions and manage and cope with unpleasant emo-
tions. This way, within the frame of “classe relais,” these activities developed
positive emotions in children, helped them have a more positive-value
self-representation, and helped them keep on learnings and were focused on pre-
venting children from becoming school drop-outs.

5 Conclusion

The different studies that we have been carrying out in the past years present
consistent evidence that social and emotional competencies crucially contribute to
the holistic development of children. That school is an exceptional place that helps
children develop social and emotional competencies. Teaching and learning social
and emotional competencies in a school environment positively impacts children
and adolescents’ cognitive and social development and favors positive emotions.
We also presented evidence that social and emotional learning can be done through
active pedagogies such as drama pedagogies. Learning about social and emotional
competencies can enhance positive emotions in children. In this line, social and
emotional learning activities are fundamental in the methodologies of schools that
tackle the prevention of school drop-out. Moreover, we could see that teachers use
emotional teaching to reach their pedagogical goals, like students’ academic
achievement. That also helps them reach their professional expectations. In other
words, emotional teaching also leads to the professional and personal development
of the teachers.

The different evidence that we presented above shows how developing social
and emotional competencies and focusing on students’ emotions within the learning
environment is directly related to children's cognitive and social development,
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influencing processes that permit them healthy development. A healthy develop-
ment, through the respect of their learning processes and own emotions, seems to be
the key to developing a more just and peaceful society, and to achieve the learning
challenges of the twenty-first century, developing, on the one hand, positive
emotions in students and teachers, and preventing, on the other hand, school
drop-out.

Core Messages

• Social and emotional competencies contribute to socio-cognitive child
development.

• Emotional teaching leads to the professional and personal development of
teachers.

• Social and emotional learning and socio-cognitive competencies can be
taught and learned through drama pedagogy.

• Learning social and emotional competencies enhance children’s positive
emotions.

• Emotional learning activities are fundamental for preventing school
drop-out.
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13Surprise and Story in Thinking
and Learning and Their Absence
from Mathematics Education

George Gadanidis and Rosa Cendros

Children begin their lives as eager and competent learners.
They have to learn to have trouble with learning in general and
mathematics in particular.

Papert, 1980 (Mindstorms: Children, computers, and powerful
ideas, p. 40)

Summary

This chapter explores how the concepts of surprise and story appear in recent
educational research and how they are portrayed and translated into curriculum
documents. We answer the questions: how are the concepts of surprise and story
addressed in recent educational research? And how are the concepts of surprise
and story considered in curriculum documents? This review is based on studies
conducted over the past ten years that contained the term mathematics and one of
the following terms in title or abstract: “surprise,” “wonder,” “aesthetics,”
“beauty,” “insight,” or “story.” We also analyzed the same terms in mathematics
curriculum documents from over 24 jurisdictions in Canada, the United States of
America, Australia, and England. We found that the concept of surprise is not
commonplace in mathematics education research or curriculum documents,
while the term story appears numerous times, both in research and in curriculum
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documents. We conclude that more research is necessary to connect the use of
surprise and story to mathematics education experiences—to students’ mathe-
matical thinking and learning—that can truly spark a sense of enjoyment and
wonder around mathematical ideas. Similarly, curriculum documents should
offer a more explicit linkage between eliciting these aesthetic experiences and
the study of mathematics in K-12 education.

Graphical Abstract/Art Performance

Math surprise—a research performance.

Keywords

Curriculum � Education � Mathematics � Story � Surprise � Thinking

QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.
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1 Introduction

For a long time, there has been an accepted consensus that there is a close rela-
tionship between aesthetic experiences and doing mathematics [1–4]. Similarly,
many studies on mathematics education have reached an agreement in suggesting
an aesthetic appreciation of mathematics in students’ learning experiences [1, 5–8].
We refer to an aesthetic appreciation that can come in many forms, whether it is the
creative and artistic expressions derived from mathematics visualizations [9], the
beauty of a simple and elegant mathematical proof [2], the surprising unexpect-
edness of mathematical ideas and solutions [10], or the enjoyment of a well-crafted
mathematics story [11].

However, how has this long-standing consensus been taken in current mathe-
matics education research, and ultimately, how has it been translated to curriculum
documents which directly influence how mathematical ideas are approached in the
classrooms? This paper will look at two concepts closely related to aesthetics in
mathematics—surprise and story—and how they are portrayed in education. We
chose to focus on these concepts because we consider them as aesthetic factors and
human necessities.

On the one hand, stories are essential for humans to grasp the complexities of
their surroundings and communicate that understanding to others. Neuroscience
research has shown that stories are the basis of our thinking; the human brain
automatically makes sense of information and experience in story terms.

It’s not that we can use story thinking. It’s that we MUST. We automatically do. We can’t
not do it [12].

Rose [13] wrote

just as the brain detects patterns in the visual forms of nature and in sound, so, too, it detects
patterns in information. Stories are recognizable patterns, and in those patterns we find
meaning […] They are the signal within the noise [13].

Surprises, on the other hand, help humans understand puzzling and difficult
events. Humans are compelled to resolve and explain surprising events because that
is how we learn new things about the world and, therefore, are better prepared to
face such events in the future [14]. Adler [15] proposes that a surprise is a valuable
tool for learning. When students encounter surprising information, they are urged
organically to correct the content and understand what makes it so interesting.
Researchers have also found that it is possible to enhance the retention of infor-
mation through surprise [14], perhaps because surprise can make learning more
interesting and pleasant [16].

The collaborative work of the first author, in research classrooms in Ontario,
Canada, and in Brazil, over the last 15 years [17–19], has developed a simple test
that incorporates both surprise and story: When students are asked, “What did you
do in math today?,” are they able to share a story that offers mathematical surprise
and insight? For example, for the topic of area representations of fractions in grade
3, we engage students in shading square grids to represent the fractions 1/2, 1/4,
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1/8, 1/16, and 1/32 (Fig. 1). They then cut out the shaded parts. We ask: if you kept
doing this forever, shading more and more fractions in this way, cutting out the
shaded parts, how big would the new shape be if the shaded parts were put to-
gether? Students realize that the infinite set of fractions fits inside a single square.
They then share at home that it is possible to hold infinity in their hands (Fig. 2) and
help adults better understand the connection between infinity and limit and that
infinite series can have finite sums, which is at the heart of calculus.

As another example, for the topic of growing patterns in Grade 1, students build
odd numbers using linking cubes (as shown in Fig. 3) and realize that “Odd
numbers hide in squares!” (as shown in Fig. 3). They also build even numbers and
see that they “hide” in rectangles whose dimensions differ by 1 (Fig. 4). The grade
1 students then share their surprises and insights with their grade 8 buddy class,
who, in turn, use these representations to develop formulas for the sums of odd,
even, and natural numbers (Fig. 5). A research performance based on the above
ideas, including a music video based on scripts grade 3 students authored of how
they might share their learning at home, is available at the QR code related to
Graphical Abstract (Fig. 6).

Such experiences of mathematical surprise, insight, and storytelling add
humanity to the mathematics learning experience:

story makes us human and adds humanity to mathematics. Boyd notes that good story-
telling involves solving artistic puzzles of how to create situations where the audience
experiences the pleasure of surprise and insight. Solving such artistic puzzles may not be
commonplace in mathematics pedagogy and it may not always be easy, but the mathe-
matical beauty that results gives so much pleasure [17].

Over six decades ago, Snow [20] expressed sorrow about the dividing line
between science and art. Root-Bernstein [21] suggests that historically, science and
art are

very similar, certainly complimentary, and sometimes even overlapping ways of under-
standing the world

Fig. 1 Area representations of fractions
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even though it has been generalized in recent times that art is

“subjective, emotional, and based on intuition,” while science is “objective, analytical, and
rational.”

Fig. 3 Odd numbers hide in squares!

Fig. 4 Even numbers hide in rectangles!

Fig. 2 An infinite number of fractions fit in a single square
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This paper will explore how the concepts of surprise and story appear in recent
educational research and how they are portrayed and translated into curriculum
documents. We answer two questions:

i. How are the concepts of surprise and story addressed in recent educational
research?; and

ii. How are the concepts of surprise and story considered in curriculum
documents?

2 Review of Research on Surprise, Aesthetics, and Story
in Mathematics Education

To conduct this review, we initially searched in two educational databases (Pro-
Quest Education and ERIC) for literature published in 2010–2020 containing the
term mathematics and one of the following terms in title or abstract: surprise,
wonder, aesthetics, beauty, insight, story. Twelve papers provided salient findings
for this review.

Fig. 5 Sum of odds = N2, sum of evens = N(N + 1), sum of naturals = N(N + 1)/2

Fig. 6 A research
performance
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2.1 Surprise in Mathematics Education Research

Out of the 12 identified sources, only four papers provided research regarding
surprise in mathematics education. One of them related to surprise and aesthetic
experiences, one related to eliciting a sense of wonder through creative expression,
and the other two about building anticipation and surprise as part of a narrative, one
in gaming and the other in storytelling.

First, in relationship to surprise and aesthetic experiences, Koichu, Katz, and
Berman [22] found that surprise could influence students’ perception of the beauty
of mathematics. They interviewed middle school students, and two similar geom-
etry problems were presented to them, each with a different degree of surprise
associated with its solution. Students were then asked to evaluate the beauty of each
problem, and ultimately, the problem was rated as more beautiful when it had a
more surprising solution. This result shows that an aesthetic response can be in-
troduced in mathematics learning by manipulating the extent of surprise.

Second, in relationship with eliciting a sense of wonder through creative
expression, Waite [23] documented mathematics creativity in young children and
found that discovery and ‘aha!’ moments allowed learners to view mathematics as
something to be awed and excited about. In her study, she also found that planning
for mathematics creativity requires consideration of relationship, relevance, and
rigor. Maintaining a culture of not knowing is crucial to implementing this process
and boosting students’ confidence. She suggests that

creativity in mathematics is possible if students use dialogue and reflection to explain how
their thinking is changing, or what new things they are discovering about mathematics [23].

Finally, two studies in our review focused on surprising events within a narrative
introduced for mathematics learning. First, Wouters et al. [16] examined the effects
of surprising events in a serious game on mathematical learning. They found that
students who were exposed to surprise learned more than their counterparts who
were not. Hence, game-based learning and mathematics learning can benefit from
surprise as a narrative device. Ryan and Dietiker [24] interpreted mathematical
lessons as stories along the same lines. They found that they can build anticipation
and create surprise, which constitutes a stimulating approach to teaching elementary
mathematics. They developed a framework that allows teachers to unfold
mathematics

in a way that enhances students’ aesthetic experience (such as gasping in surprise) while
expanding their mathematical knowledge [24].

2.2 Stories in Mathematics Education Research

Story and storytelling were dominant topics in our review, with ten pieces of
directly related literature. Two of those pieces were also related to surprise and were
included in that section [16, 24].
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First, to elaborate on how stories increased mathematics learning, two studies
were experiments that controlled the inclusion of interactive stories [25, 26]. Both
studies found positive results. Gunbas [25] compared the learning outcomes of i,
students who used computer stories to solve problems; ii, students who used a paper
story instead; and iii, students who were taught with no stories (isolated word
problems). Compared with the second and third groups, students in the first group
achieved significantly higher scores. Furthermore, even the non-story treatment on a
computer was significantly less effective than the story treatment. Similarly,
Hassinger-Das et al. [26] compared mathematics vocabulary measures between
students who received an interactive storybook treatment and students who received
traditional instruction. There was an advantage for the storybook intervention group
on measures of mathematics vocabulary, both for words that were relevant to it as
well as those that were not. However, in that study, the researchers suggested
teaching the mathematics vocabulary along with other instructional approaches due
to the fact that they did not find an effect of the storybook intervention on general
mathematics learning.

Two studies in our review about teachers’ perceptions introduced a form of
storytelling as a teaching strategy to teachers and teacher trainers [27, 28]. Per-
ceptions in both studies were positive. Yuksekyalcin et al. [27] conducted their
study integrating digital story creation with drama and found that there were mostly
positive opinions regarding this approach from science and math teachers. In
addition, the teachers indicated that they prefer using creative drama in their
classrooms to attract students’ attention or make them think of the content they are
teaching. On the other hand, Mercat et al. [28] applied the C-book software with
teachers and teacher trainers. C-book is.

“an electronic book aimed at promoting creative mathematical thinking” that helps its users
blend “hyper-text, images and widgets of diverse origins into a single interactive narrative.”

In this study, the interactive narrative revolved around op-art pieces, art based
on patterns and colors that create optical illusions. They found that

technology, far from hindering the creative process actually can be used to help putting it
on firm grounds, […] by giving means to objectify the description and creation of the
artwork itself and making explicit the choices made, allowing for the creative exploration of
new original ways: ‘what if…’ [28].

According to two studies in our review, creating stories can also help teachers
assess understandings and misconceptions. McCormick and Essex [29] asked
children to write and illustrate multiplication and division stories. Researchers
found that many of the students who wrote correct stories had adequately con-
ceptualized unitizing, which is fundamental to place value, multiplication, and
division. Children were able to relate multiplication and division and did not find
one harder than the other. Their findings suggest a story writing assessment can
reveal students’ understanding and misunderstanding of operations in a way tra-
ditional tests cannot. Similarly, Karaoglan Yilmaz et al. [30] found stories to
address previously identified misconceptions and mistakes about fractions.
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Finally, but perhaps most importantly, stories foster an inclusive atmosphere in
mathematics classrooms, according to two studies in our review. Corp [31] used
stories that are culturally responsive in a third-grade mathematics class. In this
study, Black students (the target audience of the culturally responsive intervention)
regarded African American stories as highly engaging and enjoyable. Conse-
quently, because engaged students are more likely to grasp mathematics, the stories
contributed to their understanding to varying degrees. On the other hand, Green
et al. [32] designed an intervention for children with disabilities that integrated
mathematics and children’s literature. Children who received the intervention had
significantly higher scores on two standardized tests than the control group in total
math abilities, one-to-one correspondence counting, quantity comparison, and oral
counting.

To summarize, stories in mathematics:

• increase learning outcomes [25, 26];
• are positively evaluated by teachers and teacher trainers [27, 28];
• have a higher impact when delivered through or combined with computers

[25, 28];
• are helpful to reveal understandings and misconceptions when being developed

by students [29, 30]; and
• foster the inclusion of culturally and cognitively diverse learners [26, 31, 32].

3 Exploring the Concepts of Surprise and Story
in Mathematics Curriculum Documents

To conduct this review, we focused on Canada, the United States of America,
Australia, and England, and we limited our scope to jurisdictions with at least one
curriculum document published in 2010–2020.

3.1 Surprise in Mathematics Curriculum Documents

The term surprise does not appear in any revised documents or its stemmed words.
However, to deepen our search, we included terms that are related, or in some
contexts, synonyms. These terms were wonder, insight, and aesthetics (including
stemmed words). While there were more references to the mentioned additional
terms, there were still few mentions of the topics. All of them were included as part
of curriculum frameworks or descriptions but never as a part of the outcomes or
standards for any revised curriculum documents.

In most cases, the terms wonder, insight, and aesthetics appear described merely
as a medium to achieve understanding. For example, in the Alberta K-9 Curriculum
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[33], seven mathematical processes are defined, and the fifth process, reasoning, is
paired with developing a sense of wonder about mathematics.

The term insight is often paired with the construct of problem-solving in the
reviewed documents. In the Indiana Academic Standards [34], insight is achieved in
a problem-solving process when students consider similar problems or problems in
a simpler form. Similarly, in the Colorado Curriculum, insight results from sus-
tained reasoning during problem-solving [35]. In the South Carolina High School
Curriculum [36], students gain insight when applying their mathematics knowledge
and skills in varied contexts. Also, the curriculum for Knowledge and Employa-
bility Mathematics in Alberta [37] relates insight to creative thinking and unique
connections among ideas to be applied to problem-solving.

Only two documents in this review present ideas more related to creating a sense
of wonder in mathematics just for the pleasure of the experience. In the new
Colorado Academic Standards [35], three distinct purposes for mathematics are
described. One of them is to Experience Wonder, Joy, and Beauty. According to
this document:

Just as human forms and movement can be beautiful in dance, or sounds can make beautiful
music, the patterns, shapes, and reasoning of mathematics can also be beautiful. On a
personal level, mathematical problem solving can be an authentic act of individual cre-
ativity, while on a societal level, mathematics both informs and is informed by the culture
of those who use and develop it, just as art or language is used and developed [35].

Similarly, in the England Mathematics Curriculum, the purpose of studying
mathematics is also related to enjoyment and beauty, in addition to understanding
the world. According to the document:

A high-quality mathematics education, therefore, provides a foundation for understanding
the world, the ability to reason mathematically, an appreciation of the beauty and power of
mathematics, and a sense of enjoyment and curiosity about the subject [38].

In this curriculum review, we also looked at the term aesthetics and its stemmed
words to find references to students developing aesthetic experiences and appre-
ciating the beauty of mathematical proofs [10]. However, the term aesthetics in
curriculum documents always appears related to the visual and artistic appreciation
of the world. Furthermore, this appreciation for aesthetics is only included in two
documents at the secondary level (both from Quebec), and the term is absent from
elementary curriculum documents.

The Quebec secondary curriculum includes the term aesthetic in the description
and context of its programs, where the discovery of mathematics and its history is
seen as a vehicle to

develop an informed, aesthetic or critical view of the world [39].

This aesthetic view is also applied to the judgment of the media and the quality
of a message, as expressed in the following quote:

Mathematical competencies can contribute to the development of critical, ethical and
aesthetic judgment with respect to the media… [students’] spatial sense and knowledge of
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shapes, geometric figures and proportions can also help them develop criteria for assessing
media representations in terms of image and movement and for evaluating the aesthetic
quality of a message [39].

3.2 Stories in Mathematics Curriculum Documents

Compared to the term surprise, the term story appears significantly more in cur-
riculum documents. Most of the documents in our review include the term at least
once, and some of them include it several times in outcomes or achievement
indicators. Most of the time, the term is used in reference to story problems or story
context for mathematics problems. Using story problems, whether listening to them
or creating them (orally, pictorially, and in writing), is mentioned numerous times
in the revised documents. Below are some prominent examples.

Manitoba’s Grade 1 Curriculum mentions story problems across several
achievement indicators. For example, for the Number strand, one of the specific
learning outcomes (1.N.9) states that students are expected to

demonstrate an understanding of addition of numbers with answers to 20 and their cor-
responding subtraction facts, concretely, pictorially, and symbolically [40].

Some of the suggested ways students can demonstrate this understanding
(achievement indicators) are by acting out a story problem, indicating whether a
story represents addition or subtraction, and representing story problems pictorially.

Similarly, other provinces in Canada include story problems in several outcomes
and performance indicators. Story problems are included in number or numeracy
strands to represent or create a context for number sentences in all cases. For
example, by Newfoundland and Labrador curriculum guide [41], students are
expected to represent a given story problem with visuals or manipulatives, then
translate it into a number sentence. The opposite process (creating a story or
problem based on a given number sentence) is present in the Nova Scotia cur-
riculum [42]. The same indicators and some suggested activities appear in the
curriculum documents of New Brunswick [43], Alberta [33], and Prince Edward
Island [44].

Also, the US Common Core Standards include the story as a context of learning
and provide it as an example in several outcomes, so, for example, students should
“create a story context for 4 � (1/5), and use a visual fraction model to show the
quotient” [45]. This is included in all revised documents from states that adhere to
the Common Core Standards [35, 46] and other states that still have not followed
the standards, such as Florida [47].

However, there are a few instances where stories in mathematics are not directly
associated with numeracy. First, in the British Columbia Mathematics curriculum
[48], a story is included in one of the curricular competencies in relation to
indigenous perspectives and other cultures. The document states that students
should
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engage in problem solving experiences that are connected to place, story, cultural practices,
and perspectives relevant to local First Peoples communities, the local community, and
other cultures [48].

Also, the New York curriculum gives a special connotation to the use of stories
in mathematics learning. This document uses the metaphor of a story to guide the
mathematics curriculum, which is

based on the principle that mathematics is most effectively taught as a logical, engaging
story [49].

Therefore, the curricular structure is a dynamic, unfolding tale devoted to one
character: The Unit (as in a unit of 5 apples or just 5) for grades K-5 [46], The Ratio
for grades 6–8 [50], and The Function for grades 9–12 [51]. The story is used as a
framework to sequence mathematics curriculum, as it is described in a support
document:

At the elementary level, the story’s main character is the basic building block of arithmetic,
or the unit. Themes like measurement, place value, and fractions run throughout the sto-
ryline, and each is given the amount of time proportionate to its role in the overall story.
The story climaxes when students learn to add, subtract, multiply, and divide fractions; and
solve multistep word problems with multiplicative and additive comparisons [49].

This means that by understanding the unit as the main character in a story, the
curriculum encourages relating, manipulating, and converting that basic building
block. Based on the unit, the progression for K-5 starts with the initial structures of
addition and subtraction, followed with place value and multiplication, and ending
with operations with fractions, all of which should be understood by the students as
unit-based procedures, which enables them to transfer skills and build upon pre-
vious knowledge.

4 Conclusion

Our review found that the concept of surprise is not commonplace in mathematics
education research or curriculum documents. Only four studies in the past ten years
(apart from work done by the first author of this paper) provided research regarding
surprise in mathematics education. One of them related to surprise and aesthetic
experiences; another related to eliciting a sense of wonder through creative
expression; and the last two were about building anticipation and surprise as part of
a narrative (in gaming and storytelling, respectively). This lack of research on the
topic is reflected in curriculum documents, where the term surprise is never con-
sidered in mathematics standards or curriculum frameworks and descriptions. Only
related terms such as wonder, insight, or aesthetic were present. All of them were
included as part of curriculum frameworks or descriptions but never as a part of the
outcomes or standards for any revised curriculum documents.
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In most cases, the terms wonder, insight, and aesthetics appear described merely
as a medium to achieve understanding. The term insight is often paired with the
construct of problem-solving in the reviewed documents. Only two curriculum
documents in this review present ideas more related to creating a sense of wonder in
mathematics just for the pleasure of the experience. On the other hand, the term
aesthetic always appears related to the visual and artistic appreciation of the world.
Furthermore, this appreciation for aesthetics is only included in two documents at
the secondary level, and the term is absent from elementary curriculum documents.

In contrast, the term story appears numerous times, both in research and cur-
riculum documents. The identified benefits of stories in mathematics education
include:

i. increasing learning outcomes;
ii. revealing understandings and misconceptions when developed by students;
iii. fostering the inclusion of culturally and cognitively diverse learners; and
iv. offering the possibility to integrate technology to increase its impact.

All these benefits, except for the last one, are matched in curriculum documents,
where stories (whether listening to them or creating them) are included not only in
frameworks and descriptions, as is the case for surprise, but also across several
achievement indicators most often related to numeracy and in one case associated
with deep understanding (matching benefits i and ii above). In one document, the
story is included in one of the curricular competencies in relation to indigenous
perspectives and other cultures (matching benefit iii above). And finally, in one
document, a story is used as a metaphor to describe the learning progression in the
curriculum.

The exploration conducted in this review shows that more research is necessary
to connect the use of surprise and story to mathematics thinking and learning in
educational settings, which can truly spark a sense of enjoyment and wonder around
mathematical ideas. Similarly, curriculum documents should offer a clearer linkage
between eliciting such aesthetic experiences and the doing and learning of math-
ematics in K-12 education. More ideas should be presented to teachers, not only on
how to apply surprise and story as a medium but also as a goal of learning
mathematics.

Having worked extensively with the ideas of surprise and story for 15 years in
classrooms in Ontario and Brazil, we caution that education reform should be
inclusive of various methods and approaches and value existing teacher and system
knowledge. We noted in Gadanidis, Borba, Hughes, and Lacerda [18]:

although reform is typically associated with change on a grand, pervasive scale, our model
is much less intrusive pedagogically. We are not seeking a revolution in mathematics
education, but a strategic focus on mathematics worthy of attention, worthy of conversa-
tion, worthy of children's incredible minds, which thirst for knowledge and for opportu-
nities to explore, question, flex their imagination, discover, discuss and share their learning.
We believe that occasional, well-designed aesthetic mathematics experiences “that are
immersive, infused with meaning, and felt as coherent and complete,” and the associated
experience of complex, surprising, emotionally engaging, and viscerally pleasing
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mathematics, can serve as “a process of enculturation” with lasting impact on students’ (and
teachers’) dispositions, living fruitfully in future experiences, by raising expectation and
anticipation of what mathematics can offer, and what the intellectual, emotional and visceral
rewards might be when quenching a thirst for mathematics.

Core Messages

• Thinking is logical as well as emotional and aesthetic.
• The human brain is wired to enjoy, create, share, and learn from surprising

experiences. Humans are storytellers, and the pleasures of good stories are
surprise and insight.

• Mathematics curriculum documents typically ignore surprise and story.
• Surprise and story can raise students’ and teachers’ expectations of what

mathematics can do.
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14Storytelling: The Ancient Tool of Using
Stories to Communicate Knowledge
for a Sustainable Future

Maria Hofman-Bergholm

The Saami’s are our teachers and we will learn from them.
Then we will be happier and healthier in every way.

Carl von Linnaeus after his trip to Lapland, 1732

Summary

As humanity faces alarming global problems and sustainable development is a
well-known concept by now, it seems obvious that we might need to do
something more to change the negative trend of disasters that humanity is facing.
There are already good thoughts, research, and science regarding sustainability,
but perhaps we need to add something more. One of the problems why climate
change escalates and not enough action seems to be taken might be that there is a
disconnection between science, culture, and traditional knowledge. We know the
facts produced by research and highlighted by population groups possessing
traditional knowledge. But we still do not seem to know how to act on these
facts in a proper way. This will be a theoretical chapter discussing some possible
ways in our work forward towards sustainability. Is there a way to reconnect
science, culture, and traditional knowledge? Could it be done through education,
or should we broaden the perspective to also include informal education through,
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for example, transformative tourism? This chapter will discuss the possibilities
traditional knowledge with its history of storytelling could provide in the
struggle to reconnect important systems in our society. Could we use storytelling
and systems thinking as a method and means to understand and approach the
complexity of the concept of sustainability?

Graphical Abstract/Art Performance

Grandmother and granddaughter.
(Painting by Sophie Skagersten).

Keywords

Indigenous knowledge � Nature entrepreneur � Nature guide � Storytelling �
Sustainability � Traditional knowledge
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Humanity is facing alarming global problems of overpopulation, an insecure food
system, and an increasing shortage of clean water and sanitation. Even though
sustainable development has been a familiar concept for more than 30 years now,
deforestation continues, air pollution and biodiversity loss increase [1]. The last
decade has brought the climate debate to the front. Devastating hurricanes, floods,
droughts, earthquakes, and tsunamis have become a recurring feature in people´s
everyday lives through worldwide news reports. Discussions are raised around
climate change and whether it is human actions or inactions that have affected
nature and pushed these disasters forward.

In this context, Kakoty [2] raises an important question; if we agree that human
actions directly contribute to climate change, why is no action taken to correct it?
One possible answer to this question is probably to be found in the systems created
by mankind, political and economic systems with a focus on a constant growth
cycle and with one purpose: an ever-growing consumption and production.
Nowadays, the main focus of all societies seems to be consumerism, which is
declared as a requirement to achieving happiness [3, 4]. The politics and economic
forces have convinced us that our happiness is dependent on growth and con-
sumption [5]. This, in turn, has led to the fact that prosperity is identified with
consumption and wealth [6].

If we put this in relation to Kakotys [2] reasoning around the economic system
developed by mankind based on a model of raising growth from ever-increasing
consumption, we must now understand that an ever-increasing consumption
requires an ever-increasing production of wares which is why we now start to face
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the limited supply of natural resources. This and the fact that some recent studies
indicate that an increase in income per capita does not correlate with levels of
happiness after reaching a certain point in income per capita should be a wake-up
call [5, 6]. An adapted system thinking could facilitate the understanding of this.
Plain and simple, more money does not mean more happiness after reaching a
certain level of income; instead, there is research indicating that our habits of
overconsumption are pushing us in the opposite direction towards illness, our habits
seem to alienate us from our social relations that are important for our well-being
[5]. These insights put in touch with the understanding that our overconsumption
depletes our natural resources call for a new way of thinking. More and more, it
now appears that social relations (living with) and active participation in the society
where you do things for others are equally or more important to our well-being than
economic values [7]. Then it should be obvious that there is a need for a new way of
thinking, considering that our current, unsustainable lifestyle does not give us the
benefits we think it does. We may need to be reunited with the idea that the
meaning of life is not consumption; instead, we should look for what makes our
own life feel meaningful. That means we need to change our current mindset and
adopt a new view of our relationship to and interaction with nature [8].

For a long time, Western science has been highlighted as the leading science
with a hegemonic dominance, which has caused a kind of marginalization and
dismissal of indigenous and aboriginal perspectives [9]. In 2015 the United Nations
(UN) members agreed on 17 sustainable development goals (SDGs) where the
importance of traditional indigenous knowledge is highlighted as important to reach
a truly sustainable development [10]. Research shows the importance of integrating
traditional knowledge with Western science for a sustainable future; however, very
little is mentioned about how to proceed. Some opportunities will be discussed here
on how we could possibly integrate science from different fields with culture. But
first, the concept of sustainability needs to be discussed.

2 The Western and the Indigenous Concept
of Sustainability

Sustainability is a complex concept. The scientific community has commonly
accepted that there are four dimensions interrelating in the concept of sustainable
development, i.e., the economic, social, ecological, and social dimensions. But
there are also different aspects of the dimensions included, which are complexly
interrelated, and that is why sustainability and sustainable development is perceived
as very intricate [11].

Broadly speaking, the Western view of the concept of sustainability and the
indigenous differ in some areas. The Western concept of sustainability differs a bit
from the indigenous concept; Throsby and Petetskaya [12] note that the two
approaches share some common concerns, but there are also differences between
the Western and the indigenous view of the concept. Both the Western and the
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indigenous views of sustainability consist of a worldview based on the thought that
the world is built by holistic systems where everything is interconnected in different
ways, and nothing exists in isolation, but the way the holistic systems are char-
acterized differs a lot between the approaches. In the Western concept, the con-
nections consist between major areas as macroeconomy, the natural capital stock,
climate system, and society. In the indigenous perspective, the holistic systems and
interconnections are more comprehensive, encompassing other areas as kinship,
language, country, and ceremonies. The indigenous perspective embraces the cul-
tural perspective in a completely other way than the Western [12].

Some researchers [13] argue that it would be possible to integrate local and
indigenous knowledge systems with science to develop effective cooperation and
facilitate the exchange of knowledge between the different knowledge systems.
However, to achieve such kind of collaboration requires a change in how we
approach the local, traditional or indigenous knowledge system. It is not to be
“scientific studies about” or “scientific studies into,” it should be a collaboration
with equitable engagement for supporting investigations into our shared environ-
mental challenges [13]. Also, Mazzocchi [14] argues about the importance for the
two different approaches of knowledge systems to come together and see the value
in learning from each other.

Herman [15], Tulloch [16], and Wolff [17], among others, argue that Christianity
and the scientific revolution have developed a philosophy of knowledge that
dominates our Western thinking today. Nature has become an object of control
through technology. This development has resulted in a disconnection between
science, culture, and traditional knowledge, which is one of the major problems
today as science gives us tools, but it is the culture that determines what we do with
the tools. If science and culture are disconnected, we might develop scientific tools
that, in the long term, are useless if we cannot understand how to use them in a
proper way. This disconnection is also why Herman [15] deduce climate change to
be a social and behavioral issue.

To reconnect man with nature and science with culture and traditional knowl-
edge, it seems urgent to integrate systems thinking in all levels of education, as
suggested by Hofman-Bergholm [1]. Systems thinking provides a holistic way of
thinking about all parts of society and nature as interconnected and is probably a
prerequisite for a sustainable future. Systems thinking both could and should be
integrated both in formal and informal education to speed up the urgent change that
is needed in our way of thinking. UNESCO (the United Nations Educational,
Scientific, and Cultural Organization) has also raised the importance of changing
the way people think and act for a sustainable future in their Global Action Program
on Education for Sustainable Development—Future Forward [18]:

Long-term sustainable development can be achieved only if individuals and societies
change the way they think and act. Education is key to achieving this transformation [18].

But in this reasoning, one should remember that this is a paradox. For example,
the well-known UN document from 1992, Agenda 21, pays the greatest attention to
education. Education is emphasized as a key to a sustainable future, but it is
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education as it is formed today that has brought us to the point where we stand now,
in an unsustainable situation. Christianity, Dualism, and education are three pos-
sible factors that have influenced societal development to this stage. The devel-
opment of education has, over time, led to education being disconnected from the
social or societal context. As long as humanism focuses on human development, the
gap between man and nature will remain. However, education may not be the only
tool for creating a good and functioning society; this is not the task of education.
The task of education is to discuss what a good life consists of, not to create and
develop it [17]. This reconnects to Herman’s [15] thoughts on the disconnection
between our different systems in society today.

Beckford et al. [9] argue that if we want a new ecological ethos, we need to start
with education, not education as it appears today, but an education that has realized
the value of indigenous knowledge, which could generate sustainability and
stewardship. But as the change in educational systems is known to be very
time-consuming [1], a way to accelerate the needed change in people’s attitudes
could be possible through greater investment in, for example, transformative
tourism and other kinds of informal education. More reading about integrating
systems thinking in formal education could be found in [1]. This chapter will now
focus on traditional knowledge, sustainability, and transformative tourism as a way
to affect societal development towards sustainability.

3 Traditional Knowledge and Indigenous Knowledge

There is no universal definition or word for the knowledge of indigenous people.
Traditional knowledge, indigenous knowledge, and local knowledge can be seen as
different terms with similar meanings. It refers to cultural, non-material knowledge
transmitted from generation to generation and from individual to individual in local,
aboriginal, or indigenous societies [12, 14]. Blewitt [8] use the term “traditional
ecological knowledge: the wisdom of the elders,” meaning ecological traditions
transmitted from generation to generation. According to Mazzocchi [14],

traditional ecological knowledge is interpreted as a cumulative body of knowledge, prac-
tices and representations that describes the relationships of living beings with one another
and with their physical environment, which evolved by adaptive processes and has been
handed down through generations by cultural transmission.

In the pre-modern society, it was general for common people to have extensive
species knowledge about plants and animals. Marks and rules, clues, sayings, and
rhymes were used to store and remember the knowledge of nature. This was a
condition for survival in a society where nature was a major resource. Folk poetry
was a tool for predicting weather at a time when survival depended on weather,
wind, drought, rain, heat, and cold. Tradition and storytelling conveyed knowledge
about how to read the signs in nature. Even today, there are known statements about
how to read nature, e.g., “when the swallows fly low, it will be rain,” but nowadays,
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people have greater confidence in the weather service’s forecasts and consider such
claims to be oddly curious claims from the past [19].

But what happens to such valuable knowledge when the older generation can no
longer tell about it, and most of the younger generations have switched to gainful
employment from agriculture? Children and youths seem to alienate more and more
from nature, which has negative consequences such as the fact that they assimilate
little or no knowledge of nature, which at a later stage leads to ecological illiteracy.
This, in turn, affects the attitude towards nature in adulthood, which can have a
negative impact on the planet’s long-term health as you have to get to know nature
to care about it [20].

4 Traces of the Sustainability Concept in Aboriginal
Cultures

One can trace the sustainability concept a long way back in aboriginal cultures
through studying the old languages of different tribes and peoples. For example, in
northern Scandinavia, the Saami people, an arctic indigenous population group
living in interaction with nature, have a tradition of transferring their knowledge
about their living environment and local traditions to the next generation by story-
telling. And they have a special word for this Saami traditional knowledge, “árbe-
diehtu,” embracing the conditions of nature and man in its context. It is a holistic
view which means that man and the environment must be considered and treated as a
whole. “Árbediehtu” is seen as a collective knowledge the Saami carry with them,
and it consists of knowledge about heritage, traditions, customs, and ways of life.
The Saami believe that biodiversity is a prerequisite for all life on earth and forms the
base for the ecosystem services necessary for human existence and well-being [21].

This can be seen as an example of that indigenous people have a holistic
worldview and live in interaction with nature. They understand the interconnected
systems needed for a sustainable future. This probably applies to every different
aboriginal culture as it seems like indigenous groups embrace this kind of world-
view. Another example can be found in New Zeeland, where the word “kaitiaki” is a
Māori who has a duty to pass the environment to future generations in good con-
dition according to the Cambridge dictionary [22]. An article [23] published in 2017
on the New Zeeland science learning hub develops and explains in a little more detail
what the worldview of the Mãori looks like. Beyond “kaitiaki,” the Māori people
also have a responsibility to maintain the viability, mauri, which permeates every-
thing and binds together the spiritual and the physical world. The Maori term for this
assignment is “Kaitiakitanga” which means patronage, stewardship, or care and
must be interpreted in the right context of the Maori who have a holistic relationship
to the world around them. “Kaitiakitanga” means reciprocity; nature needs to give
the people who take care of it “kaitiaki” what they need to meet their needs, both
physical and spiritual. “Kaitiaki” are responsible for ensuring that nature retains its
ability to do so in the future, that it retains its “mauri,” its vitality.
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4.1 Sustainable Development, Traditional Knowledge,
and Biodiversity—How Are They Connected?

Primarily we need to remember and understand that the basis for all life is actually
nature. If there were no nature, there would not exist any economics, culture, or
social life. This is the reason why sustainability, in the beginning, was linked to
biology and was perceived as some form of nature conservation. Now, within the
era of the climate crisis, we can see that our whole society is dependent on
well-functioning ecosystems, and ecosystems are dependent on biodiversity [11];

Biodiversity is the name given to the variety of ecosystems (natural capital), species and
genes in the world or in a particular habitat. It is essential to human well-being, as it
delivers services that sustain our economies and societies [24].

This is how the European Environment Agency defines the word biodiversity.
The economic values of the European culture are obvious. Sustainable develop-
ment, biodiversity, and ecosystems are interconnected to the macroeconomy exactly
as Throsby and Petetskaya [12] suggest in the discussion on the Western concept of
sustainability earlier in the chapter. The ecosystems on earth are seen as a capital
stock that provides humans with a variety of goods such as food, wood, fuel, carbon
dioxide absorbers, water purifiers, and recreation, goods that form the basis of
human social and economic well-being [25, 26]. In addition to providing humans
with these products, ecosystems also help to prevent the spread of disease through
biological control. The ecosystems in the world also provide humans with genetic
and medical resources for the prevention or cure of diseases [26]. This together
constitutes ecosystem services and biodiversity–a service from nature to mankind.
But it can only thrive and survive if we take care of it in a proper way based on a
worldview with its origin in traditional knowledge. One could say that the future of
mankind lies in the hands of mother nature or Pachamama (the Inka Earth mother).

We depend on nature to survive, but during the last years, indigenous groups in,
for instance, South America have raised their environmental concerns, which are
based on ancient beliefs. They emphasize that our current problems derive from our
abuse of the sources of Pachamama [27, 28]. It feels frustrating that aboriginal
people with their worldview bear less responsibility for climate change, but they
will probably suffer the most of the climate change and its negative effects as they
are dependent on the ecological system [29]. The Sami Parliament [21] in Sweden
defines the term biodiversity as a prerequisite for all life on earth, and it forms the
basis for the ecosystem services that are necessary for the existence and well-being
of mankind.

Already in the early 90 s, it was recognized internationally that traditional
knowledge played an important role both in the protection of biodiversity and in
achieving sustainable development [30]. Article 8 of the Convention on Biological
Diversity urges us to:
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…respect, preserve and maintain knowledge, innovations and practices of indigenous and
local communities embodying traditional lifestyles relevant for the conservation and sus-
tainable use of biological diversity…. [31].

Gadgil et al. [30] argued already in 1993 that traditional or indigenous knowl-
edge has great potential and was rediscovered to be a model for how to live in
healthy interaction with the environment, but Campbell [10] states that it is just
recently we started to understand the real importance of the traditional knowledge
system. Indigenous cultures manage about 28% of the world’s land surface, and
they serve as guardians for most of the animal and plant species in the world.
Calculations count to 80% of global biodiversity that indigenous cultures preserve
and guard. All over the world, we are all dependent on nature and the food system
that nature provides us with. Yet we have kept on denying the indigenous people’s
battle against the extensive deforestation, the degradation of land, and the conse-
quences of climate change until lately when international organizations have started
to recognize the importance of this fight and global advocacy of indigenous peoples
is lifted to the front [10].

In Canada, researchers have worked with the Canadian mainstream curricula to
implement indigenous perspectives. They claim that our modern society has lost
track of its connection to the environment. They also highlight the rights Canadian
students have to learn about indigenous knowledge, perspectives, and episte-
mologies and to learn the indigenous way of living in interaction with nature that
could help mainstream people in Canada to reconnect with nature [9].

Beckford et al. [9] has conducted research through interviews with officials of
the Walpole Island Heritage Center to examine different cultural aspects of envi-
ronmental stewardship and sustainability in their work, looking for lessons for
teaching ecological education in classrooms in Canada. One of the older female
respondents stated:

We are totally dependent on our land. Without the river we would have no fish, without the
marshes we would have no ducks, without the mishkodi we would have no medicines,
without the beauty of nature we would have no peace. The land is our soul [9, p. 244].

This quote alone could answer the question about how sustainable development,
traditional knowledge, and biodiversity are connected. Nature is something more
than just for our material survival. Take time to read and ponder the quote. It occurs
very simply and is an example of systems thinking that would be quite easy to teach
even small children to understand and could help develop a more wide and deep
form of systems thinking. That is why storytelling for traditional knowledge
transformation could be very valuable to offer, from kindergarten to adult education
and also in transformative tourism. Storytelling can make facts more easily
accessible and understandable.

According to for instance the Arctic Centre at University of Lapland [32], sto-
rytelling has been used throughout centuries to communicate traditional knowledge.
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5 Storytelling

Storytelling is a two-way interaction, written or oral, between someone telling a story and
one or more listeners. It is a well-known and powerful means of communicating messages
and engaging audiences [33].

Storytelling can be seen as the ancient tool of communicating knowledge
through telling stories, and it has the potential to engage and motivate the listener in
a completely different way than traditional logical-scientific communication of
knowledge [33]. To communicate evidence and place the knowledge in a context
through storytelling makes it easier to understand and process the knowledge for the
audience, and it is shown to increase the willingness to act upon the knowledge
[33]. That makes storytelling a powerful tool in changing human actions and is a
possible tool to use within the area of transformative tourism to enable change. This
is as storytelling is shown to engage the listener, and engagement is in a key
position in the process of change.

One of the reasons why climate change seems to continue without people
reacting very much is the cause of a common psychological reaction when we face
environmental problems or concerns. This common psychological reaction is denial
or apathy, which are a kind of defense mechanism that our species has evolved to
continue affecting and harming nature in bad ways, even though we all know it is
wrong or have bad consequences [34]. But imagine if these defense mechanisms
could be affected by emotional connections when facing facts through storytelling
as, according to Sundin et al. [33] turns out that if a person feels emotionally
involved and engaged, he or she is more likely to act upon new information or
knowledge.

Also, the UN has highlighted storytelling as a possible tool to use to make the
SDGs more concrete and tangible for the public. Digital storytelling through videos
and documentaries is one way to move forward according to sustainability projects
within the UN. In a UNESCO [35] publication, storytelling is highlighted as an
effective ESD (education for sustainable development) pedagogy because tradi-
tional stories that contain the wisdom of the elders reflect values that develop
respect for the environment and cultural heritage. Or as Bird Miller [36, p. 15]
states.

Story-telling may provide a bridge between “once upon a time” and today, somewhere else
and right here, as well as traditional and Western scientific knowledge.

6 Transformative Tourism: A Possible Pathway Forward
with the Guidance of Skilled Nature Entrepreneurs

According to research on the subject, transformative tourism simply means tourism
that affects the tourist in such a way that a change in attitude and possibly a change
in lifestyle occurs, see for instance [37–39].
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Transformative tourism strives for a changed attitude towards nature and is also
expected to turn customers into important messengers to change the interest in and
protection of nature, among others. Sustainable tourism is often described as the
opposite of mass tourism, and it also includes respecting the indigenous peoples and
the areas that are important to them. Some researchers use the term sustainable
tourism, other use transformative tourism, but it seems like the fundamental value
of sustainability constitute a common basis for both views, or perhaps you can say it
is different terms used for activities with the same desired results, namely to
transform tourism towards a profound form of sustainability [37–39]. Walker and
Moscardo [37] describe sustainable tourism as local activities providing insights
and a sense of the local place and destination, which, according to the theory,
promotes the development of responsibility within the tourist to take care of the
place or destination and preserve it. To preserve, interpret and reproduce aboriginal
cultures and lifestyles for tourists are often suggested as tools to achieve the insights
and sense of place needed to develop the sense of responsibility [37].

There is a lot more to transformative tourism than attitude change, but in the end,
striving for a sustainable future and sustainability is the main underlying focus of
transformative tourism. From the literature on transformative tourism, one can find
descriptions like cross-cultural understanding, global citizenship, positive change in
values and attitudes, and changes in lifestyle [38].

As a result of their conceptual model, Pung et al. [38] propose that:

tourist transformation is facilitated by contextual stimuli which strike the tourists and lead
to reflecting and integrating new knowledge, skills and beliefs, which ultimately enhance
the tourists’ existential authenticity and increase the tourists’ cross-cultural understanding
and pro-environmental awareness, with potential consequences on long-term behavior [38,
p. 2].

Kirillova et al. [39] suggest that the tourism industry’s representatives who
endorse life changes among tourists need to convince the tourists to act upon their
own inner existential courage and selfhood. To reach a person’s sense of selfhood,
emotions need to be involved. To infuse for example moral values within younger
generations, storytelling has been used for generations [35].

7 The Nature Entrepreneur: A Link Between Modern Man
and Nature

Research emphasizes that people need to get to know nature and develop an
understanding of it to nurture it in a proper way [40]. As a result of urbanization,
less and less people know nature in a deeper sense. Children of today do not
develop any deeper contact with nature, both children in the countryside and in the
cities spend a lot of time indoors, and their relationship with nature is abstract rather
than concrete [41].
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We perceive the outside world in two different ways, spontaneous attention and
directed attention. When we stay in nature, spontaneous attention is switched on,
and the brain registers impressions from the outside world without much effort.
Nature provides a kind of free zone from the high-tech society that constantly
makes demands, where performance is a key, and the directed attention is used.
Nature is perceived as unpretentious. The need to be alone and the need to dis-
appear from demands is common. Being alone in nature gives man a feeling of
avoiding competition with other people for a while [42–44]. Urbanization took off
around the turn of the last century, and since 2008, more than half of the world’s
population lives in cities. This has led to lost contact with nature, but not only in the
cities. Also, children (and adults, the author’s addition) in the countryside has
largely developed an “urban” relationship with nature because life in the coun-
tryside has changed dramatically in the last 40 years [41].

The lost nature contact is not good for any of us. In Scandinavia, nature en-
trepreneurs have understood this, and there are nowadays nature companies that
offer various services to customers that need the peace nature can bring them. That
modern man recovers and feels good in nature despite the fact that most of us are
not very close to nature in everyday life has its origins in the childhood of mankind.
Living in nature is the normal state of the human species; it is the home of the
human species with a deeply human experience of a life in close contact with nature
[45].

There is research indicating the importance of forest visits for people’s mental
well-being and how staying in the forest affects heart rate and blood pressure. The
research suggests that the forest may be a suitable environment for the rehabilitation
of workers who are on sick leave due to stress [46]. Our bodies are adapted to
moving and physical activity. This is how we have lived since time immemorial,
except now very recently when most people sit still most of their waking time. This
also applies to the inside, which is adapted to nature’s different sensory impres-
sions, but nowadays, most people live in nature-poor environments with other
sensory impressions. Living habits have changed so that most of us live under
constant stress and mental health suffers. It is obvious that humans can handle a lot
of stress and a high-tech life, but only if we in between make sure to take a break
and let the body return to an inner state of rest. The timeless inner self needs real
breaks with nature’s presence to cope with the stressful everyday life we live today
[45].

The reasoning so far seems to indicate quite clearly that mankind needs some-
thing more than money, goods, and consumption for their welfare. Man needs to be
reunited with the meaning of life, and for this to be possible, a change is required in
the current way of thinking about consumption, status, and one’s relationship to
nature. The relationship with nature needs to change towards a living in interaction
with nature which is something the aboriginal groups often do. To change man’s
relationship with nature, transformative tourism and storytelling could play an
important role. And the occupational group that could be highlighted to play an
important role in the work towards sustainability are nature entrepreneurs and
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nature guides. They could serve as ambassadors for sustainability, both ecological
and cultural, and at the same time be a link between modern man and nature.

Being a nature entrepreneur often involves multifaced tasks, varying working
days, and many different types of challenges. Most nature entrepreneurs are con-
sciously or unconsciously ambassadors for sustainability. In a nature company led
by a nature entrepreneur, nature forms the basis for the entire business. Quite typical
of a nature company is that the business often varies depending on the season.
Nature companies also include companies that engage in various forms of nature
tourism [47].

Some nature tourism companies also have niched in on taking care of the
cultural heritage. The Swedish National Heritage Board in Sweden [48] has written
a report very worth reading on how cultural heritage can support sustainable
societal development. They state that:

Cultural heritage helps to create belonging and understanding of our places in the times.
This is expressed by cultural heritage saying something about how we are and what we
have been, where we are and where we are going.

As a reconnection to both nature and culture has been lifted forward by many
researchers as required for a sustainable future, it is of great importance that nature
entrepreneurs and nature guides also in the continuation are encouraged and
appreciated for their work within this area. They have the opportunity to, in addition
to formal education, teach people the importance of biodiversity, ecosystems,
nature contact, traditional knowledge, and cultural heritage for a good life in the
future.

8 Discussion

To help us reconnect to nature and culture, education is an important cornerstone,
but not the education that has taken us to where we are today but a changed
education. As educational change is shown to be very time-consuming, we also
need to find change agents in other areas of informal education. Here I suggest that
nature entrepreneurs and nature guides can play a major role through working and
offering services within transformative tourism and informal education. Nature
guides and nature entrepreneurs can be seen as a very important professional group
to make the modern man more interested in nature and culture and develop the
necessary understanding of biodiversity and the interconnected systems in nature
that we have to take care of so that nature can continue to take care of us.

Aboriginal people often possess traditional knowledge, but we sadly have a
history of not treating the indigenous people of the world very well. Can we expect
them to be willing to tell us their stories? We might need to take ourselves by the
collar and get away from the static we-them thinking and make sure we, in a
respectful way, could exchange stories and experiences before it is too late. This
could be a dimension within the area of transformative tourism to take hold of and
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develop in a respectful way. My suggestion is that nature entrepreneurs and nature
guides could act as a link between locals/aboriginal people and tourists to keep the
stories alive and transfer the important traditional knowledge to the future. In other
words, the professional group of nature guides and nature entrepreneurs could be
highlighted and lifted forward as an important cornerstone in the society to
reconnect man with nature and for a sustainable future to thrive.

9 Conclusion

From the discussions in previous paragraphs, it turns out quite clearly that native
people have a different approach to nature and its resources than non-aboriginal
people. But here, we who are adjusted by the Western way of thinking should take a
step back, look at ourselves and our Western preconceptions and critically review it.
The power of change is in our hands. We could change our mindset and not make
this a “we and them” discussion, we could adopt a cross-cultural approach and all
come together and learn from each other’s cultural and traditional stories. Because
in the end, there is no “we and them,” we are all dependent on the natural resources
that we sooner or later are running out of if we do not take the necessary steps
towards change in our mindset.

It is a bit interesting that almost everyone thinks about changing the world, but
very few think about changing themselves. We seem to have forgotten that we all
are a part of the world. The change needs to start within yourself. Listen to the
stories of old and wise people, take the stories to your heart and let the change begin
from there.

Core Messages

• Science, culture, and traditional knowledge need to be reconnected for a
sustainable future.

• Traditional knowledge and cultural heritage are indispensable to reconnect
the modern human with nature.

• Storytelling with the potential to influence change in mindset could be a
suitable tool to transfer traditional knowledge.

• Nature entrepreneurs and nature guides could be important cornerstones in
transferring traditional knowledge.
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15Unshackling Learning

Horace Crogman and Maury Jackson

Let us tell them that they are all the more truly what they do not
think they are because they do not know it; for they do not know
the penalty of injustice, which above all things they ought to
know- not stripes and death, as they suppose, which evil-doers
often escape, but a penalty which cannot be escaped.

Socrates

Summary

This chapter analyzes the relationship between thinking and learning. It employs
the philosophical method; that is, it questions accepted beliefs about the nature
of thinking and its relationship to reality, e.g., whether it reflects reality or
constructs reality. A brief review of influential philosophical voices sets the
broader context for framing the problem, leaving us with a bigger problem to
resolve. We are left to explore what is necessary for our exercises in thinking to
bring about long-term cultural change. To explain and explore this topic, we
offer flow diagrams to model the neuron processes that organically reinforce a
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relationship between thinking and learning. The dynamics between thinking and
learning, under sensory stimuli and through the perceptual frames employed,
impact social norms and behaviors, thereby warranting educational visions that
intentionally reform thinking and learning through backward and forward feeds,
respectively. This transformative sketch is proposed to better understand how to
unshackle learning from the societal disparities that reinforce inequalities that
directly affect gender and racial groups.

Graphical Abstract/Art Performance

The long Road to Racial Equally. Based on actual data from 1981 to 2007, it
will take 140 years for the black percentage of full-time faculty to reach the
current percentage of blacks in the United States population.

(Reproduced with permission from [1]).
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Since Descartes published his famous Meditations [2] in 1641, much has been said
about the subject of thinking. Some argue (though not among those who subscribe
to Freudian notions of subconscious drives) that we become our thoughts. This
means that our actions and character formation occur due to thinking. Philosophers,
educators, and others have long sought conceptual demarcations to establish the
foundation for an adequate definition of what it means to “think.” An adequate
definition of thinking offers the necessary and sufficient conditions for some related
tasks, i.e., delivering instruction and discovering clear and precise notions (both of
which shape our beliefs and spirituality). All of this involves a better understanding
of the brain and its relation to many dimensions of our human nature.

On the one hand, for example, as a rationalist, Descartes relates thinking to
existence. Although he never put it exactly in the language of “I think therefore I
am,” this phrase aptly summarizes his investigative findings. With his thought
experiment, Descartes reasoned from thinking to existence. Some go beyond
merely showing that existence is implied in the act of thinking. They suggest that
mental processes allow humans to shape the world into their image, that is,
according to their goals, plans, ends, and desires. We form our thoughts,
decision-making, and problem-solving through mental manipulation of informa-
tion. Thinking results from information manipulation. On the other hand, as a
skeptical empiricist, Hume [3] believed that ideas are born from experiences.
According to his thinking, there is a direct link between our thinking and
experience-generated ideas. Here we move in the opposite direction from Descartes,
not with thinking shaping reality, but with the notion that experience influences and
even creates human thought processes. The rational and empirical notions of the
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origin and power of thought and its relationship to (and interaction with) the world
lead us, consequently, to relate thinking to learning. The tension between the dis-
puted rational and empirical basis of thinking has been captured with clarity in the
book by Mortimer J. Adler entitled Intellect: Mind Over Matter. Adler offers a
philosophical description of human consciousness (cognitive, conative/appetitive,
and affective dimensions). From this field of consciousness, the mental powers
emerge as intellectual, cognitive, appetitive, and sensitive powers. This broad yet
detailed analysis reframes the discussion regarding the objects of the mind, i.e.,
percepts, memories, images, and concepts. In one sense, they can all be loosely
called objects of thought. And this is where the more recent challenge occurs;
namely, will our future understanding of thinking grow from studying the phe-
nomena as an empiriometric science or through metaphysical reflections? [4]. In
reflecting on thinking, we make connections to learning. By participating in any
task, the circle of learning requires that a person necessarily move beyond the
theoretical abstraction of mere ideas into a concrete realm and back.

This chapter will tackle the obvious and less obvious connections between
thinking and learning, that is, how they influence each other. We elucidate how
flawed thinking leads to disastrous consequences and further show how better
thinking feeds into better learning. The interaction between learning and thinking is
also beneficial for the larger human community. At this point, a number of ques-
tions converge, particularly, what role does language and culture play in forming
and informing our thinking? This question has been investigated to understand the
nature of language [5], its influence on scientific thought [5, 6], and its impact on
structural education [7]. As with all things, there are also downsides, which come as
a result of lacking informed feedback into the thinking-learning interaction. A cycle
of misconception is perpetuated as students learn incomplete and half-truths (i.e., in
introductory courses or their own personal construction of reality) without the
benefit of a challenge or confrontation. These same persons stand before future
students as professors with half-truths that keep faulty thinking alive [8]. Here we
see the impact of language on thinking within different forms of life as, Wittgen-
stein perceived it. Thinking is advanced by debunking what had previously been
thought to be true.

Humankinds’ thinking intrinsically drives the learning process. Eventually, this
led social communities to create educational systems that were intended to bring
about human progress through guiding and structuring learning: often called “tra-
ditioning.” Throughout human history, the ability to course-correct these traditions
or “schools of thought” came through a complex dance between thinking and
learning [9]. And what followed came conflicts of interests that led to inevitable
groupings. These “schools” shackle the human thought process by creating cultural
frames that, in too many instances, slow human progress and promote alienation
[10].

Throughout human history, superstition provided the raw material that formed
the scientific development of important concepts known today. Humans once
believed the earth was flat, an idea that was confirmed by an ordinary approach to
what they perceived every day as they looked toward the horizon. This looking was
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connected to survival instincts. It caused people to postulate the danger that awaits
one who sails too far out on the ocean: fear they would fall off the edge. Never-
theless, the developments in science have left us with ambivalent results, i.e., either
freeing or shackling human thought and knowledge shaping a new reinforced
belief. Throughout history, individuals arose who elevated society from the ashes of
the cultural norms that the masses followed. These exceptional individuals caused
gigantic shifts in thinking and belief. The pre-Socratic thinkers’ ideas were less
celebrated in their time [11]. Yet, it is important to note that a number of these
individuals, throughout history, were slaves, priests, women, scientists, second-
class citizens, children, great and small. This testifies that thinking is that property
and ability accessible to all and that elevates humanity toward its next discovery.

While there remains a philosophical dispute over whether language is discovered
or invented, it is beyond dispute that natural human languages have been shown to
move in novel ways. This demonstrates the innate creativity of the users. In
addition, there is little dispute that language systematically shapes human thought in
ways that push us beyond the signification systems of the lower animal kingdom
and their development and adaptation. The human language-creating capacity
allows us to ask questions that drive human exploration and constantly reshape our
thought. This led us along with the silk road evolution of history through trial and
error: paving paths forward for the human cognitive power to develop and aid in
performing remarkable feats.

Diverse circles of society influence thinking in different ways, such as theo-
logical and religious guilds. Indeed, what would Western civilization be without
Christianity’s philosophical thought? Christian thought is infected with a doctrine
of resistance. In this way, it has done more to reform and liberate the thinking of
humans than any theological thought before it. Thinking is power, and this can
implode on itself. Christian faith compelled its initial devotees to read for them-
selves (e.g., the Bereans). This inevitably generates the persons’ thinking abilities,
which, in turn, unshackles the minds once locked up in figurative and literal chains
[12]. Christian formation repurposed education by not only centering on the elite’s
learning but also directing its energies toward the peasants. Increasing a popula-
tion’s literacy also empowers them to shape their newly acquired information into
indigenous cultural thought. So, while it is true that these religious circles have, at
times, been culpable of shackling the mind of humanity, they have also sparked
some of the single most important movements to reform human thinking. This
reform in thinking was generated by the juxtaposition of reigning ideas with novel
ideas recently encountered. This juxtaposition posed challenges to current beliefs
and initiated a conceptual conflict.

Society, in some sense, has forgotten how we got to where we are. Many want to
replace theological thoughts with scientific ones. Yet, this may be another shackle
on human thinking that could just as well lead to humanity’s own destruction.
Whenever ethical boundaries are unreflectively shredded and theological principles
pushed aside, in the fervor of exciting new knowledge, unforeseen problems
emerge. Besides educational advances, many Christian movements also contended
for gender and human rights. For example, in his shaping of Christian philosophy
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[13], Paul contests the notion that women are second-class citizens and that slavery
was an acceptable institutional practice for economic wealth building [14]. Chris-
tianity denounced the barbarity seen in Roman Gladiator games and secured its
eventual overthrow [14]. Unlike many philosophies before it, Christianity deman-
ded freedom, love, and education for all, slave and free, women and men.

Thus, the educational system within Western societies was shaped by Chris-
tianity [15–17]. Nevertheless, given all of its inherent potential for good, Europe’s
civic societies used this faith tradition to shackle the poor during the Dark Ages and
African societies during their time of colonial expansion [18]. Yet, because of its
inherent proclivities to resist oppression, Christian devotees inevitably rise to break
these bonds, to open freedom and education to all. How Christian ideas relate to
thought and learning shapes the outcome of humanity.

At the forefront of “thinking” is the question of how humans learn. Ideas about
learning were constructed by the likes of Piaget, Vygotsky, and Chomsky. For
recent generations, teaching children how to read was built directly on Chomsky’s
Whole-Word theory: a theory that goes back to Horace Mann in the 1800s. Though
quite revolutionary for their time, these ideas also caused a shackling of our current
education system and may have resulted in the diagnosis of some reading dis-
abilities [19]. Who or what shackles our learning (both within our educational
system and in our thinking beyond formal schooling)? What role does formal
education play in opening minds to free humans from their cultural prejudices and
languages? Is scientific “truth” a sufficient criterion for overriding those miscon-
ceptions that have now crystallized in our thinking and continue to influence our
behavior? Feyerabend [20] believes that science, itself, is an ideology that inhibits
freedom of thought, such that we are obligated to oppose it: “Any ideology that
breaks the hold a comprehensive system of thought has on the minds of men
contributes to the liberation of man.” What are the essential elements that will
unshackle learning and enlighten human thinking potential? We will proceed to
better understand how humans acquire their thinking abilities, how thinking is
connected to learning, and how the interaction between them impacts societal
norms and behaviors.

2 How Thinking Occurs Within the Brain

Over time, the concepts regarding how we think about our reality were shaped by
thinkers such as Heidegger, Piaget, Vygotsky, Merleau-Ponty, Chomsky, and
Dewey. Progress from these thinkers led to the development of neuroscience and
cognitive psychology. These fields contribute greatly to our understanding of
thinking in our time. By defining thinking, cognitive psychologists have encour-
aged great debates. There are the socio-biologists, behavioral geneticists, bio-
physicists, and computer scientists who all contribute to (and muddied the waters
for) an agreed-upon definition of “thinking.” And depending upon their meta-
physical commitments, those definitions might imply reductive materialism
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between the brain and the mind or imply an instrumentalist/functionalism position,
which relates mental activity to brain activity without reducing them to the same
identity. For our purpose, thinking is defined as an intellectual exercise aimed to
find answers to questions, which means that it will engage all the language process
centers of the brain.

From functional magnetic resonance imaging (fMRI) studies, neuroscientists
found that, as a task gets progressively harder, the neural activities, particularly the
prefrontal cortex, increase, which suggests an increase in mental processing. Mental
process engagement is associated with a neuronal activity that we can correlate to
thinking [20–23]. Thinking about where our thoughts come from is helped by the
analog of electron activity. Electrons move in random directions inside a metal, or
similarly, the random direction of magnetic domains in magnetic materials captures
a comparable image. When an electric field is applied to the metal, the electrons all
align along the field. This is the same process that applies to the concept of mag-
netic domains. The claim asserted here is that in a similar way, “thinking” happens
involuntarily in the brain as neurons randomly fire. Here, sensory stimuli combined
with memory recollection occur like the electric field, and the random firing of the
brain’s neurons occurs like electrons’ movements in the metal. This picture captures
what is meant by “Thinking.” The senses capture the stimuli, which bring the
neuron firings into focus or alignment, resulting in new thinking. For instance, if the
eye captures something interesting, curiosity is aroused, and whatever was occu-
pying the attention before has now shifted to what the eye sees, this whole process
describes how thinking emerges. All thoughts are now focused in a particular
direction, which causes questions to arise in the mind about what is being seen. For
this reason, while it is ordinary to hear of a person multi-tasking, this, nevertheless,
is not possible. Suppose there is a very loud noise taking place outside, as you sit,
by a window; this sensory stimuli combined with your memory recollection takes
the opportunity of the potential to shift thoughts into focus by directing neuronic
pathways to the visual centers of the brain to align with what is happening in the
auditory peripheral. Your attention is now directed to the noise as questions arise.

Figure 1 is a flow diagram that models the connections between thinking and
language. Here we see a basic process where sensory input brings information into
the brain from the environment to show how learning may then be achieved. How
we perceive a stimulus will be strongly influenced by our language [24]. The
thinking at the center of Fig. 1 is engaged with sensory information. There are two
paths illustrated by Fig. 1 as they apply to the thinking process:

i. as the brain engages with an incoming stimulus, the first path compares
incoming information through memory recall with its storage knowledge. If this
knowledge exists in some incomplete form, new questions may arise, or further
thinking may result. If the stimulus is nothing new nor stimulating enough, then
interest is lost, and all thinking stops (Fig. 1); and

ii. the second path is the result of an unknown object or situation and which
bypasses the comparison phases. This instantly piques our curiosity.
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Whenever our curiosity is engaged, by either path i or path ii, it will generate
questions that drive our focus and exploration. However, note that the questions we
generate depends on the environment and whom or what exists there. Figure 1
illustrates this thought in the pedagogy element. Notice two types of languages
involved:

i. I-Language: the trained language (instructor); and
ii. L-Language: the untrained language (learner), steeped in cultural norms,

develops through cultural experiences.
The L-Language influences thinking the most, and this is what must be chal-

lenged to bring about learning.

3 The Dance Between Thinking and Learning

Learning is the acquisition of knowledge or skills through experience, observation,
change in behavior, or instruction [24, 26]. Learning functions like the concept of
work in physics. For work to be done, it requires a change in position or condition.
So too, the process of learning happens when our belief practices change behaviors
or orientation due to changes to our thinking. Thinking is truly a dynamic system in
that it changes with time. Thinking and learning have a correlated relationship that
makes it difficult to show any causal relationship. This means they are connected as
a feedback system. By feedback, we mean any two dynamical systems connected
together such that each system impacts the other. Thinking and learning are (in

Fig. 1 Generated questions learning model showing the dynamics at play around (1) question
asking, (2) the student, and (3) the instructor in a learning environment. (Adapted from [25] under
a Creative Commons Attribution (CC-BY) 4.0 license)
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most instances) strongly coupled together. The interplay between thinking and
learning helps us become more conscious about our surroundings.

Figure 2 attempts to create a mathematical representation of the relation between
thinking and learning. In some later work, we will provide more details on how to
model this relationship. In Fig. 2, the inputs are sensory (sight, sound, taste, touch,
and smell), each of which focuses on thinking. Thinking initially occurs in
L-language (perception framed by cultural biases, misconceptions, prior experi-
ences, and noise) with the crude output of learning that generates organic feedback.
Thinking at this stage is more instinctual and may lead primarily to forming and
reinforcing stereotypes, following impressions and superstitions. Left unchecked, it
can lead to internalized racism and prejudice that conditions the cultural makeup of
L-Language. This language informs our learning before the I-Language affects our
thinking. However, I-Language's forward and backward feeds engage higher-order
thinking and learning, which transforms the L-Language into R-Language (re-
structured language). With this process, the thinking of the learner is reformed. The
learner is now able to achieve critical or deep thinking.

In order to foster the learning process, it is the purpose of instruction to bring
about struggle, or dissonance, in the learner's mind. This requires learners to
restructure thoughts or compare them against (or even abandon) prior schemes and
knowledge in the face of empirical facts and new inferences of reasoning. This
mental struggle between the new concept and the learner’s acquired concept is
called conceptual conflict [27]. Thus, conceptual conflict results from differences or
changes in position, which, in turn, bring about learning. Conceptual conflict
solicits and stimulates the curiosity of learners, which causes the thinking to flourish
as the brain generates the necessary questions that promote the learning event. The
resulting end product of thinking is learning. In other terms, learning is an outcome

Fig. 2 The interaction between thinking and learning through language
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of thinking. In physics or any other subject, every student starts with a deep-rooted
system of commonsense attitudes on how the physical world works [28]. This
springs from personal experience that develops over many years, a primitive
practicing science form. When these experiences do not match the scientific truths,
students have misconceptions or misunderstandings.

Learning does not create thinking, but it helps our thought be better positioned
for deep-level thinking. Moreover, thinking drives exploration, which, in turn, tasks
the learning conditions to reshape thinking in a hermeneutical circle. A goal of
teaching is to inform, but teaching is only truly effective when it intentionally
creates targeted conceptual conflict [29]. Thinking and learning is the way the brain
refines itself.

How can instruction maintain and continually enrich this dance between learning
and thinking? Instruction uses sensory stimuli as a way to solicit the learner’s
curiosity. Curiosity motivates learning, exploration, or a fantasy-fulfillment. Mal-
one [30] believes that “[T]he way to engage learners’ curiosity is to present just
enough information to make their existing knowledge seem incomplete, inconsis-
tent, or unparismonious;” this emerges whenever one is faced with conceptual
conflict. Sensory input is like the selected frequencies that bring thinking into focus,
creating the potential to awaken the learner’s curiosity (Fig. 3). Malone designates
as sensory that which maintains “interest” in the senses (a cat playing relentlessly
with a ball or newborn consumed by a fireplace). Berlyne [31], on the other hand,
designates these same instances as a function of perception, which stems from
motivating visual and sensory-inspection, as well as the attentiveness to novel
perceptual stimulation. What is true in both the newborns’ and cats’ reactions to the
stimuli presented is the same engaged response.

Nonetheless, the human brain is wired for language, which is why children learn
the language without being taught, and it is the language that differentiates humans
from all other animals [24, 32, 33]. At its early stage, the child has a language

Fig. 3 The connection
between language and
curiosity. (Adapted from [24]
Creative Commons
Attribution License (CC BY))

264 H. Crogman and M. Jackson



deficit; it functions in its surroundings without systematic-purposeful intent. Yet, a
child’s brain is wired to slowly acquire language and gradually transition beyond
random playfulness toward systematic, purposeful learning. Language brings to the
human brain cognition, which further embeds the language into the structure and
feedback loops that guide sensory interpretation (Fig. 3). Crogman [24] unifies
Malone’s sensory curiosity and Berlyne’s perceptual curiosity into what he terms
“base curiosity” (Fig. 4). By combining these differing insights, he offers a per-
spective that shows the broader composition of learning related to curiosity. The
distinction is that perceptual curiosity is language feedback onto sensory curiosity.
Moreover, perceptual curiosity is when the difference between human and animal
curiosity commences. Curiosity is of two kinds:

i. base that is instinctual; and
ii. cognitive that is educated and structured [24].

This unity comes in the form of feedback between the base and cognitive
constituents of the primary and raw structures of thinking, and on which cognitive
curiosity is developed further through the evolution of language.

A good stimulus provides something new for (or teases out something inter-
esting from) the learner. The unfamiliarity or reflection about prior knowledge
catalyzes the learner into a state of thinking. The time response and question-asking
signify a clear indicator of the learner's thought. When conceptual conflict is cre-
ated, the mind is flooded with questions, which instruction must nurture. Questions
are the result of thinking deeply about something interesting to the mind. In this
framework, instructors use demos, describe situations, or ask questions to stimulate
—these tools model for the learner how to probe their question-asking behavior.

Fig. 4 Interplay of language between the base and cognitive curiosity, and their subcategories.
(Adapted from [25] under a Creative Commons Attribution (CC-BY) 4.0 license)
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Instructors can query learners’ questions by:

• putting forward a question to work on and modeling exploration for the learners
to emulate;

• soliciting from students to produce their question and then perform inquiry;
• unraveling student’s misconceptions by inquiring directly or through media; or
• creating discussions to inspire learners’ new questions [24, 26].

3.1 Language and Thinking

Language is the device that human beings use to code their thinking or commu-
nicate it. Our language is shaped by culture, which may positively or negatively
impact outside the cultural boundaries. The Sapir-Whorf hypothesis [34, 35] states
that the structure of a language regulates the modes of thinking and behavioral
attributes of the cultures in which it is articulated. However, we may replace the
word “conditions” with “determines.” Some researchers suggest no empirical evi-
dence supports that language determines thought [36]. Unexpected grammatical
novelties or changes affect how humans perceive the world based on their language
and thinking differences [37, 38].

The interaction between language and thinking can be coupled in a way anal-
ogous to atomic interactions. When the electronic transition happens much faster
than the vibrational motion, we use the Born–Oppenheimer approximation to
separate the electronic motion from the vibrational motion [39]. So too, changes in
our thinking can be influenced by every sensory stimulus we may encounter. These
changes happen in rapid succession; however, their influence on language happens
much slower. Therefore, language cannot be a determining factor of our thinking
since thinking can be decoupled from language; however, “habitual uses of lan-
guage can influence our habit of thought and action” [40]. In the long run, our
thought changes the language itself.

Language plays a fundamental role in the human brain, from the processing of
color to making moral judgments. We express the way we think through the lan-
guage we speak. Vygotsky says that the merging of thought and speech in children
climaxes at about age 2, at which point their language transitions into internal
thought and rationalizes their cognition [41]. It is the stage at which we argue that
the language feedback transforms into based curiosity (Figs. 3 and 4). Language
does not occur in a vacuum, but culture is the vehicle in which it is created, shaped,
and grown. As culture changes, language shifts. For instance, Mandarin speakers
are faster to recognize temporal relationships than English speakers [42], which
may suggest that language habits help shape the habits of thinking. Cultures with
pronoun-drops tend to be more loyal to the collective values, whereas cultures with
non-pronoun drop languages, such as English, tend to bring about individualism
[43]. Our understanding of the world is whittled through language. For Piaget,
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children can use language to construct complex environment structures, trans-
forming low-level conceptual models into high-level ones [44].

Cultures are the habits we develop through experiences. We use our cultural
experience to construct our language, which, in turn, impacts the way we think.
Think of Russian speakers who master color recognition better than English
speakers, and how Japanese speakers classify objects by material instead of shape,
unlike English speakers [38]. What we perceive as colors is influenced by what we
see and what we call them. In some communities, space is defined relative to the
observer, so if the speaker does not stay focused on space constantly, they will not
convey their meaning adequately [24]. Gaby [45] noted that the Kuuk Thaayorre
language lacks active spatial metaphors when describing time, for example [45].
Using absolute frames mean that the description is always independent of the
observer’s orientation. They are not plagued with such confusing use of language as
in English, where someone has to clarify, “No, I meant my right, not your right!”
Thus, how individuals in totally different societies locate themselves in space or
handle color informs their thought about the environment and vice versa.

3.2 Cultural Stereotypes Go Wrong

The words of famous Marcus Garvey exclaim, “We are going to emancipate our-
selves from mental slavery because whilst others might free the body, none but
ourselves can free the mind. Mind is your only ruler, sovereign. The man who is not
able to develop and use his mind is bound to be the slave of the other men who use
his mind.” Misunderstanding and misinterpretation emerge from unsuccessful
connections between past presuppositions and newly acquired information [46, 47].
Misconceptions shackle learning and form stereotypes that propagate ideologies
like racism, sexism, and classism. Those broken educational systems reinforce these
dangerous ideologies.

Take, for example, the ideology of racism. The biological family of a woman
named Rachel Dolezal uniformly identified as white; nevertheless, she chooses to
identify as a black woman. Ms. Dolezal recognized that race is not a biological fact;
it is a social construct. Among many in Africa, the notion of “Black” people is not
taken seriously, and in Europe, identities are not reduced to “White” people. Black
and White are constructs of superiority and inferiority, much like in India: evidence
of America’s own caste structure. This is a shackle that continues to impact what we
think and learn. This enslavement of the mind evolved and grew in American
society. During the period commonly known as the era of Jim Crow Laws, in-depth
segregation in the American society formed the White/Black binary. At what table
counters did those folk eat, who were neither Black nor White or what doors did
they enter through?

Racial stereotypes have destructive thinking and learning outcomes in society.
The Jim Crow ethos trickled down into the systemic barriers that victimize Black
people today. Black people were largely responsible for the gains made through the
Civil Rights Movement, but due to structural racism, they often experience the least
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of its benefits. In reaction to these inequities, some unexpected changes in thinking
found ways of transforming the narrative employing the rhetorical phrase “people
of color.” This new designation refers to an array of groups who did not suffer from
the levels of injustices and marginalization. Today the term “people of color”
socially forms a new class for anyone of the marginalized non-White groups. The
unintended consequence further the obstacles of social uplift for Black Americans.
An anti-black racist often uses the “people of color” category to reinforce Amer-
ica’s historical injustices against Black people: filling job vacancies with non-black
persons-of-color. Consider how Asian Americans are designated people of color,
yet they are overrepresented in economic and educational success outcomes [48,
49]. This does not suggest that racial stereotypes for Asian Americans do not exist.
One stereotype labels them as very intelligent, which works toward their favor in
the educational system and workplace. However, this creates unreasonably high
expectations of young Asian American children, leading to unhealthy levels of
anxiety [50]. This is not unlike the challenge many of the children face in the
countries from which their parents have immigrated [51].

Again, these racial constructs often harm thinking and learning. The stereotypes
shape persons to advocate for social norms that propagate structural racism. This
effect is observed at the intersection of the educational and prison industries. Moody
[52], in studying the reading skill of Texas prisoners (253 prisoners from 130,000
randomly chosen), reported that roughly 80% of the jail detainees were practically
illiterate. Forty-eight percent of prisoners were dyslexic, while two-thirds struggled
with reading comprehension. Another study by the Bureau of Justice Statistics, in
its Special Report on the Educational and Correctional Populations, published that
among state prison inmates who have not completed a high school degree or
obtained their General Educational Development certificate, 66% have a learning
disability, and 59% a speech disability (possibly a symptom of dyslexia). Based on
these data types, the correlation between literacy and crime is forged. In 2020, the
Federal Bureau of Prisons reported that African Americans make up 38.2% of the
prison population. Black people are only 13% of the total United States population.
This demographic itself conditions thinking beyond the prison population and into
the larger society (i.e., Black people are more likely to commit a crime). The
incarceration rate of Black people at least triples the rates for Hispanic people and
White people in every American state [53]. Nellie points out that the disparity
within the prison system in the United States is a result of racialized discrimination
[53]. Apparently, we are building a society that marginalizes individuals of color
and causes them to drop out or fall behind in school. Thus, the inequality gap is
larger for such individuals. Black males already experience both overrepresenta-
tions in special education programs and racial discrimination, and their difficulties
are compounded further as dyslexia is added to their plight.

Furthermore, they are often misdiagnosed and placed in programs for behavioral
or cognitive disorders instead of being in programs for remediation of their dyslexia
[54, 55]. This contributes significantly to a reading gap. There is no evidence that
people commit crimes because they cannot read, and these correlations are
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coincidental, while the real culprit is the inequality gap in society. Marginalization
is directly responsible for poor economic and educational outcomes.

Another example to consider, as an illustration of the effect of thinking and
learning, is the ideology of sexism. Gender stereotypes involve the beliefs held
about the place that females and males hold in society (to say nothing about those
who resist the gender binary). These beliefs have a negative impact that affects the
career choices of young individuals, bolstering gender stereotypes and widening the
gender gaps in certain careers [56]. In considering the push to encourage Science,
technology, engineering, and mathematics (STEM) programs, many in America
believe that boys are superior at math to girls. And in fact, we could point to some
outcomes where this seems true. There is, however, a clear failure to understand
how society, over time, creates and shapes this reality. Consider the following: in
2013, nearly 6 out of 10 women in the United States received undergraduate
diplomas in all fields and half of the fundamental and applied science diplomas.
However, these percentages gloss over hidden disparities, once broken down by
fields, which cause concern. Women earned less than 20% of computer science and
engineering credentials and slightly more than a third of the degrees received in
physics and math. These statistics worsen when ethnic identities break down the set.
In 2012, minority women received less than 10% of the undergraduate degrees
awarded in the field of engineering, physics, math, computer, and biological sci-
ences. This number improves to nearly 15% when social science disciplines are
added [57]. Women represent half of the United States college-educated labor force,
yet in the workforce are just 29% of the STEM. Again, this ratio worsens for
minority women, representing less than 1 in 10 researchers and engineers [58].
A recent study of 350,000 participants across 66 countries shows that in countries
with a high enrollment of female students in tertiary science education, gender
stereotypes are weaker. Ironically, stereotypes about women were strongly gen-
dered in those countries with supposedly high overall gender equity [59].

In some Middle Eastern and African countries, it is believed that girls should not
go to school. We saw how this played out in the life of Noble Prize winner Malala
Yousafzai, who was shot by the Taliban [60] for advocating for girls’ education.
Traditionally, this was true in Western nations not too long ago. Reading and
writing positively impact the development of language (we have already noted the
relationship of language to thinking and learning). It also helps to provide a his-
torical record of past and present events. Reading and writing help to imagine future
possibilities as it structures the future language and reimagines lost connections
from the past. In turn, this helps the people in those cultures think more critically
about recording those events.

In considering how these shackling ideologies take root in social thinking and
behavior, we must also reconsider ideology’s role as the shackling tool of propa-
ganda. Propaganda has been used effectively to shape people’s thinking as it
remains the rhetorical tool for society’s stereotypes. The Nazis regime in Germany
used language to appeal to and manipulate the masses. It is reported that the
German Minister of Propaganda said in 1934, “We must speak the language which
folk understand, whoever wants to speak to folk must, as Luther says, pay heed to
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folk speech” [61]. Hitler understood this and made a similar pronouncement a year
earlier: “I must not measure the speech of a statesman to his people by the
impression which it leaves in a university professor, but by the effect it exerts on the
people” [62]. Hitler also wrote that “All propaganda must be popular and its
intellectual level must be adjusted to the most limited intelligence among those it is
addressed to. Consequently, the greater the mass it is intended to reach, the lower its
purely intellectual level will have to be” [63]. Language has an ordinary usage that
must be challenged or confronted by new ideas to overcome the tools of propa-
ganda’s shackles. Daly and Trofimov [62] argue that the interest in what the
common mass thought and said became an important datum to discredit the Jewish
people. Thus quotes, slogans, phrases, and proverbs that were anti-Semitic became
a daily message. Today negative stereotypes about Jewish people still plague
Western societies.

Many fear that former United States President Trump and his Republican
political opposition research allies employ the propaganda tool or the dog whistle of
fake news. This is sounded to reshape a large part of American political thinking
regarding the commonly accepted reliable sources. This plays to the impulses of the
low information voter like giving them the license to dismiss the dangers of the
COVID-19 pandemic in 2020. They tune in to the president as he reiterates the
ineffectiveness of masks and touts Hydroxychloroquine as a cure for the
COVID-19. This rhetorical echo convinced some of “the most limited intelligence
among those” Americans to refuse wearing masks and take an unrecommended
drug. Herman Cain, a Black Republican presidential candidate who aligned himself
with the Trump regime, died from the COVID-19 after advocating for people not to
wear masks [64]. This is a clear indicator of how thinking shapes behavior even in
the most so-called educated and rational minds. The thinking of these supporters is
shackled to a political ideology that causes them to ignore the warnings of the
organization that was put in place to handle these sorts of crises.

The negative impact of language stereotypes felt by Black people worldwide
primarily comes from American White supremacist cultural stereotypes. Because of
America’s global footprint in foreign policy, its rhetorical tropes condition the
world’s thinking/behaving in ways that lock in culturally marginalized modes of
structural racism. This also influences deep suspicion of Western attempts to “de-
velop” or “aid” other nations around the globe. On the African continent, where
Ebola is prevalent, many health workers are attacked because of a belief that
Western nations create fake diseases to take advantage of them (villagers believe
that Ebola “is nothing more than an invention of white people to kill black people”
[65]). A similar situation occurs in Black American communities vis-a-vis the
healthcare system. A series of broken trust with institutions fuel Black peoples
suspicions:

i. insurance companies used various algorithms to calculate Black people's risk
scores prior to COVID [66];

ii. among Black children, the educational system is less effective, with a higher
rate of fourth-grade failure [67]; and
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iii. the criminal justice system’s disparities and the failed trust.
There are more law enforcement stops and questions for Black people than for

Whites, and 60% believe they cannot get a fair trial in the court system, compared
to 25% of White people [68, 69]. These aspects are compounded by a general
distrust of the government due to historical experiences of abuse from these
institutions. These examples testify to the power of thinking and illustrate the deep
need to unshackle our thoughts for actual learning and change to occur.

4 Can Education Systems Unshackle Learning?

In academia, which is supposed to be the place where the oppressive structural
phenomena should have no place, the true shackling actually flourishes. Take
physics, for instance; nationally, more than half of African American physics
faculty are employed at Historical Black Colleges and Universities, HBCUs. The
remaining African American physics faculty work at just 23 out of 746 depart-
ments. Thus, most physics students will never interface with a Black faculty
member in their discipline [70]. This might be one of the principal reasons why
only 4% of the bachelor’s degrees awarded in physics are earned by African
American students. LatinX faculty do not fare much better. The number of LatinX
physics faculty is only 1.5 greater than African American faculty, and half of all
LatinX faculty are in 46 departments (with the largest number in Puerto Rico and
Texas). This reflects an intrinsic lack of support for these professionals. As reported
by observers of the field, “underrepresented minorities are brought in as assistant
professors, sometimes through special programs that aim to improve diversity, only
to leave shortly thereafter” [71]. In large urban universities, the faculty will not
reflect the community they serve. How will they fulfill the goal to create diversity?
In California, the UC and CSU tertiary educational systems lack Hispanic and
African American faculty in the STEM fields. Very little is done by the adminis-
tration in these institutions to ensure the success of Hispanic and Black faculty
members. We constantly hear of the need for more “people of color” in the faculty
in academia; however, this has not led to equity in hiring across the board but to the
increased hiring of non-White people. This means that for Black communities, the
same systemic problem remains.

There also remains the problem of gender discrimination in academic STEM
programs. Table 1 shows the need for gender equity in STEM [72]. Male faculty are
up to four times more likely to be hired and develop a STEM career than female
faculty. This has a very negative impact on young girls who receive career coun-
seling in these fields. This is worse when ethnicity is taken into account. Research
has demonstrated a tendency for people to hire people who look like them, and this
would not bode well for either Black people, Hispanic people, or females in the
field. Women among the faculty were considered an underrepresented group, which
was true in the 1990s. However, the university actually became more diverse with
respect to gender, though not with respect to race and ethnicity. Figure 5 shows that
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53% of college faculty are male while 46% are female. This is an improvement
given that the university was historically a male-dominated institution—the influx
of women into the American workforce in the 1980s accounts for this change.
Moreover, the gain was also influenced by the Civil Rights Movement. Looking at
the data closely in Fig. 5, 41% of university faculty are White males and 35%
White females. This is near gender equity. While equity has been approximated in
gender, it has not been the case with race. White women are twice as likely to be
hired as their other racial counterparts in all ethnic groups combined. Thus, the real
problem is not just diversity but actual ethnic diversity. Black women fare the
worse, followed by Black men. If universities’ hiring outcomes became more
ethnically diverse, the gains in gender equity would remain intact. It is still true that
women overall fare less than White and Asian men in STEM, but Black men and
women fare the worse. The university institution has improved ethnic and racial
diversity in their student body, but their faculty remain largely undiversified. It is a
truism that achieving racial equity involves those most impacted by structural racial
inequity as a program for creating and implementing institutional practices and
policies that affect them.

What impact does this lack of diversity have on the mind of the learner? Our
thinking is shaped in part by what we experience. Education creates conceptual
changes that enhance examination, exploration, and deep thinking [26]. Conceptual
challenges require students to see the necessity for a change in their concepts [28,
74]. On the off chance that they do not recognize a conceptual change requirement,
misconceptions might emerge in their minds. When it reflects the stories of conflict
in STEM educational outcomes, the instructors’ language can be a catalyst for a

Fig. 5 The percentage distribution of full-time faculty for academic rank in degree-granting
postsecondary institutions, by race/ethnicity and sex: Fall 2017. (Reproduced from the U.S.
Department of Education, Institute of Education Sciences, National Center for Education
Evaluation and Regional Assistance (NCES) [73])
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conceptual change in all students. Research shows that people respond better when
the entities and communities they work and study in are more diverse.

When one of the author’s nieces was in high school, her Asian math teacher
constantly pointed to the contribution of Asians to education and expressed his
thought that Black people are not good at science. The mental toll on this author’s
niece was devastating. She was bullied by students of other ethnic groups. His niece
would constantly find herself in contention with the teacher over her work. Yet,
when her work was examined, it showed her to be oftentimes correct. Reading
some of the students’ remarks was disheartening, as they often reported to her how
the teacher had remarked on the superiority of Asian people over other people
groups. His niece only found courage because she lived with a STEM expert. When
there was an intervention with the instructor to correct perceptions and establish
facts, his niece dramatically improved and graduated top of her class. She later went
on to finish a double degree in STEM. The point here is that this young female’s
learning suffered because the teacher was shackled in their own thinking and beliefs
and thus also attempted to shackle the student’s own thinking, becoming an
obstacle to her progress and potential. Too many students of color suffer this
disparity because of a system in which learning suffers from conceptual shackles.

5 The Opened Mind

Questions are the key to unshackling learning. Human resilience is witnessed in the
struggle implied in the questions posed, and those questions compound when
curiosity is engaged. As we have shown before, thinking is unraveled when
instruction creates conceptual conflict. These conflicts can be awakened by using
clever tools that engage thinking and result in positive learning outcomes. In
environments designed for learning, i.e., educational institutions, research has
shown that pedagogies that engage the learners through a sense of randomness and
fun (through the sensory) encourage the learner to own greater autonomy in their
thinking and learning. Active learning strategies that make ample use of the sensory
capacities keep the learner’s attention and inquiry engaged throughout the whole
learning task (for more information, see [26] that shows the effect of sensory stimuli
in generating learners’ questions). When students can generate their own questions
and move onto exploration quests, they become unshackled learners.

An active pedagogy must create changes in the sensory system to provoke the
learner to reflect on past experience and examine prior knowledge against the new
concepts. This is referred to as perceptual learning, by which all learning must be
defined. Learning brings about changes in behavior that are measurable. Research
has demonstrated that human behavior is molded in the early years. Because human
perceptual systems are very mutable through thinking, it stands to reason that
instruction must utilize the right stimuli to shape the thinking as ways to improve
societal norms. Further, illiteracy is no excuse for marginalizing populations when
the outcome of thinking and learning can affect changes to advance the lives of the
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citizens equitably. It is important that good educational pedagogy grounds itself in
social justice actions, which by nature are designed to expose the wrongs of society
while endeavoring to solve inequities. It is irresponsible of any educational system
to cripple thinking by creating formulaic aspects of thinking procedures, such as
scientific thinking. Education aims to provide learners with the tools to reform and
improve their thinking. These tools must not contain harmful social biases such as
gender/racial/class and other stereotypes; they need to be effective for learning that
improves thinking.

Educational equity has promised that training strongly influences individuals’
life quality. This seems true in specific instances. Yet, because of racial, gender, and
other discrimination practices, an inequality gap largely affects Black people more
than any other population. For example, universities provide mechanisms to
negotiate one’s salary. Still, Black people often find themselves unable to succeed
in the negotiations compared to their White counterparts, be it women or men. In
STEM, physics education research has helped shape and improve educational
practices. Yet, a recent study shows that there are still large implicit biases in
selecting research participants and making general claims based on findings that do
not reflect the general population [75]. A large portion of the people responsible for
inequalities actually knows what is wrong in the system and how to fix it. This rings
true in the society at large; why have educational institutions failed to break this
shackle of thinking? Unfortunately, our response is not to acknowledge that edu-
cational institutions have failed. Here again, people prove too afraid to give up
power and comfortable positions for the sake of rectifying these imbalances.

How do we solve this problem, and how can our society reach race and gender
equity? Education seems powerless to overcome group prejudice because the
learning cohort is short-term. As we pointed out earlier, the educational system’s
gender equity in higher education overshadowed racial inequity in America.
Graphical Abstract illustrates the percentage of Black faculty as it correlates to the
percentage of the Black population in America; if the trends continue along these
lines, it will take 140 years for representation to reach equity [1]. Without political
and social intervention, this will continue to grow and become an improbable
problem to solve. Population growth does not automatically mean the growth of
Black faculty in part due to systemic racism [76]. Governments exist to make the
life of their citizens better, yet, political systems often remain in an unhealthy
partisan state, poorly affecting their citizens. Therefore, the systemic pressures
causing suboptimal health, grave educational disparities, and criminalizing Black
communities deserve an equally matched systemic solution. This change should
involve positive trends driven by socially targeted developmental programs, eco-
nomic, educational investments, participation of those impacted in policy- and
decision-making, and expansion of access to all levels of society [77].

Nevertheless, the light shone on racial injustice and gender inequity through the
Civil Rights Movement has caused school systems worldwide to rethink the
knowledge and abilities understudies require for success; and the instructive pro-
cedures and framework required for all children to realize them. Thus, higher
education must play a crucial role in preparing students for the workforce in a
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dynamic, fair, and aware citizenry, both nationally and internationally. This means
that race equality must be embedded in teaching and learning: in order to ensure
that institutions acknowledge the experiences of those marginalized groups within
and around them and value all students, including ethnic minorities and interna-
tional students.

6 Conclusion

We have established that thinking fosters learning. Thus when thinking is shackled,
learning is adversely affected. The thinking that boys are smarter than girls or boys
are better than girls in STEM results in many girls self-steering away from STEM
programs. If teachers and administrators concede to departmental cultures that
reflect the outcomes of such beliefs, then we can assume that implicit biases will
find their way into policies and decisions that will continue to discourage women,
transitioning them away from STEM programs. Unshackling learning creates an
education paradigm where the learner’s thinking is unbounded. This is possible
when a diversity of people says “No” to structural racial inequity and actively
involve themselves in creating and implementing equitable institutional practices.
California Governor Gavin Newsom said, “students respond better to professors
that look like them.” To unshackle learning means creating learning environments
that have done away with structural inequity. We must create new pipelines that
address these issues from kindergarten through grade 12. We must be intentional as
a society. Human beings are often slaves to their thinking, which, in turn, influences
learning and future decision-making and policy development in society. Experience
helps us build prior knowledge claims, which we rely on to weigh against new
knowledge proposals, generate new ideas, or create more knowledge [24, 26]. The
knowledge we generate can shackle our thinking if new confrontational questions
are not encouraged in the learning process. Randomness and humor, when used
appropriately, can promote an environment optimally complex. Together, this
engages learners’ curiosity and sets the stage for novel Socratic questioning to fuel
the thinking-learning-rethinking-relearning hermeneutical educational circle.

Core Messages

• The sensation-perception-convention feedback thinking reinforces current
ideas in an oppressive social system.

• A thoughtful hermeneutical circle offers a social impact that forms learning
and reforms society to next-level thinking.

• Racial-gender-class disparities condition learning contexts that quash the
creative dimensions necessary for thinking.
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16Relevant Social Problems, Socially
Alive Questions, and Gender in Social
Science Teaching: A Conceptual
and Methodological Review
for the Development of Social
Thinking Skills

Delfín Ortega-Sánchez

The main educational value of the History education consists in
providing children and young people with the knowledge and
skills necessary to situate themselves in their world, to
understand what is happening in it, to have theoretical
instruments to be able to interpret and value what is happening,
its background and its consequences, and, in short, to commit
them to building their personal and social future.

Joan Pagès

Summary

Included in the curriculum, relevant social problems (a concept attributed to the
Anglo-Saxon tradition), socially alive questions for citizenship (a concept
attributed to the French-speaking tradition), or controversial topics are one of the
most prominent research concerns of social science didactics. The connection of
historical and geographical knowledge with contemporary social problems seeks
the critical interpretation by students of what is happening in the world and the
development of creative or divergent thinking to solve these problems. Social
thinking develops, in effect, by facing social problems, structural axes of the
complexity that characterizes social reality and knowledge. In this sense, we
should ask ourselves about the contribution of social disciplines to the
development of citizens’ social thinking and its capacity to resolve relevant
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social problems such as gender inequalities. From the point of view of critical
reflection and social action, social science teacher training programs should
assume gender as one of its basic analytical categories in social science teaching
and should consider the application of resources of critical literacy aimed at
social transformation and education in and for equality.
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Gender inequalities: a socially alive question in social studies education.
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and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

The purpose of working on social problems in social studies and historical edu-
cation is a necessity to understand reality in increasingly heterogeneous societies
critically [1], promote social values related to social justice, as well as to learn and
teach how to participate actively, committed and responsibly in the construction of
answers or alternatives [2–4]. Educating for social intervention or participation
requires, therefore, the incorporation of the curriculum and the raising of relevant
social problems, socially alive questions or controversial issues [5–9], and the
acquisition of the professional skills needed to teach in and for democratic citi-
zenship [10].

The didactic treatment of the problems that shape and singularize the social
reality should necessarily be related to critical social thinking, the development of
social skills, and democratic education for a participatory social culture [11]. Social
problems, socially alive questions, or controversial issues are explanatory factors of
social competencies and, consequently, social thought formation [4, 12]. The
didactic transposition of social problems as content makes training opportunities
possible [13, 14] to achieve truly competent learning [15].

Relevant social problems, socially alive questions, or controversial issues con-
stitute one of the most outstanding research concerns of social science didactics,
based on the study of interculturality [16], social and cultural minorities [17],
historical memory [18], social justice [19], gender [20], or economic literacy [21].

2 Relevant Social Problems, Socially Alive Questions,
and Controversial Issues in the Training Programs
for Future Teachers

Reflection on social studies and historical education enables guidance and
decision-making on teaching activities, promoting certain student models, and
establishing links and coherence between the teacher’s thinking and his/her
teaching practice [22]. Indeed, “if the teacher [as an agent of change] is aware of
and reflects on what the purposes of the Social Sciences should be, the development
of the personal and democratic participation is promoted” [23, p. 154]. Defining
these goals during the teacher training programs, and considering their teaching
practice, is, therefore, a background knowledge for “distinguishing between dif-
ferent intentions, concretizing the didactic change and making decisions” [24,
p. 514].
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These aims should be oriented to a critical understanding of social reality and
engaged and inclusive social participation. In this sense, achieving a comprehensive
training of future teachers implies incorporating social problems in their programs
[25], which would offer strategies, instruments, and didactic resources necessary to
educate in social participation based on responsibility and commitment to the
problematic complexity of social reality [26]. From this perspective, the formation
of social thought and education for democratic citizenship should be the funda-
mental axes of social science teaching in schools. In this way, working on social
problems with trainee teachers allows, precisely, for the formation of their social
thought and decision-making from socio-critical approaches. Therefore, education
for democratic participation is part of the formation of social thought [27]. This
thinking develops from social problems, “those that occupy most of our lives, but
which have little attention in school” [12, p. 26]. From a social and critical per-
spective, social problems should constitute one of the central axes of teaching so
that academic knowledge is placed at the service of its didactic treatment [28, 29],
and to think and be thought the reality through the development of students’ social
conscience.

The most recent scientific literature on the treatment and curricular inclusion of
social problems or controversial social issues in the social science classroom insists
on the need to “introduce students to the great social debates where there are
different points of view, different interests at stake, and where they must construct
their own opinion on the subject from a critical and well-founded perspective” [30,
p. 26]. Pioneering research [31, 32] on the didactic treatment of musical resources
(songs) for the curricular inclusion of social problems shows the advantages of
working on contemporary issues, problematizing social content, and implementing
socio-critical methodological changes in the teaching of social sciences.

The curricular permanence of technical-reproductive approaches in state regu-
latory norms and its development in the most commercially successful school
publishing houses continues to hinder acquiring knowledge and social competen-
cies adjusted to the understanding and intervention in social reality. Working with
social problems, socially alive questions, or controversial issues “allows for a
typology of analysis that includes the relative experience of the past and future
expectations in a lived present, and to consider the temporal relationship from the
analysis of changes and continuities that can be observed from a comparative
perspective” [33, p. 49]. In short, the specific and didactically intentional inclusion
of social problems in the curriculum [34] opens the possibility of having educa-
tional spaces for the development and acquisition of critical and creative thinking
skills [35, 36] and, therefore, for a comprehensive understanding of reality.

In understanding and interpreting the historicity of the present and in the pro-
jection of the social future, this socio-critical perspective would constitute one of its
elementary bases. In this sense, social sciences didactics should emphasize and
deepen how social–historical thinking is promoted at school [12] and in teacher
training to acquire critical skills that make possible solutions or interventions for the
social problems surrounding students [37].
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Research results demonstrate the advantages of working on contemporary
problems with trainee teachers, its impact on social representations, and, finally, on
their teaching practice. Investigating these representations is one of the first steps in
mapping out, in an operational way, the goals of social science teaching designed
for the understanding of reality and social intervention, even though, in principle,
this does not presuppose effective changes in teaching practices [15]. Together with
the understanding and didactic transposition of social problems in teacher training
programs, “it is fundamental [to know] how we do it and how their representations
are translated into teaching practice” [14, p. 390].

From the area of didactics of social sciences, teacher training plans aimed at the
critical understanding of reality and social intervention would be unsuccessful
without the structural incorporation of problems into the social sciences curriculum
[25]. In this sense, education for democratic participation is necessarily related to
forming critical and creative thought (social thought). Therefore, it is necessary to
implement specific teaching actions to rethink the contents, objectives, and com-
petencies set out in the area of teaching guides [38].

Determining the degree of identification, social and educational commitment, and
the potential curricular response of future teachers to the conflicts of their contem-
poraneity necessarily involves thinking about a curriculum based on relevant social
problems, socially alive questions, or controversial issues [5, 9]. From this perspec-
tive, critical teacher training should offer the necessary tools to articulate reflective
practices [39] and adopt active and committed positions [40, 41] in the face of
problems. To this end, there is a need for social sciences that “explain social problems
and provide elements for active participation in decision-making” [42, p. 65].

Therefore, curricular decision-making by teachers should be directed towards the
construction of social knowledge, focused on commitment, responsible social
intervention, and the promotion of social justice–three nuclei of action capable of
overcoming hegemonic and unidirectional positions. Nevertheless, the still repre-
sentative attachment to technical-reproductive curricular conceptions confirms its
scarce educational attention [37]. Consequently, it is necessary “a greater rela-
tionship of the contents with social and environmental problems, and with the
community from which some of the problems under study should come” [43,
p. 203], the first level of democratic participation and social intervention.

As a response to technological rationality, still dominant in social science
teaching, teacher training should address their training as “critical intellectuals in
the context of reflective practice” [44, p. 78]. This training model is, without a
doubt, “one of the most effective ways for future teachers to give meaning to,
understand and value their own practice” in complex social environments.
Understanding, valuing, and proposing solutions or alternatives to these complex
environments also connect with the formation of social thought. Indeed, “schools
are not neutral places and therefore neither can teachers take a neutral position” [44,
p. 78]. In this sense, a social science from the budgets of education for global
citizenship must consider, analyze and assess the possibilities of approaches
focused on everyday life, on controversial issues, or on the disciplinary knowledge
generated to understand, interpret and try to solve problems of all kinds [45].
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3 Relevant Social Problems, Socially Alive Questions,
and Controversial Issues in the Social Science Classroom

Teachers must open a window to reality and to the present time and open schools to
what is happening in time and space to their students [46]. The current problems,
almost always, have their roots in the past, different attempts of solutions, and
diverse results, which show their complexity. Its multiple interpretations involve
analyzing its arguments and discerning between facts and opinions [47, 48]. Its
treatment demands an interdisciplinary and holistic approach that overcomes the
compartmentalization of knowledge in subjects and the linear rigidity of the most
widely used textbooks [49].

When reference is made to the need for curriculum reform and education for
critical and democratic citizenship in the teaching of social sciences, it is common to
use socially alive questions and relevant social problems as equivalent terms. How-
ever, its focus in the classroom encounters distinctive particularities. Relevant social
problems, not always linked to students’ direct context and emotions, are key ques-
tions that define the complexity of social reality. In fact, social problems are the source
of ideology, often associated with the information offered [50]. On the other hand,
socially alive questions form transcendent problems, which are part of the students’
and society’s most immediate and daily reality. They are open social debates, which
generate disparity in their analysis and proposals for solutions (Table 1).

Along these lines, there is an abundance of classroom research and didactic
proposals designed based on printed, digital, or sound journalistic news to critically
analyze its messages, warn of the underlying ideology, and define its persuasive
mechanisms. The decoding or exercise of critical literacy must be related to the
social context, reflect on the scope of the source, and determine which discourses
and representations of reality it constructs and which it silences [55].

Critical literacy goes beyond developing critical thinking; it is not limited to
providing decoding techniques or cognitive skills to unmask the intentions of social
stories. Instead, this type of literacy seeks citizens’ collective and transformative
participation in socially conscious issues [56, 57]. The actions in the classroom,
consequently, would have to materialize in small transformative changes in the
locality, which demonstrate the viability and the real effectiveness of the proposals
and social interventions [58, 59]. The proposal of creative alternatives to social
problems, socially alive questions, or controversial issues implies, ultimately, the
adoption of critical and democratic attitudes for social transformation [4, 60, 61].

Assuming the critical reading of the social narrative as a curricular objective [62,
63], the training of history and other social science teachers would have to consider
current environments that are increasingly global and plural [64–66]. In this con-
text, the use of critical literacy resources should focus on argumentation, debate,
and participation [67], offering students the necessary tools to learn to think criti-
cally [68] and to identify in discourses social presences and absences [69], iden-
tities, and perspectives with the capacity to influence their social thoughts and
actions [14, 70] (Table 2).
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This critical understanding of social reality and the acquisition of the receptive
critical competence of students also seems to correspond with the thinking and
beliefs of teachers about critical literacy in their classroom activity [71]. We agree
with Gamboa et al. [72, p. 65] on the “urgency of rethinking the legal practices in
the school setting” and on the need to overcome the permanence of practices
restricted to technical learning decontextualized of linguistic signs or functional
literacy [73]. From this perspective, “there is no doubt that the purpose of history
teaching must be to train a critical and responsible citizenship with sufficient his-
torical competencies to propose and participate in social changes. In this sense, a
renovating perspective is the role of history in an education for global citizenship,
which makes visible the persons and groups or the invisible identities” [54, p. 67].

Teaching history and social sciences designed to educate critically and demo-
cratically requires the curricular consideration of the social uses of the word read,
written, or audio-visually narrated to foster in its natural recipients increasingly

Table 1 Relevant social problems and socially alive questions in the history and social sciences
education

Socially alive questions (French-speaking tradition)

Definition and didactic purpose Author

(a) It is an alive question for society, which questions social practices
and refers to the actors’ social representations. It raises debates,
disputes or conflicts from the media treatment
(b) It is a living issue for reference science and causes debate or
controversy among specialists in the disciplines or among experts in
the professional fields
(c) It is a living question for school knowledge, which questions the
contents and proposals of school programs and manuals, with which
it enters into controversy

Legardez and
Simonneaux [51]

The claims of groups or minorities who denounce the silence and
forgetfulness of the suffering of those they have inherited are alive
questions

Tutiaux-Guillon [52]

Socially alive questions contemplate ethical aspects and problems of
social life, of relations with others, for example, the intercultural
questions

Brusa and Musci [53]

The study of social issues at school implies thinking about the
teaching of social sciences as a tool for social change

Santisteban [54]

Relevant social problems (Anglo-Saxon tradition)

Definition and didactic purpose Author

Relevant social problems allow students to relate school to life. This
relationship has to be combined with different factors to be effective:
(a) To directly relate the contents to the relevant social problems
(b) Promote in class discussions, project work, debates, simulations
or written essays, so that students get used to considering different
points of view and interpretations of problems
(c) That the students perceive that they can express their points of
view freely and learn to listen to other opinions, in order to achieve
knowledge, skills and social attitudes

Santisteban [54]
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Table 2 End-purposes of history education

Key concept Educational purpose Learnings expected

Historical interpretation To develop critical literacy in
historical interpretation by
analyzing primary and
secondary sources to go
beyond prejudices and
stereotypes and take a position
about the world’s social
problems

• To interpret primary and
secondary historical sources,
separate facts from opinions,
and assess their veracity and
reliability by comparing
information from diverse
origins

• To identify intentionality,
cultural and economic values,
and the political ideology of
information sources and their
positioning concerning the
controversial issues analyzed

• To interpret the voids or
silences in the media about
specific minorities, cultures,
and identities (invisible)

Historical problems,
issues-centered social
studies, and
controversial issues

To analyze social problems
and controversial issues by
looking at their historicity in
order to understand their
development and alternatives
and to contribute solutions

• To identify similarities and
differences of past and
present social problems and
compare them to those in
different countries or regions
of the world

• To relate past and present
through conceptual thought
on concepts like migrations,
refugees, walls, freedom,
democracy, and conflict

• To analyze economic,
cultural, political, territorial,
and conflicts between
countries by looking at their
historical development

Historical awareness To reflect on the fact of being
human with temporal
awareness, which lets us know
where we come from, where
we are and what type of future
we want to build

• To evaluate our belonging to
the human race and reflect on
what has made us and makes
us humans

• To relate the past to the
present and the future,
understanding the historical
process as a single
inseparable fabric

• To draft prospects for social
problems starting from our
historical past, including
responsibility to participate,
locally or nationally, and
globally
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inclusive, plural, and democratic attitudes, gestures, and critical positions [74]. It is
necessary, therefore, to develop social thinking skills directed at the critical inter-
pretation of reality, self-knowledge based on social interaction, and the assumption
of textual use as a socio-cultural practice in education for global citizenship.

4 Gender Inequalities: A Socially Alive Question
in Teacher Training

In the educational line of relevant social problems, socially alive questions or
controversial issues as content, and of the formation of social thought in the
teaching of history, the analysis of social invisibilities and absent identities is part of
one of the most relevant lines of research in the area of didactics of social sciences
in Spain [20, 64, 75–77]. Its scientific production is based on the treatment, as a
procedure, of social inequalities, which are recognizable, among other things, in the
deconstruction of gender relations and in the stereotyped attribution of social
behaviors that limit the complexity and autonomous development of identity
diversity.

Along these lines, the permanence of a school history marked by positivist his-
toriographical trends of a markedly androcentric, ethnocentric, and socio-centric
nature has been sufficiently demonstrated, which make invisible, restrict and limit the
plural construction of the personal and social identities of the students [20, 64, 76,
78]. The results obtained in recent research [64] highlight the importance of analyzing
the social representations of future teachers, which are markedly conditioned by these
historiographical trends, to advance their gender training [20, 38].

In this sense, the development of teacher training programs, oriented to the
acquisition of critical skills for education in and for equality, should consider as a
priority the didactic innovation to have an impact on teaching practice and to
critically reflect on teaching practice itself. It seems evident, therefore, the need to
work with trainee teachers, as reflective critics-practitioners, in the purposes of
social sciences education, in curricular content, in the models of their future
teaching practice, and in the analysis of the principles that explain their own
practice.

5 Conclusion

It is necessary to work on the social complexity in schools and teacher training so
that social studies can be connected to contemporary problems and citizenship’s
everyday life. The construction of school knowledge demands from all social
disciplines its contribution to the analysis, interpretation, and understanding of these
problems to educate for democratic citizenship, committed and responsible with its
present problems, and with the projection of its future.
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Despite the progress achieved, it is still necessary to insist on the design,
implementation, and evaluation of innovative teaching projects and didactic
experiences aimed at dealing with social problems, socially alive questions, or
controversial issues and, in particular, to include the gender perspective in social
sciences and historical education from the perspective of active citizenship [79, 80].
More studies are needed on the training of future social science teachers to develop
socio-critical competencies and articulation of reflective practices.

The permanence and technical reproduction of traditional curricular designs and
approaches motivate the absence of the social problems that characterize a society.
The purpose of social studies in education should assume socio-critical positions
and perspectives in which social problems could explain the theoretical and
methodological bases of teaching and learning social competencies [4, 81, 82].

In order to move towards social science teaching from the promotion and
defense of human rights and social justice and to encourage social action on social
problems such as gender inequalities, social science teacher training programs
should include the concept of gender as one of the fundamental categories of
analysis in the teaching of school history, and consider the use of critical literacy
resources aimed at social transformation [83].

Core Messages

• Social thinking develops by facing social problems, structural axes of the
complexity of social reality.

• Education for democratic participation necessarily relates to forming
critical and creative thinking.

• Educating critically and democratically requires the curricular considera-
tion of the social uses of the word.

• The permanence of positivist historiographic trends limits the plural con-
struction of the students’ identities.

• The need for teacher training programs aims at acquiring critical skills for
education in and for equality.
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17Milestones of Bioeducational
Approach in Mind, Brain,
and Education Research

Flavia Santoianni and Alessandro Ciasullo

Every kind of education is brain-based.

Diamond, 2001

Summary

Educational neuroscience, and its sister disciplines, neuro-education, and
brain-based education, are innovative fields of study in which scientists and
practitioners from neuroscience, educational psychology, and educational
research come together to explore the networked world of mind, brain, and
education. This possible alliance enables research to design educational settings
in order to improve effective learning. Italian research on mind, brain, and
education is represented by bioeducational sciences, which introduce the
emerging theories of cognitive educability. Milestones of the bioeducational
approach consist of five keys: diversity, modifiability, discontinuity, inte(g)
ration, and collaboration. These key concepts concern the flexibility of education
(the potential to change continuously) to deal with variable situations and the
integrated action of education (the possibility given by explicit and implicit
double track to manage the conceptual organization). The concept of flexible
education is based on the idea that every cognitive system is rooted within
dynamic networks of individual and social aspects. Educational research needs
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flexible models of tailored educability based on individual differentiation and
adaptive variability. Learners diverge indeed in their intertwined cognitive
processing, emotional, and bodily approach to learning content. Cognitive
systems activate processes of adaptive interaction with the environment
regulated by experience. These processes concern the modularity of individual
cognitive functions and their evolutive sharing. The individual developmental
psychological, biological, and social processes are integrated into holistic and
interactive theoretical perspectives of educability.
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1 Introduction

The idea of connecting neuroscience and education was born in the 1980s in
various international scientific environments.1 Since the beginning, this two-way
collaboration [1] is not only a one-way route of influence [2], but it is a challenge to
understand the role of mind and brain in teaching and learning processes. Even if
neuroscience has already explained learning and is still doing it through studies on
neural communication in synapse networks, how experiences arise and stabilize
during individual development in relation to educability is a not yet fully explored
research question [3, 4]. The potential of this idea is to uncover the added value of
brain knowledge to improve education. Even if the constituent fields are different,
neuroscience is observational, while education is interventional, and the challenge
becomes to intertwine neuroscientific and educational settings [5].

Educational neuroscience, a new field of study in which scientists and practi-
tioners from neuroscience, educational psychology, and education research come
together to explore the networked world of mind, brain, and education [6], seeks to
explain how knowledge about the brain changes during learning can be applied to
the classroom, which interdisciplinary collaboration can arise, and how this field
can play as a translator of languages [7]. Its sister disciplines are:

• neuro-education, a nascent discipline that joins neuroscience, psychology, cog-
nitive science, and education to re-new teaching methods, curricula, and edu-
cational policy [8]; and

• brain-based education, all attributable to the broader movement of mind, brain,
and education, which grounds education on research in biology, cognitive sci-
ence, and development.

The intertwining of mind, brain, and education recognizes the active nature of
knowledge construction and leverages the overcoming of the conduit model [9]
towards brain-based teaching and learning [10]. The vision of mind, brain, and
education research overcomes the traditional model according to which experi-
mental data of neuroscience are made available to educators, leaving out teachers
and students from their role of investigating learning where it takes place. The
initial idea that is connecting brain knowledge directly to school-related learning is
not possible [11] because the supposed bridge is “too far” [12] has been long
discussed. The discussion focused on using biological concepts for interpreting

1 In the late 1980s, the American Education Research Association (AERA) founded the interest
group on the topic Brain, Neurosciences, and Education. In the 1990s, the Decade of the Brain
started. In 1993, the Harvard Graduate School of Education (HGSE) launched theMind, Brain and
Behavior (MBB) initiative and, in 2004, Harvard International Mind, Brain and Education Society
(IMBES) promoted the interdisciplinary program on Mind, Brain, and Education (MBE), linking
their initiatives to the project Learning Sciences and Brain Research of the Council on Educational
Research and Innovation of the Organization for Economic Cooperation and Development in Paris
and to the activities of the Baby Science Society of Japan in Tokyo.
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educational situations and personal learning differences, from disability to typical to
exceptional ability, between people and social groups.

Individuals’ management of change within their own learning environments can
be explained through the study of developmental mechanisms of variations in
relation to environmental factors and their feedbacks. Interactive specialization is an
investigation of how changes in one system can impact another system and it
contributes to co-create the change processes [13]. Brain-based education focuses
on multimodal enriched environments designed to let students collaboratively
participate in learning processes and enhance attentional, emotional, and motiva-
tional dimensions [14]. The educational goal is no more to let students achieve an
always better performance, but the personalization of learning and the continuous
development of skills, according to the reciprocal feedbacks between teacher and
learner within their interactive, adaptive relation [15].

The possible alliance between mind, brain, and education enables research to
design educational settings in order to improve effective learning and healthy
development [16]. Engagement, strategies, and principles are three of the inter-
pretative keys of the world of brain-based education, which overcome the nature-
nurture false dichotomy between genes and environment [17] by analyzing:

• the relationship between neural growing and daily behaviors as physical exer-
cise, stress levels, and adequate nutrition;

• how the brain rewires and remaps itself through neuroplasticity; and
• the influence of social conditions and environmental design on brain develop-

ment [18]

To reduce the risk of misdirection, educational neuroscience and related disci-
plines need to consider misconceptions as neuromyths [19, 20]. These are
misunderstandings:

• arising from misreading information about the brain and its functions from
original scientific findings;

• wrongly interpreted, overgeneralized, or oversimplified [21];
• usable by pre-service and in-service teachers to support the use of

neuromyth-based instructional practices [22]; and
• tending to survive even if adequate information is available.

Neuromyths can indeed be

• simplifications of scientific results, as the possible differentiation between the
right and left hemisphere of the brain or between the male/female brain;

• offspring of scientific hypotheses, as the Mozart effect; or
• misinterpretations of experimental results, as the myth of the first three years,

which concerns the role of brain plasticity in critical periods during epigenetic
development and if it is worthwhile to organize enriched learning environments
[23, 24].
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Neuromyths are mainly concerned about two:

i. brain potential, as the chance to effectively manage the ability to multitask, to
be sustained by the regular practice of brain games to improve cognitive
functioning with desirable permanent effects, to prefer specific types of nutri-
ents that could affect brain functions or by learning new information during
sleep. These efforts are hypothetically devoted to resolving the main problems
of brain misuse. The idea is that learners exploit only 10% of their brain in the
classroom or find better solutions more quickly if they are forced to think under
pressure [25]; and

ii. cognitive theories as multi-intelligence or learning styles are not based on
observations. Issues as the shift from learning processes to knowledge struc-
tures, the changing of learning environments according to biological and cul-
tural evolution, the development of diverse teaching and learning models in
relation to cognitive differences and experiences can be, however, considered as
complex issues, generating research questions which need to be answered
through a multiplicity of theoretical points of view and methods, involving the
intertwining of neuroscience, psychology, and education.
Italian research on mind, brain, and education is represented by bioeducational

sciences [26]. The idea of linking education to biological sciences raises in this
context as bio-pedagogy in the early 1980s when bios and logos were considered
the two sides of the same coin [27]. The theme of bio-education is seen as situated
in cultural environments since mental models and their biological roots influence
meaning-making in human cultures [28]. Bioeducational sciences is nowadays a
field of inquiry in which the challenge collaboration between neuroscience and
education is embodied in a two-way dialogue focusing on learning, adaptation,
experience, and development.

The field of study of bioeducational sciences focuses on some key concepts that
introduce the emerging theories of cognitive educability. These key concepts
concern the flexibility of education, its potential to continuously change to deal with
variable situations, and the integrated action of education, the possibility given by
explicit and implicit double track to manage the conceptual organization to cope
with cognitive discomfort in more or less disadvantaged learning conditions [29].
The concept of flexible education is based on the idea that every cognitive system is
rooted within dynamic networks of individual and social aspects, each of which can
produce developmental changes in its organizational structures. Since development
may be quantitative/qualitative, continuous/discontinuous, variant/invariant, and, as
a consequence, experiences are shaped in a dynamic adaptive different way for each
individual; educational research needs flexible models of tailored educability.

Every cognitive system can react to the educational action by transforming itself
according to not predefined dynamic outcomes. Cognitive modifiability is an
autonomous/interrelated synergic variable related to a plurality of intertwined
aspects [30]. Individual complexity is then synchronic since multiple cognitive
functions are combined together and diachronic since each function modifies itself
during the lifetime, interacting with those previously structured. The bioeducational

302 F. Santoianni and A. Ciasullo



approach promotes research on adaptive learning environments designed to identify
organizational criteria for educational actions [31]. Learners are individuals with
their own dynamic peculiarities. Knowledge is individualized through the personal
history of learning of everyone, in which the chances for effective development are
played. The design of a learning environment cannot be separated from the specific
characteristics of the knowledge structures which make each learner unique.

Bioeducational science research is narrow to any research connecting neuro-
science and education and together can contribute to studying the individual cog-
nitive differences and the variability of the multiple functions of the dynamic
biological system. The intertwining of both these factors has a basic role in mod-
ifying educational processes [32].

2 Individual Differentiation

Learners are different. They may diverge in their intertwined processing, emotional,
and bodily approaches to learning content. Cognitive variability has been deeply
studied in its explicit aspects inside the cognitive prism. The cognitive prism is the
result of a set of structural and functional elements and the synergistic relationships
between them. The development of learners’ cognitive identities depends on the
dynamic and evolving interaction/integration of each facet of the cognitive prism, in
which a plurality of aspects is fragmented into a multiplicity of levels that have
been studied as knowledge constructs by psychological and educational research,
even if they have not always been observed by neuroscientific research.

The perceptual level refers to how information accesses the cognitive prism and
is linked to the individual perceptual preferences, e.g., auditory, visual, or tactile,
which can be used by each learner in a combined or standing alone way, according
to the personal choice. This level can be referred to as a style level, even if in
literature is discussed if styles can be really defined as a theoretical construct and
their systematization is not self-evident [33], which concepts are under systemati-
zation and which statements may be generalizable. Styles are akin to strategies but
less aware and more adaptive [34], interfaced with intelligence and personality
definition. This research field is highly knotty since, i.e., intellectual styles—how
learners prefer to deal with cognitive tasks [35]—are a general field that includes
cognitive (and perceptual), learning, and thinking styles within cultural matrices
[36]. Cognitive styles refer to individual information processing and may include
conceptual, relational, inferential, and categorical styles. Learning styles [37] mean
the ways in which each student likes to learn and are related to teaching styles [38].
Thinking styles [39] represent the preferential way of using skills and have been
categorized into creative, regulatory, and related types [40].

The perceptual level is then intertwined with the level which concerns how the
cognitive prism can process inside/out information. The processing level is linked
to the multiplicity of intelligence [41–45] and its triarchic architecture: analytical,
practical, and creative [46]. The meta-reflective level, the field of monitoring and
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control of cognitive management, overlaps the previous ones and is interrelated to
them in order to move their interactive complexity to awareness [47]. Implicit
functionality of cognitive systems has been underestimated as a critic negative
variable underlying the comprehension processes or denied as not knowledgeable
[48]. Conversely, the adaptive potential of implicit has been positively highlighted
by research on human evolution [49], which focuses on its pervasiveness at the
roots of the origin of explicit thinking. The role of implicit in ontogenesis, however,
is still mainly unexplored as concerns its supposed function of continuously sup-
porting explicit at cognitive processing level [50], whereas it is already recognized
the involvement of implicit at primary emotional and bodily, perceptual and sen-
sorimotor, levels.

Cognition has long been considered a process of mediation of incoming infor-
mation from the environment, detached from processes involving perception and
action. Knowledge was intended to lie in a semantic memory separate from the
brain systems involved in perception and action, activating stimulating processes
[51]. The role played by cognition, semantically activating when involved in
knowledge acquisition processes, was focused. In this view, thinking was seen as a
consequence in the aftermath of external stimuli, to be interpreted, translated, and
processed in response strategies according to individuals’ patterns [52].

This view has been, however, overcome since many empirical studies have
shown that perception and cognition, in particular the regulation of emotions and
social interactions, are largely influenced by environmental contexts, which influ-
ence them and at the same time allow individuals to continuously interact with the
environment itself [53, 54]. One of the dimensions of embodied cognition can be
understood in the relationship between mind and corporeality, in interaction with
the world. Cognition has its roots in internally centralized sensorimotor
mechanisms.

Conceptual knowledge is located in brain-specific organizations involving
simulation processes, pattern inferences of responses to stimulation, and prediction
of future events in the subjective management of real events [55]. The sensorimotor
simulation underlies and supports the representation of concepts [56] even if it
seems to belong to a wider process since it can change in relation to the context
within which a given concept is presented. Consequently, subjective experience
influences the conceptual representation of the observed objects. In a study focused
on the exclusive use of verbal stimuli [57], it has been demonstrated how a sig-
nificant cognitive experience, if repeated in two distinct moments and linked to
different situations, can modify the representation of concepts associated with the
presented object.

Perception is the premise on which knowledge is developed, and it is the matrix
where every implicit representation of oneself and the surrounding world is real-
ized. In the bodily characteristics of the primates, in particular, in their facial
features, a significant series of information can be traced, which become the basis
on which the social relationships between individuals are built. The study of both
human and non-human primates (monkeys) finds the areas of the body specialized
in the visual perception in the focal regions of the visual cortex of higher level.
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Perception of corporeality, movement, emotional dimension is a specific, unique
characteristic, not always associated with other implicit individual acquisitions.

Working on the spatial perception of individuals means developing specific
strategies that concern the perception of body patterns. This selective ability of the
body perception is to be attributed to an area of the brain which can be distin-
guished from that which identifies facial expressions, although the study of
intracranial electrical activity initially showed they could belong to the same area.
The division between the perception of body patterns and facial expressions sug-
gests that some areas of the brain are involved in the implicit perception of oneself
and in personal body image, as well as in the perception of emotions and of
movement [58]. The perception of body patterns co-exists with the individual
perception of motor actions and emotions.

Body perception is a specific feature of primates. In humans, it can be modified
by perceptual alteration in brain areas.2 In information processing, the body gets
somatosensitive and thermosensitive information and activates the control over the
nerve structures that receive, transmit, and modulate painful stimuli, the perception
of the body's internal state, and vestibular signals that play a role in the perception
of the personal body. Perception has a selective and multisensory role that joins
every sensory unit in a holistic whole internally represented as “my body.” How-
ever, the internal multitude of stimuli makes it complex to define multisensory
perception in a unique way, as stimuli, perceptions, and implicit internal organi-
zations do not allow any experimental definition that can definitively clarify them
[59]. The bodily dimension of humans may be implicit and not entirely detectable.

The somatic markers hypothesis is relevant for understanding the processes of
human reasoning and decision-making involved in bodily responses to stimuli [60].
These markers3 could explain how individuals may deliberately carry out a specific
action following a stimulation. Bioregulatory processes, including those that con-
cern emotions and feelings, would focus on activating implicit responses. In this
hypothesis, implicit mechanisms could also regulate human reasoning and
decision-making [61].

As concerns over the neuroscientific dimension of emotional perception, the
vision according to which emotional perception would derive from the integration
of internal and external signals has been overcome. Instead, the perceptual
dimension is integrated, and it becomes a synergic part of the emotional process.
Brain areas involved in emotions are indeed closely linked to the cerebral cortex
areas involved in higher body representations [62]. Emotions and their conceptu-
alization and expression may have implicit characteristics and are related to

2 Damaged areas of the brain can cause somatophrenia, which consists in the inability to recognize
one's limb as own. In the study of this pathology, research questions concern which processes of
mind are played to recognize parts of the own body. The sense-perceptive brain capacity of
individuals has neuro-physiological characteristic which allow them to identify the sensitive data
of one’s own body compared to others.
3 Markers are defined as somatic because they refer to body regulation by a higher central unit
which could inhibit or activate series of actions and then manage individuals’ mental and bodily
complexity.
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corporeality. Emotional perception can be expressed through senses, and it involves
the body dimension by considering both emotions and motor actions as integrated
parts4 [63].

In the visions of cognition as an implicit system of the individual considered as
an entanglement of mind and body, six conditions can describe the meaning of
embodied knowledge [64].

i. knowledge can be situated, enclosed in a temporal space;
ii. knowledge is downloaded and distributed into the environment;
iii. the environment is a substantial part of the cognitive system;
iv. knowledge is achieved through action; and
v. also mental processes which require longer thoughtful reflection are rooted in

corporeality.

The last characteristic explains how the processes of cognitive analysis are
linked to corporeality. This hypothesis would explain why exercises, activities, and
learning mediated by corporeality are particularly effective in promoting a deep
acquisition of cognitive concepts [65–67].

Implicit learning results from experience, during which learners acquire semantic
or procedural knowledge without consciousness in a relatively effortless manner.
While incidental learning allows learners to collect unintended information but have
conscious access to it, implicit learning is defined as unconscious knowledge [68].
Whether implicit learning can be dissociated from explicit learning is still open.
Research is now mostly in favor of the co-existence of two distinct processes,
implicit and explicit, in a continuous synergic interaction [69]. In the late Sixties,
the unaware processing [70] challenged the classical metaphor of the computational
mind [71]. Since this symbolic and sequential metaphor was lasting, implicit
learning could only be the “shadow” of it [72]. In the educational field, implicit has
been consequently made explicit by research theories as meta-reflection [73] and
developing theories of mind and world [74–77]. Around the Eighties, the con-
nectionist view of a sub-symbolic and parallel mind [78], according to the related
idea of a situated and embodied mind [79–81], has finally positioned the implicit
learning inside the cognitive prism [82], overcoming the “polarity fallacy” [83] and
then considering learning as a single process including the implicit as a concurrent
part of cognition together with the explicit.

Dual-process theories analyze from

i. implicit, sub-symbolic, unaware, difficult-to-verbalize, hot (emotional), fast,
heuristic, holistic, intuitive thinking; to

4 The perception of others’ emotions is connected to the perception of their meaning, which is
given by our specular ability to interpret the emotional dimension of others. The dynamics of
relation between emotions and actions are joined within a complex mechanism of double
correspondence, which may involve the change of facial expressions in relation to the perception
of emotions. The interchange of emotions between individuals takes place when the emotional
channels can be shared.
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ii. explicit, symbolic, aware, easy-to-verbalize, cool, slow, algorithmic, analytic,
reflective thinking.
Even if it is rare to find a learning situation in which only implicit or explicit

learning is involved, the multifaceted interactions between the two levels have not
yet been fully investigated [84]. In the two-system views, different mechanisms are
activated at separate levels, complementing each other interacting together [85].
Implicit and explicit attitudes seem to change according to different types of
information: subliminally associative information below conscious awareness and
consciously available verbal information of higher-order [86]. Nevertheless, ubiq-
uitous implicit processes are involved in processing both elementary and high-level
cognitive skills. To implicit learning has been recognized as an evolutionary default
role, in which adaptive potential can produce basic knowledge representing the
structure of the environment to solve problems and make decisions as abstract
knowledge [87]. Implicit learning mechanisms can indeed operate associatively and
generate even specific knowledge representations [88]. Nonconscious acquisition
and generation of information involved in the initial stages of learning may also
concern complex knowledge structures and multidimensional processing of inter-
active relations between variables [89–91].

Cognitive preferences, interpretive schemata, and encoding dispositions can
have a gradual self-perpetuating development and influence individual differences
and personality characteristics [92]. Implicit development is indeed characterized
by constancy, invariability, and persistence, which interplay in knowledge evolu-
tion [82]. Nonconscious encoding may be represented by generalizable shared
implicit patterns of information acquisition, which have the role of knowledge
prototypes underlying cognitive structuring [93, 94]. According to Basic Logic
Theory [95], if a cognitive collaboration between implicit and explicit is hypoth-
esized, it should be possible to identify intermediary links represented by dynamic
knowledge patterns of basic logic. The basic logic, indeed related both to implicit
and explicit levels, can be spatially represented, and its prototypical functions:

• add, integration;
• chain, consequence;
• each, individuation;
• compare, comparison;
• focus, derivation; and
• link, correlation.

can process perceptual and as well higher-order cognition (Fig. 1).
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3 Adaptive Variability

Learners have adaptive cognitive systems, which change over time. Cognitive
systems activate processes of adaptive interaction with the environment regulated
by experience. These processes concern the modularity of individual cognitive
functions and their evolutive sharing. Individual variability is expressed through
idiosyncratic ways and times relative to each adaptive, always educable, cognitive
system. During their personal cognitive development, learners make indeed com-
binatorial choices of the use of their own functions to approach knowledge, selected
according to adaptive criteria: if a cognitive behavior shows proven adaptive effi-
cacy to its user, the learner will probably continue to maintain it; if instead, a
cognitive behavior does not meet learners’ expectations, it will easily be replaced in
favor of another [50].

The cognitive identity of each learner develops (and continuously transforms
itself) throughout the personal history of learning. Cognitive modifiability is strictly
interrelated with each student's personal developmental tendencies in her/his own

Fig. 1 Dynamic knowledge patterns of basic logic (in attachment)
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experiential path. These tendencies are gradually defined over time. The stronger an
information, concept, or method has been through the individual recognition of its
adaptive effectiveness, rooted in a cognitive system, the more difficult it will be to
convince a learner to abandon it. The “resistance to change” phenomenon derives
from the personal belief that an idea may be adaptively effective to understand
situations, solve problems, and/or face events according to learners’ objectives.

At the same time, learners also show “openness to change,” which is the basis of
the possibility itself of the learning process. The different, internal and external,
indications that a cognitive system receives, both from its own functional pro-
cessing tendencies and from educational stimulations of teachers, parents, and
peers, have to be synergistically put together according to the personal regulatory
mechanisms of cognitive functioning of each one [96]. Suppose there is a gap
between internal tendencies and external stimulations. In that case, a cognitive
system could be affected by cognitive discomfort [97], whose origin can be iden-
tified going backward in the personal history of learning to understand the rooted,
often implicit, relationships between the internal and external boosts.

Cognitive discomfort is one of the possible manifestations of the presence of
cognitive dysfunctions, which are not specific learning disorders, but simply the
expression of the difficulties occurring when learners have uncertainty in choosing
their own way of studying, in maintaining concentration and, from a meta-reflective
point of view, in feeling confident when coping with a cognitive task. An effective
cognitive system is a well-functioning mechanism in which the different compo-
nents integrate together without any dissonance between the ways in which the
system itself would independently operate and how the environment suggests (or
asks) it to operate. The possible developmental integration between the different
external and internal boosts within the cognitive system guarantees its functionality.

Adaptive variability is also regulated by processes of evolutionary sharing of
individual cognitive functions. Cognitive systems tend to the compatibility of these
processes in dynamic interactions by developing fit behaviors with the learning
environment [98]. Fit behaviors are related to self-regulation, an individual differ-
ence variable through which each individual may control her/his actions relying on
one’s own resources. Self-regulation is a multidimensional concept concerning
alternatives to using skills and tools to implement goal-setting and strategies in line
with the fixed goals [99]. The dichotomy between self-directed and autonomous
learning and learning environments designed to develop it can be adjusted by the
internal/external self-regulation of individuals across knowledge domains and by
the dynamic measures of how learners manage it, integrated by the influence of
learning environments, whose variability in the different contexts of reference
continuously changes and requires regulatory processes. To focus on learning en-
vironments design is a key point of reflection because, through education, external
self-regulation can be modified by virtue of the integration of behaviors and of the
internalization of regulatory processes, thus arriving at internal self-regulation as a
result of personal development [100].
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To meet their goals, learners activate cognitions, behaviors, and emotions
through self-regulatory processes [101]. In teaching and learning research,
self-regulation also focuses on the regulatory processes that underlie social inter-
actions. Co-regulation and shared regulation are the terms used to mean that an
activity is carried on jointly by a group of learners working collaboratively. The
main bodies of inquiry concerned with self-regulation are metacognition, the
research in which monitoring mental strategies is studied, and executive functioning
to better understand how to ensure efficient handling of information. These fields
are interdependent and joined to mental processes' emotional and motivational
regulation [102].

Parent–child relationships support self-regulation development through mutual
interactions and scaffolding. According to self-determination theory [103, 104],
self-regulation is a developmental process that takes place in intersubjective con-
texts as a function of different variables, such as the personal ability to perform a
task or to pursue one's own well-being leading to different self-regulation results.
Extrinsically motivated behaviors, which usually refer to the possibility to receive
approval from the external context, can turn into internally motivated behavior if
processes are put in place that integrate behaviors and internalize development
dynamics. Learners accommodate themselves to the environment by internalizing
and integrating external regulations, choosing which one may be preferred for truly
effective use. If this process is hindered, internalization may not arrive to be really a
form of full integration. Intrinsically motivated behavior may instead represent the
prototype of self-determination [105].

Formal education and informal educational contexts aim to enhance
self-regulatory skills, which can sustain and improve strategic knowledge based on
internal resources. Instructional support given by teachers and parents, which is to
be shaped as the adaptable and temporary system of scaffolding, more than external
regulation, may vary and be differently effective because learners’ needs are mul-
tiple and cannot be unified through one size fits all approaches. Instructional sup-
port should be continuously developed according to learners’ changes [106].

Learners’ engagement has been considered the outcome of the following key
needs:

• the need for belonging, which requires a flexible relation between body and
mind to let learners share their own interpretations of the environment with
others;

• the need for autonomy, according to which body and mind ask the environment
for time and space to express movements and to think;

• the need for competence, to sustain learners in developing a skilled adaptive
orientation toward the environment; and

• the need for meaning and creativity–personal creative, meaningful interpreta-
tions arising from the individual embodied interaction with the environment are
supported by learning contexts that meet the tension to explore the embodied self
[107].
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The person approach integrates the individual developmental psychological,
biological, and social processes into a holistic and interactive theoretical perspective
which can be effective for education because it relies on three main ideas, that are:

i. the person-environment system is complex, dynamic, and adaptive;
ii. individuals develop as integrated and undivided;
iii. organisms adapt themselves to changing external and internal conditions

through both maturation and experiences in order to leverage change and
resistance to change. Inappropriate causes of change may indeed generate
malfunctions of the systems [108].

Functional interaction is an adaptive process that mediates between cognitive
components and behavioral, biological elements within the environment through
nonlinear transformation processes characterized by differentiation and
self-organization. Developmental processes are holistic and regulated by interde-
pendent functions such as functional interaction, nonlinearity, adaptation, trans-
formation, and integration. Engagement in learning is an active personal process of
embodied and social meaning-making in interdependent interaction within the
socio-cultural learning environment. Knowledge acquisition is an embodied process
that involves the learner as a whole.

The body can then be considered a social body, a basic ground of the emotional
expression of individuals. It may represent a chance for learning in education and
support implicit knowledge models. The concept of the body as a mediator of
implicit learning dimensions is related to an idea of human intelligence linked to
evolutionary phylogenetic processes and developmental epigenetic processes. In
traditional cultures, educational transmission is informal and supported by
on-the-job training, while, in modern societies, cultural knowledge is often acquired
out of context. On the other hand, formal education in the classroom is relatively
recent since it has roots in the last century.

According to an evolutionary view of the implicit nature of adaptive processes,
educability regulates over time the intertwining of multiple, internal and external,
levels of the organization, highlighting individual differences in environmental
interactions and dynamic development of complex behaviors [109]. Development is
specific to individuals, concerns interacting factors on different levels, is involved in
self-organization processes [110].

Learners activate cognitive, emotional, and bodily shared participation within
knowledge processes and can be considered holistic implicit learners [111]. The
body’s interaction with the environment is always different between individuals and
rooted in perceptual and conceptual processing; simultaneously, it is socially
related, and all these aspects contribute to developing and co-creating the processes
of meaning-making. Educational research can highlight, through a bioeducational
approach, how individuals are the dynamic result of a multiplicity of intertwined
cognitive functions, integrated and self-regulated.
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4 Conclusion

Milestones of the bioeducational approach consist of five keys which are: diversity,
modifiability, discontinuity, inte(g)ration, and collaboration.

The concept of diversity focuses on the idea that each learner is unique, and
her/his cognitive system can be continuously modified throughout individual
pathways of experiences. Discontinuity means, in general, that a cognitive system
changes itself in personal ways, which cannot be systematized and foreseen. Both
keys of integration and interaction rely on the basic idea that cognitive systems are
adaptive, and then they change and integrate themselves according to the
self-regulation of internal and external stimulations, which is related to the evolu-
tive sharing of their processing functions during cognitive interaction with the
learning environment. Integration is a concept that includes collaboration, which
refers to possible expected prototypical links between explicit and implicit levels
during cognitive processing (Table 1).

Individual differentiation, in educational terms, answers the learner’s questions
“Who am I? How do I process information?” Since each individual is to be con-
sidered a specific biodynamic adaptive system, teachers and educators should focus
on the qualitative variables of personal idiosyncrasy. They should ask themselves
how the cognitive architecture of each learner is evolving, interacting in space and
time, inside and outside, the cognitive prism.

Since the explicit clearly differentiates learners’ strategy choices, while the
implicit may instead join learners’ knowledge approaches in generalizable models
of concepts structuring, both have to be considered in their prototypical and
higher-order levels. If implicit and explicit processing are related to learning,
teachers and educators should encourage collaboration between these levels by
using shared representational formats as the spatial one.

The milestone of individual differentiation develops three main educability cri-
teria of bioeducational approach in mind brain and education research and
highlights:

i. to enhance individuals’ potentialities and competencies, based on the specific
cognitive, emotional, and bodily processing trends of singularity development,
individually tailored;

ii. to encourage and improve the expression of each cognitive identity in her/his
own various multiple shapes and self-regulated tendencies as they are, and not
as they hypothetically could be; and

iii. to empower the potential collaboration between implicit and explicit levels by
discovering their on-demand dimensions of interaction.

Adaptive variability, in educational terms, answers to the learner’s questions
“Where, when, and how I change?”. Each environment plays the role of an inter-
active partner in the adaptation processes, in which cognitive systems change
according to their own developmental ways and times of evolution. “Fit” behaviors
of adaptive systems regulate the interaction between learners and contexts.
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Teachers and educators should deepen the developmental characteristics of the
cognitive potential of each learner in order to manage its levels of educability
during epigenesis. Correlating previous adaptive experiences of learners to actual
individual responses related to environmental stimulations and monitoring the
feedbacks of each adaptive system to her/his context allows understanding the
phenomenon of resistance to change and to cope with it.

The milestone of adaptive variability develops three main educability criteria of
bioeducational approach in mind, brain, and education research as concluding
remarks:

• to monitor how each adaptive system replies to environmental stimulation if the
given feedbacks are open or closed to change, in order to tailor educational offer;

• to travel backward the personal history of learning to find eventual interferences
between internal and external regulation which may cause cognitive discomfort;

• to encourage the personal awareness of self-efficacy in relation to the idiosyn-
crasy of each individual cognitive potential applied to learning.

The aim of bioeducational individual differentiation in mind, brain, and educa-
tion is focused on cognitive entanglement and its development to re-shape the role
of education as educability [116], that is, to customize teaching according to
individuals’ different preferences and their personal evolution.

Core Messages

• Two-way collaboration between neuroscience and education is challenging
to understand the brain in teaching and learning.

• Role of education has to be re-shaped to customize teaching according to
individual preferences and development.

• Aim of bioeducational sciences is to focus on individual differentiation and
adaptive variability to tailor education.

• Individual differentiation enhances the development of cognitive identities
and implicit/explicit collaboration.

• Adaptive variability encourages awareness of self-efficacy in relation to
personal histories of learning.

Table 1 Milestones of
bioeducational approach

Individual differentiation Diversity

Collaboration

Adaptive variability Modifiability

Discontinuity

Integration
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18Critical Thinking for Teachers

Diler Oner and Yeliz Gunal Aggul

Everything we teach should be different from machines. If we do
not change the way we teach, 30 years from now, we will be in
trouble.

Jack Ma

Summary

Developing critical thinking is an important educational goal for all grade levels
today. To foster their students’ critical thinking, future teachers themselves must
become critical thinkers first. Thus, critical thinking should be an essential aspect
of teacher training. However, despite its importance, critical thinking is not
systematically incorporated into teacher education programs. There exist several
conceptualizations of critical thinking in the literature, and these have different
entailments regarding the guidelines and instructional strategies to teach critical
thinking. In this paper, after examining the critical thinking literature, we
suggested that critical thinking could be conceptualized in two distinct but
complementary ways—as the acquisition of cognitive skills (instrumental
perspective) and as identity development (situated perspective). We discussed
the implications of these perspectives in teacher education. While the
instrumental perspective allowed us to consider what to teach regarding critical
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thinking, the situated perspective enabled us to emphasize the broader social
context where critical thinking skills and dispositions could be means of active
participation in the culture of teaching.
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Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Developing critical thinking is an important educational goal for all grade levels
today. As the hallmark of the Western tradition of schooling originating from the
Greeks to the Scholastics [1], critical thinking is related to the idea of rationality,
which is regarded as a significant aim of modern education. While earlier defini-
tions of critical thinking go back to as early as the beginning of the twentieth
century, around the 1970s and 1980s, schools worldwide started to include
instructional objectives related to critical thinking in their curricula and guidelines
[2]. This was partly due to the changing nature of societies and economies, which
were becoming increasingly global [3]. The world was on the brink of the 3rd
industrial revolution, characterized by the rise of computers and automation in
workplaces. This was a time when the types of skills needed in the workforce were
noticeably changing. Machines have regularly replaced humans’ physical and
routine work tasks, as computer technology has been evolving.

We are now witnessing the unfolding of the 4th industrial revolution (4IR).
Future thinking organizations, such as the Institute for the Future and the World
Economic Forum, periodically publish reports to portray the types of skills
demanded in the workforce in the age of the 4IR. Several initiatives have developed
frameworks to teach the skills essential to succeed in a changing world. The most
well-known among these is the Partnership for 21st Century Learning (P21), a
coalition formed in 2001 by educators, education experts, policymakers, and
business leaders. The P21 framework for 21st-century learning outlines the set of
skills beyond the mastery of core subjects. Moreover, the most important
21st-century skills have been identified as the 4Cs, critical thinking being listed as
one, along with communication, collaboration, and creativity [4].

Although preparing for work is not the only purpose of formal education, the
changing needs of the workplace are a major driving factor for changes in edu-
cational systems [5]. Regardless of the source of motivation, there is a clear need
for supporting teachers who could teach critical thinking skills to students. To
develop their students’ critical thinking, future teachers themselves should become
critical thinkers in the first place [6, 7]. Thus, critical thinking should be an integral
aspect of teacher education programs. But what is critical thinking? And, how can
teacher educators develop future teachers’ critical thinking to teach it? In what
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follows, we will address these issues. First, we review the literature’s various
definitions and conceptions of critical thinking. We will then suggest a conceptu-
alization of critical thinking based on two distinct but complementary perspectives
addressing the implications of these in teacher education.

2 Emphasis on Teaching (Critical) Thinking Skills
in Schools

The view of thinking as the primary goal of education goes back to John Dewey,
one of the most prominent philosophers of education in the twentieth century [8].
Dewey called a type of thinking reflective and referred to it as “active, persistent
and careful consideration of any belief or supposed form of knowledge in the light
of the grounds that support it, and the further conclusions to which it tends”
[9, p. 6]. This explanation is accepted as one of the earliest definitions of critical
thinking in the history of modern schooling. Dewey furthermore described the need
for the training of such forms of thinking in his book How we Think. This idea
progressed rather slowly. However, by the 1960s, curriculum design scholars Hilda
Taba and Jerome Bruner were following suit. Their work explicitly focused on the
importance of teaching “thinking” along with factual content. Bruner said: “We
teach a subject not to produce little libraries on that subject, but rather to get a
student to think … for himself, to consider matters as a historian does, to take part
in the process of knowledge—getting. Knowing is a process, not a product” [10,
p. 72]. Also, Taba argued that teaching is not only pertaining to the transfer of
subject matter; instead, it should develop students’ thinking skills [11].

Thus, one can trace back the origins of the conception of critical thinking, as
understood today, to the early twentieth century. Although it took a while to
incorporate educational objectives related to thinking skills in curricula, around the
1980s, there was a notable interest in developing thinking skills [2]. During this
time, the terms “thinking” and “critical thinking” as an educational goal were often
used interchangeably. One of the most potent forms of rationale scholars put for-
ward for teaching thinking in schools was the importance of effective thinking for
democratic societies [12]. Taba clearly explains the role of critical thinking for
democracies: “one scarcely needs to emphasize the importance of critical thinking
as a desirable ingredient in human beings in a democratic society. No matter what
views people hold of the chief function of education, they at least agree that people
need to learn to think. In a society in which changes come fast, individuals cannot
depend on routinized behavior or tradition in making decisions, whether on prac-
tical everyday or professional matters, moral values, or political issues. In such a
society, there is a natural concern that individuals be capable of intelligent and
independent thought” [13, p. 49].
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3 Definitions and Perspectives of Critical Thinking

3.1 Critical Thinking as Cognitive Processes and Skills

The emphasis on teaching thinking led to an initial conceptualization of critical
thinking as cognitive processes and skills. In the book Developing Minds, by the
Association for Supervision and Curriculum Development in the US, which is an
early effort to provide a resource guide for educators to teach “thinking,” Pressesien
[14] presents a model of thinking skills that involves both what she calls basic
processes and complex thinking. Basic or essential processes include the categories
of

• causation, it involves establishing cause-and-effect and assessment;
• transformations, they relate known to unknown characteristics;
• relationships, they are about detecting regular operations;
• classification, it refers to determining common qualities; and
• qualifications, they are related to finding unique characteristics.

On the other hand, complex thinking skills are based on these essential skills for
a particular purpose. Pressesien [14] cites Cohen [15], who considered the fol-
lowing as complex thinking skills:

• problem-solving includes suggesting, testing, simplifying, and explaining alter-
nate solutions for a defined problem;

• decision-making corresponds to comparing alternative options, choosing the
most effective one among them based on relevant information, and developing
justification for this choice;

• critical thinking includes developing cohesive and logical reasoning to analyze,
generate insight, and to determine underlying assumptions as to particular
arguments, meanings, or interpretations; and

• creative thinking means using intuitive and rational thought to develop, invent,
or create new, aesthetic, constructive ideas or products.

There is not any hierarchical relationship between and within these basic and
complex thinking processes; complex thinking processes are built upon the
essential ones, and some complex processes might be more relevant to specific
subject areas than others might. For example, problem-solving skills might be
favored in mathematics and science, while decision-making and critical thinking
might seem more relevant for social sciences.

This understanding of critical thinking as such cognitive processes gave rise to
comprehensive thinking models that helped shape K-12 curricula across the US.
One of the most well-known of these models is the Integrated Thinking Model
proposed by the Iowa Department of Education [16]. This model considers different
higher-level thinking processes as interactive [17]. The interaction among content,
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critical, and creative thinking creates complex thinking, and this crucially engages
the mind to make decisions, design, and solve problems—similar to Cohen’s
complex thinking processes [15]. In addition, the Integrated Thinking Model
considers content as one of the inputs of complex thinking; therefore, suggesting a
resolution to the tension between teaching content and teaching for higher-order
thinking skills.

3.2 Critical Thinking as Cognitive Skills Plus Dispositions

While critical thinking was becoming increasingly more important in education, the
critique was raised based on the idea that critical thinking attitudes or dispositions
should complement critical thinking skills. In other words, it was widely
acknowledged that good critical thinkers possessed not only some cognitive skills
but also the tendency to use their capacity for thinking [18]. Some authors assigned
a more profound role to dispositions by relating them with having a “critical spirit”
[19].

According to Paul, defining critical thinking as the composition of skills only
reduces critical thinking to the status of “a battery of technical skills mastered more
or less one by one” [20, p. 77]. He calls for educators to shift from this
“weak-sense” approach of critical thinking to a “strong” one by emphasizing
intellectual values, standards, matters of character, and motivation. He identifies
nine traits of mind that are needed to activate one’s critical thinking skills. For
example, critical thinkers need “intellectual curiosity” so that they notice the con-
tradictions and inconsistencies in their environments and seek an explanation for
them; they need to be “fair-minded” to follow intellectual standards rather than their
feelings or vested interests to evaluate other viewpoints; or they should display
“intellectual perseverance” for pursuing “intellectual insights and truths despite
difficulties, obstacles, and frustrations” [20, p. 79].

Based on this major shift in the conception of critical thinking, scholars
expanded their definitions of critical thinking beyond “pure skills” or “pure logi-
cality” by taking more account of decision-making, reasonableness, and reflection
processes of the critical thinker [18]. For example, the definition of critical thinking
provided by Ennis has evolved from “correct assessing of statements” [21, p. 599]
to “reasonable reflective thinking focused on deciding what to believe or do” [22,
p. 68]. Along with more comprehensive definitions of critical thinking, much
scholarly work was devoted to identifying critical thinking dispositions along with
cognitive abilities. Ennis determined fourteen dispositions and twelve skills for a
critical thinking curriculum in 1985, and he has preserved this outline with minimal
changes in his recent articles [23].

Towards the end of the 1980s, the growing concern for specifying critical
thinking skills and dispositions and infusing them into K-12 and post-secondary
curricula entailed professionals developing consensus on critical thinking’s core
aspects. Forty-six prominent experts in teaching, learning and assessing critical
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thinking skills came together under the leadership of the American Philosophical
Association in 1988. The product was the Delphi Report, in which an “ideal critical
thinker” was characterized as: “[h]abitually inquisitive, well-informed, trustful of
reason, open-minded, flexible, fair-minded in evaluation, honest in facing personal
biases, prudent in making judgments, willing to reconsider, clear about issues,
orderly in complex matters, diligent in seeking relevant information, reasonable in
the selection of criteria, focused in inquiry, and persistent in seeking results which
are as precise as the subject and the circumstances of inquiry permit” [19, p. 3].

This specific combination of skills and dispositions was proposed as the
framework for educating good critical thinkers of “a rational and democratic
society” [19, p. 3]. In addition to this definition, the experts developed a taxonomy
including six main cognitive skills, namely interpretation, analysis, evaluation,
inference, explanation, and self-regulation together with 16 sub-skills; and 19
dispositions under two categories “approaches to life and living in general” and
“approaches to specific issues, questions, or problems” [19, pp. 14–15].

A more recent taxonomy of critical thinking skills and dispositions has been
suggested by Davies [24]. In this framework, critical thinking skills are classified
under four main categories:

• lower-level thinking skills, e.g., assumption identification and interpretation;
• higher-level thinking skills, e.g., claim analysis and synthesis;
• complex thinking skills, e.g., argumentation and verbal reasoning; and
• thinking about thinking, e.g., metacognition, self-regulation.

Critical thinking dispositions, in turn, fall into four major groups:

• dispositions arising in relation to self;
• dispositions arising in relation to others;
• dispositions arising in relation to the world; and
• other dispositions [24, p. 57].

4 Alternative Critical Thinking Conceptualizations

Thus, the notion of critical thinking in time has evolved from a skills-only view to a
skills-plus-dispositions view. However, this critical thinking conceptualization has
been subject to critique from other schools of thought. More specifically, critical
thinking as skills and dispositions perspective has been criticized for reducing the
function of critical thinking to the detection of illogical arguments and beliefs,
which are accused of preventing individuals from taking control of their own lives
and making rational choices. Furthermore, from this perspective, dispositions have
been regarded simply as a catalyst for the appropriate use of critical thinking skills
[25]. That is, this perspective conceptualizes critical thinking at the individual level;
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and disregards not only the function of social context in the development of critical
thinker but also the transformative power of the critical thinker as an actor of the
social context in which she/he participates [24, 26, 27]. These criticisms towards the
critical thinking movement are mainly based on the perspective represented by
another prominent approach in the critical thinking literature called critical
pedagogy.

The word “critical” in critical pedagogy is borrowed from “critical theory,”
which is a sociological perspective founded by a group of German scholars under
the influence of Marxism, phenomenology, and psychoanalysis [28]. The central
premise of this school of thought is that forms of domination in society -economic,
political, or cultural- continue their existence by permeating every sphere of life.
And the educational system is one of the mechanisms that reproduce “the dis-
courses, values, and privileges of existing elites” [29]. Critical pedagogy attempts to
reverse the role of education in society by advocating curriculum and instruction
methods, which can allow students to reflect on their place in power relations that
are present in society and produce counter-hegemonic practices.

The Brazilian educator Paulo Freire has put forward the foundational ideas of
critical pedagogy and influenced educators worldwide [30]. Freire suggested that
liberating education should primarily promote learners’ critical reflection on their
position in society to reach a level of critical consciousness. Reflection needs to go
beyond individual intellectual effort and be complemented with action. This
authentic unity of reflection and action is called praxis [31].

From the critical pedagogy perspective, pedagogy is a political and moral
practice dedicated to providing conditions for students to be critical citizens and
participants of an emancipatory struggle [32]. Accordingly, higher education should
be organized to cultivate students not only as critical intellectuals but also as critical
citizens to “transform inequitable, undemocratic, or oppressive institutions and
social relations” [1, p. 3]. In other words, education is a means to empower students
to recognize injustice and change it. Critical thinking is a sociopolitical practice
through which citizens as autonomous political actors create alternatives rather than
passively choose among provided ones [28, 29]. While the critical thinking
movement puts emphasis on individual skills and dispositions, critical pedagogy
prioritizes the sociocultural dimension of critical thinking.

Meanwhile, both critical thinking and critical pedagogy traditions received
criticisms from feminist and post-structuralist perspectives. According to these
views, what is claimed to be the universal criterion of “rationality” by the critical
thinking tradition is biased concerning gender, class, and cultural issues [33]. For
feminist scholars, the dominant understanding of “rationality” in the critical
thinking tradition, whose prominent advocates are mostly male, reflects the mas-
culinist way of viewing the world, thinking, and knowing [34, 35]. The biased
position of the critical thinking tradition is not restricted with the exclusion of
women’s perspective; it also ignores other racial or ethnic groups by determining
the Western forms of thinking as the norm [25, 36, 37]. Along the same lines,
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critical pedagogy was criticized for acknowledging a single type of oppression
resulting from capitalist and class-based relations and for being blind to the other
forms of oppression in society [1].

5 Implications of Different Critical Thinking Perspectives
in Teacher Education

While critical thinking might be one of the most frequently used terminologies in
education, one can now realize that its meaning widely differs with respect to the
specific schools of thought. The above discussion only provides a glimpse of the
complexity of the issues around critical thinking. It could be impossible to classify
the variety of critical thinking perspectives along one dimension. Further compli-
cating the matters is that all critical thinking perspectives exist in relation to each
other. Different critical thinking perspectives have different implications when
designing instructional strategies and learning environments to cultivate teachers’
critical thinking. In organizing this section, we will refer to the literature concerning
the guidelines for teaching critical thinking, not just the teacher education literature.
Our primary assumption inherent in the instructional suggestions that follow is that
not only will teachers teach what they know but will also teach the way they are
taught.

Based on the above discussion around the construct of critical thinking, we will
classify the critical thinking perspectives in the literature into two major categories:
critical thinking as cognitive skills (the instrumental perspective) and critical
thinking as identity development (the situated perspective) (Table 1). This cate-
gorization will allow us to highlight both the role of the individual and social
context in developing teachers’ critical thinking.

The “instrumental” perspective of critical thinking promotes critical thinking as a
form of logical thinking (put forward by philosophers) and “higher-order skills”
(formulated by psychologists) [38]. This perspective is essentially captured by the
critical thinking as cognitive skills perspective, explained above, and focuses on
individual cognitive development. This critical thinking development can be con-
sidered instrumental, that is, as a means to the individual’s involvement in the social

Table 1 Critical thinking perspectives

Critical
thinking
perspective

Explanation Purpose Knowing

Instrumental
perspective

Critical thinking as
cognitive skills

Individual development Possessing
knowledge

Situated
perspective

Critical thinking as
identity
development

Becoming a critical
participant in a democratic
school context

Belonging,
participating,
communicating
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context. Once this cognitive development is achieved, it is assumed that the indi-
vidual can meaningfully contribute to society.

The situated critical thinking perspective, on the other hand, conceptualizes
critical thinking as a form of identity development. The critical thinking disposi-
tions also discussed above partly capture the identity development perspective;
however, the idea of dispositions underpins a level of growth at the individual level,
failing to represent the situated understanding adequately. Sfard’s [39]
metaphor-based analysis of learning theories suggests that a situated critical
thinking perspective can be explained with the “participation” metaphor. The
participation metaphor highlights the part-whole relationships by defining them in
relation to each other. Rather than taking possession of specific skills or disposi-
tions as determinants of identity, the situated critical thinking perspective defines
identity as a function of becoming a part of a larger whole. This implies that the
context is not just a background or a facilitator for any learning process; it is an
indispensable part of it.

Based on ten Dam and Volman’s work [33, 38], we consider this identity a
competence that teachers need for critical participation in a plural and democratic
school context. Ten Dam and Volman [38] argue that democratic citizenship re-
quires thinking critically and politically, but that is insufficient. It also entails
commitment, empathy, and a caring attitude. They propose that we need to think
about alternative instructional designs “that do not capitalize on applying tricks of
arguing, nor on the cognitive activity of analyzing power structures, but contribute
to the ability as well as the readiness of students to participate independently in a
meaningful and critical way in concrete real social practices and activities”
[38, p. 371].

5.1 Implications of the Instrumental Perspective of Critical
Thinking in Teacher Education

Most instructional strategies to teach critical thinking have been proposed and
empirically researched based on an instrumental understanding of critical thinking,
that is, the development of cognitive critical thinking skills [38]. Instruction that has
been useful for enhancing critical thinking focused on active and problem-based
learning and fostered interaction among students [33].

Tsui’s [40] review on courses and instructional designs related to critical
thinking revealed that students’ participation in a diverse range of courses from
writing and mathematics to ethnic and women’s studies is positively correlated with
the development of (self-reported) critical thinking. Specifically, courses with an
interdisciplinary approach are found to support critical thinking growth. Still, it is
worth noting that content is presented in an integrative, synthesized manner in these
courses rather than the remote transition of pieces of discrete information [40].

Writing assignments accompanied by the critical feedback of instructor, inde-
pendent group or individual research projects, class presentations [40], activities
providing the opportunity for dialogue and discussion, and authentic

328 D. Oner and Y. G. Aggul



problem-solving [41] are determined as helpful instructional strategies supporting
students’ critical thinking competencies. According to Mpofu and Maphala [42], in
teacher education courses, these strategies can be used implicitly, such as instructor
modeling during different activities, or explicitly, such as exercising Socratic dia-
logue as a classroom activity. Ennis [43] classifies instructional strategies for
teaching critical thinking skills and dispositions under four approaches: general,
infusion, immersion, and mixed. The general approach aims to develop “general”
critical thinking abilities through direct instruction of abstract rules of logic or
informal logic to analyze an ordinary topic from daily life. The infusion and im-
mersion approach both integrate critical thinking instruction into subject-matter
instruction. However, while general critical thinking skills and dispositions are
explicitly referred to during the subject matter instruction in the former, in the latter
approach, they are embedded into the subject matter, and students implicitly learn
them. The mixed approach corresponds to the combination of general and
subject-specific methods.

From this perspective, teacher educators need to delve into the question of
subject-specificity of critical thinking; that is, if critical thinking should be taught in
specific subject matter courses (e.g., math or science) or in more general critical
thinking courses. This issue is also related to the question of transfer, which is an
essential topic of discussion within cognitively oriented learning theories [39].

Some researchers argue that specifically designed critical thinking courses
should be dedicated to teaching critical thinking as a generic set of skills [43–46].
This view assumes that claims and arguments can be abstracted and decontextu-
alized to a level where they are analyzed according to the rules of logic not specific
to any subject matter [25]. Others, on the other hand, claim that there are not any
generalizable critical thinking skills [47–50]. Thus, critical thinking cannot be
learned independently from a subject matter, and some reviews supported this
viewpoint documenting a lack of evidence regarding the effectiveness of general
critical thinking courses [40]. This discussion took the form of synthesis when
Brown [51] suggested that the transfer of general critical thinking skills is possible
when the subject matter is utilized as a context to teach these skills, which is more
likely if significant real-life problems are used.

One implication of these findings is that teacher education programs should not
limit critical thinking to a specific course assuming the existence of abstract critical
thinking skills across disciplines. Even if that should be the case, critical thinking
should be taught so that the transfer to the other domains of study in teacher
education is possible. This can be achieved by designing teacher education pro-
grams that will allow teacher candidates to integrate essential disciplinary knowl-
edge within reflective cycles [52]. According to Shulman [53], the knowledge base
for the teaching profession involves seven categories: “content knowledge; general
pedagogical knowledge; curriculum knowledge; pedagogical content knowledge;
knowledge of learners and their characteristics; knowledge of educational contexts;
and knowledge of educational ends, purposes, and values along with their philo-
sophical and historical grounds.” Teacher candidates could meet this content sep-
arately in different courses. However, they also need to be provided explicit
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opportunities to integrate these different types of knowledge in reflection-based
learning activities. This could be done in separate courses or as part of their
teaching practicum. The reflective tasks could be constructed so that teacher can-
didates can develop their critical skills by continually interacting with their peers
and instructors—e.g., challenging their or others’ assumptions, evaluating different
viewpoints, and identifying areas of improvement based on feedback. Oner and
Adadan [54, 55] showed that these could be done effectively by constructing
web-based portfolios using customized portfolio software, which is carefully
designed by combining both technological and pedagogical elements.

5.2 Implications of the Situated Critical Thinking Perspective
in Teacher Education

The situated perspective conceptualizes learning as becoming a member of a
community of practice [56]. From this perspective, critical thinking is embedded
within the social context it emerges [36]. As Walters determines, “[A]ll thinking is
performed in concrete situations by concrete individuals, and to abstract from either
of these two settings is to risk missing the overall meaning, purpose, and nuances of
a claim or argument. Styles of thinking, as well as ideas themselves, are inextricably
connected with broader, more complex environments of discourse, place, time,
value, and worldview, and to neglect these environments is to limit the function and
range of thinking in an unwarranted way” [25, p. 16].

Thus, learning critical thinking is a social learning process [57]; and it can be
enhanced through social practices in which critical thinking is adopted as a socially
valued norm [37]. Developing critical thinking from this perspective means that
teacher educators need to pay attention to teacher candidates’ active participation
processes in community activities, take responsibility, and gradually become crit-
ical members of the teaching community [38, 58]. As learning is located in a social
context, and knowledge or skills are an aspect of the practice, critical thinking
should be an integral part of the teaching practice. That is, teacher candidates’
participation within the teaching community should require critical thinking skills
within meaningful activities.

The educational objective from this perspective is not just able to think critically
but also showing “the competence to participate critically in the communities and
social practices to which a person belongs” [38, p. 372]. Participation [38] and
action [1, 26] can be viewed as the critical aspects of teacher education built on a
situated understanding of critical thinking. Part of the challenge for teacher edu-
cators espousing this critical thinking perspective is to create such learning situa-
tions involving authentic activities [59], that is, the ordinary practices of the culture
[60], while in reality, such critical teaching culture may not even exist.

One interpretation of the situated critical thinking perspective can be the teacher
candidates’ direct exposure to teaching culture as a pedagogical strategy. For
example, one may become an excellent Argentine tango dancer in Buenos Aires by
just living there and participating in ordinary daily activities. As dancing is
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naturally integrated into the Argentinian culture, one works toward becoming an
active member of this culture, which results in becoming a good dancer (rather than
the other way around). The same may not be accurate in Beijing, China, for
example. Similarly, teacher candidates can become active members of a critical
teaching community more easily when such a culture exists.

However, there are other conceptualizations of an authentic context from the
situated perspective. Putnam and Borko [59] argue that what makes an activity
authentic is the kinds of thinking fostered that will transfer to out-of-school settings.
Similarly, the cognitive apprenticeship model put forward by Brown, Collins, and
Duguid [60] suggests that educators can use the situated perspective by creating
community practices in the classroom. The knowledge-building pedagogy by
Scardamalia and Bereiter [61] is also built on the understanding that the school can
be the context for real knowledge work.

These ideas imply that teacher educators could provide opportunities for teacher
candidates to enter the culture of teaching in their college classrooms. For that,
teaching programs could take advantage of technology that affords to create virtual
worlds. One novel approach in teacher education is using virtual internships [62,
63]. Virtual internships, also known as epistemic games, provide simulations of
professional workplaces. As such, they offer authentic contexts in which learners
could participate in the practices of a specific profession. In these learning envi-
ronments, learners act as professionals while working on authentic tasks by inter-
acting and collaborating with their peers and mentors. Although virtual internships
are new research areas in teacher education, they could be useful tools to actualize
the implications of the situated critical thinking perspective and support future
teachers’ critical thinking development. In using these virtual environments, teacher
educators could design learning activities so that teacher candidates take on several
roles requiring critical thinking skills to complete, which could then be made
gradually more complicated. These would involve, for example, working as an
assistant for the organization of a school science fair, a coordinator for a school trip
to disadvantaged communities, or a district representative for a research project
focusing on equity. The tasks should be created so that the acquisition of critical
thinking skills will be a “by-product” of participation in these activities [33]. Thus,
a meaningful setting can be created not simply as a problem-solving context but as
a setting that requires “critical participation” in the practices of the community,
which has value for both the community and the participant. Critical thinking
should be what enables teacher candidates to participate in the traditions of the
teaching community.

When critical thinking is conceptualized from a situated perspective, tradition-
ally used assessment strategies may not be sufficient. The data are usually collected
with tests and self-report instruments to measure critical competencies. However,
these instruments are typically constructed based on an understanding of critical
thinking from the instrumental perspective [38]. That is, they usually focus on
individual critical thinking skills, such as being able to identify assumptions or
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being able to consider alternatives. Portfolio development and essays would be
more suitable means of assessing critical competencies based on the situated critical
thinking perspective [38].

6 Conclusion

In this paper, our purpose was to examine the critical thinking literature and discuss
instructional strategies to develop critical thinking in teacher education. We
observed an evolving understanding of critical thinking and identified perspectives
focusing on individual cognitive skills, dispositions, and approaches that consider
the individual as part of a broader social context. Based on Sfard’s [39]
metaphor-based analysis of learning theories, we suggested that critical thinking
could be conceptualized in two fundamentally distinct ways: critical thinking as the
acquisition of cognitive skills (instrumental perspective) and critical thinking as
identity development (situated perspective). While the instrumental perspective of
critical thinking focuses on what to teach regarding critical thinking, the situated
critical thinking perspective enables us to emphasize the broader social context
where those skills and dispositions are embedded in participation structures and can
be used for meaningful purposes in the culture of teaching. Critical thinking skills
and dispositions are a by-product of participation and action in the activities of the
culture.

These different critical thinking perspectives have different implications when
designing instructional strategies and learning environments to cultivate future
teachers’ critical thinking. From an instrumental understanding of critical thinking
and based on the findings from the literature, we suggested that teacher candidates
should be given opportunities to integrate essential disciplinary knowledge within
reflective cycles, even if they are introduced to those ideas in different courses. The
reflective tasks could be constructed so that teacher candidates can develop their
critical skills by continuously interacting with their peers and instructors. The sit-
uated critical thinking perspective, on the other hand, requires a different take on the
critical thinking pedagogies. Teacher educators should offer opportunities for tea-
cher candidates to enter the culture of teaching and use their critical thinking skills
to participate in that culture. We suggested that virtual internships could be effective
tools to enculturate teacher candidates into a critical teaching community.

Although we examined the implications of both critical thinking perspectives
separately, this does not suggest that teacher educators should take sides and reli-
giously follow the implications of a single perspective. We believe that teacher
educators should take advantage of multiple critical thinking perspectives when
designing learning environments for the critical thinking outcome. Following Sfard
[39], we further advocate that the individual and social critical thinking perspectives
should complement each other. Learning could be the most complex phenomenon
we have ever encountered; thus, adopting multiple perspectives would only help us
serve many needs.
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Core Messages

• Developing critical thinking is an important educational goal for all grade
levels today.

• Critical thinking should be an essential outcome of teacher education.
• Instrumental and situated perspectives should be combined when design-

ing learning environments to improve teachers’ critical thinking skills.
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Science is the only true guide in life.
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Summary

The economic and technological development of societies depends on the
training of students who can make connections between daily life and science
issues and have problem-solving skills. Integrated science education supports the
holistic development of the student’s personality by establishing a relationship
between school and real life. Although there are different approaches, it is
understood that all approaches to integrated science are more effective than the
traditional single discipline-based approach for the student to learn. This chapter
discusses the importance of integrated science education, teaching approaches at
the K-12 level, and the skills that need to be emphasized to answer this question.
An integrated science teaching program based on the transdisciplinary approach
is exemplified as well.
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1 Introduction

Today, education aims to raise individuals who can understand, produce scientific
knowledge and technology, and solve daily or professional life problems. In par-
ticular, given the positive contribution of the export of high value-added techno-
logical products to countries’ economic growth, it becomes clearer that societies
should update their education systems in line with this vision. One of the most
effective ways to achieve this vision is to provide students with creativity, critical
thinking, information and media literacy, collaboration, and entrepreneurship,
defined as twenty-first-century skills [1, 2]. The results of international student
monitoring and evaluation studies concretely demonstrate the contribution of
individuals with twenty-first-century skills to the economic development of their
communities [3]. However, in today’s world, where information is growing rapidly,
discussions are ongoing about which skills and content should be gained to students
with which methods. Besides, with the rapid advancement of knowledge and
technology, problems become more complex, and individuals are expected to grow
up with a multidisciplinary perspective to solve these problems. For this, it is
undeniable that scientific, social, and technological content should be integrated
into schools. Education policymakers and researchers have been conducting
research and discussions on the integrated science education program and its out-
comes for a long time. According to the literature, the integrated education program
supports knowledge, skills, and conceptual development and offers students
meaningful learning experiences [4–6]. Integrated education programs aim to show
how different disciplines are related in nature by having an interdisciplinary per-
spective of the student instead of a single disciplinary perspective [6, 7]. However,
given the dynamic structure of knowledge and technology, how to implement an
effective integrated science education and which skills should be important
becomes noteworthy. This chapter discusses the importance of integrated science
education, teaching approaches at the K-12 level, and the skills that need to be
emphasized to answer this question. An integrated science teaching program based
on the transdisciplinary approach is exemplified as well.

2 Importance of Integrated Science—A Close Look
from Educational Science Perspective

The economic and technological development of societies depends on the training of
students who can make connections between daily life and science issues and have
problem-solving skills. According to literature, societies are needed for more inno-
vative, creative, versatile, and flexible individuals of our age [8–10]. For this purpose,
one approach links the areas in the education program with each other and daily life.
The effort to investigate the science-technology link and its effects on social life is not
new. Science-technology-society (STS) and socio-scientific issues-based approach,
for example, have been studied in science fields for many years and support the
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multidimensional development of students [11–14]. This effort emerged in the 90s,
including interactions between science, technology, and society in education pro-
grams, and education programs revised themselves in line with this vision [15]. This
vision of integration, which emerged with STS, evolved into the science, technology,
engineering, and mathematics (STEM) approach after the 2000s, with the addition of
mathematics and engineering. In the twenty-first century, since information and
communication technologies have started to play an important role in many areas of
life, STEM education which supports the multi-faceted development of individuals
has gained importance [16]. STEM program has emerged as an approach to integrate
these fields [17, 18]. According to the literature, STEM education has two main
objectives; to increase the literacy of all students related to the core STEM fields and
to guide them towards careers in science, technology, engineering, and mathematics.
To raise successful students to participate in science and engineering careers, stu-
dents should study integrated STEM fields [19]. It is generally recognized that more
student-centered learning environments can attract more students to STEM and allow
them to develop basic 21st-century skills such as solving complex problems and
teamwork. Students should develop and use their strategies to examine complex
problems, use various tools, and solve these problems in a collaborative way [20]. To
achieve this goal, it is stated that learning approaches in which students actively
participate in the process should be employed, and the “integrated STEM” (iSTEM)
approach should be emphasized [21]. iSTEM can often be defined as “a seamless
amalgamation of content and concepts frommultiple STEM disciplines” [21]. Unlike
traditional STEM, iSTEM requires the knowledge and skills of STEM disciplines to
solve complex interdisciplinary problems.

STEM education is becoming more and more common in the world. However,
studies in the literature show that students’ interest in STEM applications has
increased, but students prefer to pursue a career in other fields by changing these
fields [22]. This is a fact that needs to be considered. Moreover, the need for
effective integrated science education should not be overlooked. When the literature
is examined, STEM education practices are focused on technology development
and use rather than being life-based. In a more concrete statement, STEM education
is focused on coding and robotics applications [23]. It can be said that this area has
become dominant in STEM education because most of the programs used (Arduino,
Strach, etc.) are free and accessible, and algorithms are so simple that they can be
taught to pre-school students [24]. Besides, it is unavoidable that robotic applica-
tions address science, technology, engineering, and mathematics in terms of
hardware and software. However, a question arises: is an education covering the
four areas sufficient to raise the desired creative and innovative individuals? The
science, technology, engineering, the arts, and mathematics (STEAM) approach is
recommended to overcome this shortcoming of the STEM approach. The STEAM
approach is an approach that aims to combine arts with STEM topics to develop
students’ cognitive skills, including creativity, innovation, problem-solving, and
employability skills to support career and economic advances such as teamwork
and communication [25]. For a STEM program to be balanced, it needs to incor-
porate art rather than just reading, writing, and speaking skills [26].
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3 How to Teach and Learn Integrated Science

Teaching and learning integrated science refers to a process that is structured by
integrating many disciplines. Integrated learning is seen as one of the most
importantly effective and meaningful learning methods. It combines various edu-
cational paradigms to provide learning opportunities in accordance with each stu-
dent’s style and cognitive structure [27]. By providing a multidisciplinary
perspective, integrated education can also prevent misconceptions students can
make while learning a single subject [28]. It creates motivation by offering a
learning environment where each student can participate according to their abilities.
To design an effective integrated teaching/learning process, it is necessary to
consider the students’ cognitive, emotional, and social development rather than
only acquiring the learning contents with a holistic approach. There are three
approaches to integration: multidisciplinary, interdisciplinary, and transdisciplinary
[28, 29], and the boundaries between them are often blurred, and their definition is
unclear [30]. In this section, I will try to define these three approaches and clarify
the boundaries between each other.

3.1 Multidisciplinary Approach

The term multidisciplinary refers to an approach in which different disciplines
examine the parts of a particular problem situation related to them together or
separately [31]. Each discipline tries to solve the problem by remaining within its
borders [30]. More specifically, in the multidisciplinary approach, participants from
different disciplines exchange views for a problem situation in their common
interests, maybe they work together for a certain part of the problem, but each
researcher solves the problem from his perspective [32]. From the educational
perspective, the clearest practice of the multidisciplinary approach can be seen in
science education. For many years, science education has been a discipline where
physics, chemistry, and biology disciplines are integrated. The education program
consists of units that include specific topics of physics, chemistry, and biology.
However, science education aims not to teach physics or chemistry; teaching
physics is the problem of physics discipline. The aim of science education should
be to gain knowledge, skills, and understanding about scientific knowledge and the
scientific method. The way to achieve this is to consider and teach science as a
whole instead of separating the branches of science with sharp lines. With the Next
Generation Science Education Standards (NGSS) definition, this understanding
could promote science education development based on four domains: physical
science, life science, earth and space science, and engineering design [33]. How-
ever, although this new vision claims to integrate different science disciplines, the
need to integrate more different disciplines continues to provide meaningful
learning.
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3.2 Interdisciplinary Approach

The term interdisciplinary refers to an approach in which researchers from different
disciplines work to integrate each discipline’s conceptual, theoretical, and empirical
perspectives to solve a problem or explain a phenomenon [32]. The interdisci-
plinary approach is a holistic and mutually interactive approach based on synthe-
sizing perspectives from various disciplines that provide a new level of thinking and
work on an existing discipline or introduce a new hybrid discipline [34]. Unlike the
multidisciplinary, disciplines are intertwined in this approach. Interdisciplinary
teaching and learning is a process in which students integrate knowledge, method,
perspective, concept, or theory from different fields to explain a phenomenon or
solve a problem [35]. Interdisciplinary teaching and learning require students to
manage their learning process and develop their design pathways in accessing
learning content [36]. From an educational perspective, it can be said that the
STEM approach is the practical application of this approach. STEM is a systematic
education covering science, technology, engineering, and mathematics at the pri-
mary and secondary levels [37]. It is possible to say that the STEM approach has an
interdisciplinary perspective because, in this approach, it is necessary to integrate
the knowledge, skills, and understanding of these disciplines to solve a particular
problem or to deal with a phenomenon.

3.3 Transdisciplinary Approach

The term transdisciplinary, a relatively new concept, applies to integrating natural,
social, and even health sciences to reach beyond their traditional boundaries [34]. In
a more precise definition, a transdisciplinary approach is a holistic approach that
exceeds disciplinary boundaries to build a shared conceptual–theoretical–empirical
structure for solving a problem [34]. For example, in a public health problem, the
process by which sociologists, food engineers, and community health professionals
work together to develop a common theory, understanding, or method can be
defined as transdisciplinary. In transdisciplinary teaching/learning, it is important to
ensure that students ask real questions, connect them between their daily lives and
their course content, and encourage them to think from different perspectives [28,
30, 32]. From the education perspective, STEAM education is shown as the
practical application of the transdisciplinary approach [38, 39]. STEAM is an
approach that aims to develop students’ creativity as well as innovation and
problem-solving skills and combines arts with STEM subjects for this purpose [25].

4 Thinking Skills for Teaching Integrated Science

As discussions about the importance of thinking skills and how they should be
acquired continue, so as talks about those beyond discipline boundaries do. What is
meant here are the skills not related to a specific discipline, such as creativity and
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critical thinking skills. It is emphasized that well-educated and creative individuals
have these skills [10]. Students need to develop and use their strategies to understand,
analyze, and collaborate with complex problems [20]. I think that achieving this aim
is to focus on creative thinking, critical thinking, and computational thinking.

4.1 Creative Thinking

The concepts of creativity and creative thinking have been one of educators’ and
psychologists’ most important discussion topics for many years. Because creativity
is linked to innovation and progress by their nature, whether in science or art,
fostering creativity is considered an important purpose. Creative thinking is asso-
ciated with creating different ideas, and different ideas are not derived from each
other but are produced independently [40]. Although creativity is a complex skill
that its definition remains under discussion [41], it can be expressed mainly in
perceiving, understanding, and producing new ideas in a problem or situation [42,
43]. It is commonly referred to as “the ability to develop original and functional
ideas, behaviours, or products and is seen as the ability to adapt to individual,
situational and cultural variations” [44, 45]. Creativity is not a single character,
skill, trend, or preference; it is a personality feature shaped by motivation and
especially divergent thinking and intelligence [45]. Creative individuals have four
basic characteristics:

i. they produce ideas using divergent and metaphoric thinking;
ii. they examine ideas through convergent and critical thinking;
iii. they are open to discovering ideas, and they dare to do so; and
iv. they are always ready to listen to their inner voices [46].

Creative thinking ability in any field is also deeply related to thinking in other
fields that seem irrelevant. This relationship also can create new perspectives in
different fields of science. Although there are clear differences between disciplines,
there are critical similarities between successful thinkers in those areas [8]. Weisberg
claims that the way to bring different disciplines together is a creative
problem-solving process [47]. Because creative thinking requires observing and
analyzing a problem from different angles, formulating new solutions, and reaching
new cognitive entities that did not exist before, creative thinking becomes an im-
portant skill for integrated science. The relationships between interdisciplinary ap-
proaches and creative thinking have already been studied. Spooner emphasized that
creativity includes the synthesis of different items, and this feature is one of the main
goals of interdisciplinary approaches [48]. The STEAM education model crucially
aims to cultivate creativity in students’ personalities [49]. The creative personality
reflects creativity in the dimension of personality development. When the literature
is examined, the sub-factors defined for the product of creative personality can be
listed as self-confidence, risk-taking, determination, humor, curiosity, broad interest,
independence, risk-taking, duty responsibility, and imagination [49].
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Holistic and integrated education can be achieved by appropriately blending
ability and personality development. For this reason, separate fields of education
need to be combined, and this point of view is also one of the reasons for the
inclusion of art in STEM education. The integration of arts into STEM provides
opportunities to develop students’ creativity, problem-solving, critical thinking,
communication, risk-taking, and collaboration skills, which are described as
twenty-first-century skills [50].

4.2 Critical Thinking

Critical thinking is a crucial trait an individual should acquire; however, debates
about identifying it or making it available for all individuals are ongoing.
According to the literature review, critical thinking has different definitions in
philosophy [51], cognitive psychology [52], and education [53]. From a philo-
sophical point of view, critical thinking is the process through which one decides
what to do or believe in a rational manner [54]. Bailin [51] improved the philo-
sophical definition and described critical thinking as a certain quality of thinking
that meets the correctness and adequacy of knowledge. In brief, it can be stated that
the philosophical approach focuses on the operation of logic rules to define critical
thinking [52] and considers being open-minded and welcoming different perspec-
tives as significant to becoming a critical thinker [55].

The cognitive psychological approach criticized the philosophical approach to
determine the standards or criteria of “good thinking” and addressed critical
thinking as a phenomenon that cannot be directly observed behaviorally, focusing
on the products of thinking, such as analyzing and interpreting [51]. According to
the cognitive psychological approach, critical thinking refers to cognitive processes,
strategies, and representations used for problem-solving, decision-making, and
learning [52]. The use of cognitive skills provides observable outcomes as to be
open to new evidence, seeking support by evidence, and deriving conclusions based
on existing facts [56]. From the educational perspective, as for the cognitive psy-
chological approach, instead of providing a direct definition of critical thinking,
researchers define skills related to critical thinking; e.g., analysis of arguments,
claims, or evidence [53, 55, 57]; inference using inductive or deductive reasoning
[53, 55–57]; judging and evaluation [53, 55, 58]; and decision-making and
problem-solving [53, 56]. In summary, critical thinking is the combination of the
most important skills that should be acquired by individuals. However, as in the
definition of this phenomenon, discussions on developing critical thinking continue.

Many researchers [53, 55–57] chose to refer to critical thinking as critical
thinking dispositions. Disposition is used literally to mean tendency, creation
(habits), and talent. If it is mentioned concerning talents or habits, it can be con-
sidered that developing critical thinking is very difficult in educational processes.
However, the concept of disposition is expressed in three main components:
inclination, sensitivity, and ability [59], different from the lexical meaning given
above. According to this definition and point of view, critical thinking skills are
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learnable. Similarly, Lai [60] stated that critical thinking has two dimensions:
cognitive ability and disposition. He emphasized that the latter could be seen to
refer to attitudes. Moving from these discussions, it can be stated that critical
thinking has two dimensions: inborn features and acquired skills. Inborn features
(habits) are open-mindedness [53, 61], fairness [55, 61], curiosity [61, 62], desire to
be well-informed [53, 55], and flexibility [55]. The second dimension includes
acquired cognitive skills mostly learned in education, such as analyzing data,
interpreting outcomes, deducing, explaining phenomena, evaluating, and reasoning
[62]. Although critical thinking comprises both innate and acquired skills, there is
insufficient research on how innate traits form individuals’ critical thinking skills.
But Lai [60] suggested that people develop their critical thinking competencies
early in life, and this development continues for a lifetime. Even though many
adults fail to think critically, theoretically, all people can achieve this.

The purpose of integrating critical thinking into education programs is to
develop an objective, open-minded, and decisive individuals. To develop critical
thinking in schools, there are two basic approaches: content-based and skill-based.
Ruggiero [63] argued that skill-based educational programs should be developed to
raise students as critical thinkers. Similarly, Ennis [59] emphasized that the
skill-based approach is more effective because the second approach may overlook
critical thinking skills by focusing on content. Pithers and Soden [64], approaching
critical thinking from a different view, stated that the tendency of students to engage
in critical thinking may be increased through maturing their ontological and epis-
temological views.

4.3 Computational Thinking

One of the twenty-first-century skills that students should gain is computational
thinking. Although computational thinking is theoretically defined, discussions are
ongoing on how to measure computational thinking skills and what kind of teaching
approach can be more effective to develop computational thinking skills [65].
Although computational thinking was defined as one of the twenty-first-century
skills, it was considered algorithmic thinking in the historical process, especially in
the 1960s and 1970s [66]. Today, it has focused on producing algorithmic solutions
for different problems and determining the best solution proposals [67]. Compu-
tational thinking involves problem-solving steps such as problem formulation, so
the problem is well-defined for solving with computers, data organization, analysis,
and abstract data presentations, for example, using models and simulations [68, 69].
Computational thinking is often seen as systematic thinking of computer science;
however, it is not unique to computer science but rather a multidisciplinary thinking
skill as it is a problem-solving process [67] because computational thinkers think
like a mathematician in solving a problem, an engineer in embodying a complex
system, and a social scientist in understanding the mind and human behavior [69].

Wing first conceptualized computational thinking in 2006 as a fundamental skill
for everyone [70]. Then, in 2008, Wing embodied “… is taking an approach to
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solving problems, designing systems, and understanding human behavior that
draws on concepts fundamental to computing” [69, p. 3377]. Up to this point, the
importance and necessity of computational thinking were emphasized, but it was
not yet clear which sub-dimensions it covered. These sub-dimensions have been
clarified by Barr, Harrison, and Conery [68, p. 21], who consider computational
thinking a problem-solving process that includes the following skills;

• formulating problems in a way that enables us to use a computer and other tools
to help solve them;

• logically organizing and analyzing data;
• representing data through abstractions, such as models and simulations;
• automating solutions through algorithmic thinking (a series of ordered steps);
• identifying, analyzing, and implementing possible solutions to achieve the most

efficient and effective combination of steps and resources; and
• generalizing and transferring the problem-solving process to a wide variety of

problems

Many researchers have considered computational thinking as a problem-solving
process [65, 71, 72], and computational thinking skills are claimed to help students
choose and use appropriate tools and strategies for problem-solving [72]. Barr,
Harrison, and Connery [68] state that the integration of computational thinking into
education programs can help students develop their computer software skills, solve
their insecurity against the complex problems of nature, and improve their emo-
tional skills, such as working and communicating with their peers.

5 An Example of Transdisciplinary Education Course

In this transdisciplinary science education program designed to be used at the
middle school level to develop students’ computational thinking and
problem-solving skills, the “communication” term has been determined as the focal
point. In this context, it is aimed to

• understand the role of sound, light, and electromagnetic waves in communica-
tion technologies; and

• develop and use these technologies for problem-solving

The purpose of this program is to

• provide students the ability to understand the importance of communication,
communication methods, technologies, and social role of communication;

• have the scientific and mathematical knowledge and skills under
communication;
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• use and develop communication methods and technologies; and
• identify and solve the problems arising from communication deficiencies.

This context aims to create and present teaching environments that support
learning needs and motivations for creative, critical, and computational thinking
skills. This theme involves, within the scope of:

• science course, light, sound, electrical circuits, frequency;
• mathematics course, patterns, coordinate plane, measurement;
• technology, sound and light technologies, EMD technologies, media tools;
• engineering understanding, working principles of communication technologies;

and
• art, general music theory

All classroom activities have been described in Table 1.

Table 1 Example of transdisciplinary science education program

Activities Purpose and context
of an activity

Conceptualizing
problems

Operationalizing
solutions

Construct your
own koto

This activity aimed to
gain knowledge about
the nature of sound
waves to middle
school students

In this activity,
students are asked to
construct Koto which
is a traditional
Japanese string
instrument. In this
process, they will try
to solve a lack of
communication
problems in their
social lives by
composing simple
melodies

Students should
integrate their
mathematics, science,
and music knowledge
and skills

Power of
music

In this research,
students will try to
solve a
communication
problem in their social
lives by preparing
their xylophones

In this activity, the
copper bars must
calculate the lengths
correctly to capture
the correct note
frequencies

Students are expected
to design melody
patterns to solve a
communication
problem in their social
life

Emergency
signal tool

This activity aimed to
develop students'
coding and
computational
thinking skill by
designing
communication tools
which use electronic
circuits and Arduino
microcontroller

Students should try to
solve emergency
communication
problems with sound
signals in Morse Code
or another coding
pattern designed by
them

(continued)
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ICILS (2018) addresses computational thinking in two steps:

i. conceptualizing problems that involve knowing and understanding digital
systems, problem formulation and analysis, and data curation and interpreta-
tion; and

ii. operationalizing solutions consisted of two skills

• planning solutions; and
• evaluating and developing algorithms, programs, and interfaces [73].

I prefer this classification to organize computational thinking and
problem-solving in this program.

Table 1 (continued)

Activities Purpose and context
of an activity

Conceptualizing
problems

Operationalizing
solutions

Mysterious
signal

This activity is
targeted to develop
the algorithmic
thinking and
computational
thinking skills of
students

The activity's context
is light waves, and
students need to
develop a
long-distance
light-based
communication tool
to solve a lack of
communication
problems

After they design
tools, they should
construct a simple
signal language to
channel simple
directives

Designing light
board

Students need to
design a 4 � 4 LED
matrix via following
the instructions
provided in the
activity sheet and
code this LED matrix
to solve a lack of
communication
problems in social
settings

Like the emergency
signal tool activity,
students will use the
Arduino
microcontroller to
construct
communication
languages such as
emoji or letters

Significance of
colors in
communication

In this activity,
students should notice
the importance of
colors in
communication and
they will design a
communication tool
consist of different
color LEDs

In this process,
students should use
the Arduino
microcontroller and
construct an algorithm
to solve a lack of
communication
problems in their lives
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Students first face a real-life problem situation in this transdisciplinary cur-
riculum. Students should be ensured to collaborate to provide possible solutions to
this problem. In this process, they should first integrate their knowledge of different
disciplines to conceptualize the problem and then coordinate their thinking skills to
demonstrate and test their solutions. The process has been tried to be explained
concretely in Graphical Abstract.

In this way, students can solve their problem situations with a transdisciplinary
perspective and achieve a holistic perspective in which they will experience it in
their professional lives.

6 Conclusion

Integrated science education is a preferred approach in the first years of education
for many years. Generally, the education programs of science education and social
studies education courses in primary education are developed according to the
integrated science approach. On the other hand, this preference causes the impor-
tance of some lessons not to be sufficiently emphasized. For example, the science
education concept has been considered the sum of physics, chemistry, and biology
both by teachers and students. Because natural sciences such as physics, chemistry,
and biology are associated with the common term of “science,” it has long been
understood as a combination of physics, chemistry, and biology units. While
developing science education programs, I think that it draws sharp lines between
the units, beyond associating with disciplines such as mathematics or technology, it
cannot provide integrity even within itself, and this situation is an obstacle to
meaningful learning. Numerous studies show that students fail to transfer their
knowledge to other fields. The main reason for this deficiency is that education
programs do not provide transferable knowledge and skills. Because it is very
difficult to expect the knowledge and skills acquired separately and independently
to be made sense of by the students—this calls for a well-developed education
program to ensure that students consider the full context when configuring their
knowledge.

In the literature, integrated science education programs are shown as a powerful
tool in developing students’ knowledge and skills [7]. However, the effective
implementation of integrated science education programs is, for example, based on
adequately prepared teachers on the education program-related content knowledge
[4, 74]. At this point, policymakers and education researchers should consider the
priority of the transition of the integrated science education program from multi-
disciplinary to transdisciplinary. Because although each approach has strengths and
weaknesses relative to each other, transdisciplinary offers a more integrated and
integrated framework than others. When the education programs are examined, the
interdisciplinary approach, which is generally preferred at the primary level, is
replaced by the disciplinary approach in the following years. This view is partially
acceptable because specialization in a discipline is expected to increase time spent
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in education. However, in this case, it is seen that individuals have difficulties in
establishing interdisciplinary relations and cannot transfer information and agree-
ment belonging to one discipline to another discipline. For this reason, the approach
to be preferred should be to provide a holistic education framework by focusing on
discipline rather than directing students to a specific discipline. The second
important point for policymakers and education researchers to consider is inte-
grating content and skills. Since it is inevitable to consider the needs of the age in
determining the content, the curricula to be developed will inevitably be much more
flexible than the disciplinary curricula. This may make content and skill integration
more possible.

In this chapter, I especially tried to define and explain cross-cutting skills, which
I see as core skills for integrated science education. Creative and critical thinking
are basic skills for problem-solving; educators need to be willing to bring these
skills into their classrooms. Besides, these skills are associated with students’
success in their personal and social lives and academic performances. Also,
according to Barr, Harrison, Connery [68], computational thinking is not only
related to cognitive skills, but also it supports self-confidence, tolerance to uncer-
tainty, the ability to deal with open-ended problems, and collaboration for a pur-
pose. From this point of view, I think these three skills are the basis of integrated
science education.

Core Messages

• Integrated science education can help people develop and to be employed
according to their age.

• Integrated science education should foster a school-real life relationship
that supports the personality development of students.

• Effective integrated science education is possible with instructional designs
that prioritize cross-cutting skills rather than content.
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20Cultivating Thinking Skills
in Education

Nurulwahida Azid and Tee Tze Kiong

Any man who reads too much and uses his own brain too little
falls into lazy habits of thinking.

Albert Einstein

Summary

Cultivating a mind is crucial in preparing a successful personal and professional
life. Educators and students need to develop their thinking and values essential
to practice. However, developing thinking is not an easy job. This chapter
discusses the importance of thinking in education, contextualizing thinking skills
through the theory of successful intelligence and multiple intelligences. This
chapter also discusses the three engaging ways to teach thinking skills:
i, thinking using multiple intelligences activity; ii, thinking using case-based
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learning activity; and iii, thinking using a thinking map. Lastly, two case studies
on cultivating thinking in elementary and secondary school students are
included. The first case study discussed developing interactive application
courseware to empower remedial class students using the edutainment approach.
On the other hand, the second case study focused on constructing an interactive
pedagogical tool in improving higher-order thinking skills. Each case study
explains the research design, instrumentation, research procedures, samples,
findings, and discussion in detail.

Graphical Abstract/Art Performance

Cultivating thinking skills in education.
The work is inspired by the quote from Albert Einstein “The value of a college

education is not the learning of many facts but the training of the mind to think.”
(Adapted with permission from the Association of Science and Art (ASA),

Universal Scientific Education and Research Network (USERN); Made by
Negar Vanaki).
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Education is important as early as preschool age from 4 to 5 years when children
are introduced to the learning process. Since 2018, UNICEF has made educational
contributions to 12 million children worldwide [1]. Programs with critical skills on
learning and personal empowerment to produce active citizens who have jobs have
been provided to 2 million children and adolescents worldwide [1]. Through
strategic planning, the study [1] has outlined Goal area 2, which enshrined UNI-
CEF's focus on education starting from early childhood education through skills
development among children. These skills mainly include communication skills,
decision-making, problem-solving, and thinking skills.

Business leaders, politicians, and educators mostly believe that students need
21st-century skills to succeed in life. Life in the age of technology is constantly
changing in line with the development of the industrial revolution causing the field
of education to concoct new and different skills and abilities among its students.
However, the skills needed by students in the twenty-first century are not new.
Thinking and problem-solving skills, for example, have become components that
reflect the progress and process of human development. Historically, thinking skills
have evolved from early human development to agricultural advances and vaccine
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discovery to land and sea exploration. The need for thinking skills stimulates
students to communicate and react to various types of knowledge, from facts to
complex analysis.

2 The Contextualizing of Thinking Skills Through
Successful Intelligence Theory

The educational transformation that is taking place in the education system around
the world, including developed countries like the United States, emphasizes that
students in schools learn thinking skills [2]. Thinking skills, problem-solving,
creativity, analytical thinking, collaboration, and communication skills have been
critical in the twenty-first century. Students need to be creative in thinking and
working in any environment and ensure that their creations and resolutions are
unique and meaningful [3]. Creativity is the main platform that inspires students to
know who they are, what they can do, and realize their ability to achieve something.
Further, students should be analytical in their thinking when making comparisons
and assessments and synthesize and apply ideas autonomously during supervision
[4]. In other words, analytical thinking skills allow them to use higher-order
thinking skills (HOTS).

There are several approaches to gauge thinking skills. In this part, thinking skill
refers to the concept introduced by [5], which is known as successful intelligence. It
denotes the students’ ability to manipulate and use whatever strength they have to
handle weaknesses and to solve problems in their daily lives which in the long run
will achieve success in society. At present, this country needs academically intel-
ligent students and those who are apt at solving problems and making sound
decisions through analytical, creative, and practical thinking. Boosting the students
to embrace cognitive intelligence through problem-solving skills should be given
serious attention in the education system. Some believe excellent students can make
analytical, creative, and practical thinking [6]. According to [7], to produce a
society that is innovative, scientific, progressive, and providers, the country needs
many citizens who have critical and creative thinking skills, especially highly
educated ones. HOTS is one of the employability elements focused on by every
employer before they hire their workers. To be employed, undergraduates need to
have HOTS to survive in the working environment. The commonly mentioned and
accepted aspects of employability are categorized in three sections, as displayed in
Table 1.

Skills such as solving problems, making decisions, and critical and creative
thinking are in the employers’ list of characteristics they look for in the graduates
applying for jobs. Graduates with these skills will contribute ideas, make sound
decisions and use their thinking skills to solve problems they face at work. Thus,
employers need graduates with these abilities and skills to increase the organiza-
tions’ performance. Bloom’s Taxonomy divides thinking skills into low and high
levels of knowledge [8]. It begins with having knowledge, understanding, and
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application at the low level, while at the higher level, there are analysis, evaluation,
and creative skills. HOTS is seen as an important aspect of solving problems and
making decisions. In preparing channels for undergraduates to enhance their HOTS,
learning sessions must be active [10]. Active learning can be implemented in
various ways such as case-based, problem-based, and project-based,
discovery-based, and inquiry-based, simulations-based, and game-based types of
learning, writing, debate, and so on. If students have HOTS, they will become a
professional source of human capital for their country. This type of quality is crucial
to ensure the development and prosperity that wants its citizens to be resourceful
and productive.

3 Thinking Through Successful Intelligence Theory [5]

Successful intelligence theory [5] proposed a different intelligence perspective than
the traditional intelligence theory. It is different because it emphasizes intelligence
that can be applied in daily lives. This theory is based on an information processing
approach that connects the world within and outside of individuals. Through suc-
cessful intelligence theory, an individual has three thinking skills: analytic, creative,
and practical [11]. These three types of thinking skills exist in three different levels
whereby a person will either excel in one of the three or excel in all three aspects.
However, certain individuals are weak in all three. One intelligent individual can:

i. associate intelligence with the individual's inner world and explain what
happens when an individual is thinking intellectually, which involves the
component's element of analytical thinking skills;

ii. relate to the individual’s experience, which involves the experience element of
creative thinking skills; and

iii. give attention to the outside connection as having the association with an
individual's intelligence and displays how intelligence functions in the real-life.
This involves the element of context that is equivalent to practical thinking
skills [6].

Table 1 Employability skills [9]

Basic skill HOTS Personal skill and attitude

Communicating Critical thinking Social skill

Reading and Understanding Instructions Studying Good work attitude

Basic arithmetic Solving problems Cooperation

Writing Making decisions Confident

Responsible

Discipline

Able to acclimatize oneself
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The study [6] designed a successful intelligence theory with three elements to
explain an individual’s intelligence. He named the elements a sub-theory compo-
nent or analytical thinking intelligence, sub-theory experience or creative thinking
intelligence, and sub-theory context or practical thinking intelligence. These three
affect each other and enhance information processing more pragmatically [3].

3.1 Analytical Thinking Intelligence

Analytical thinking intelligence or sub-theory component is related to cognitive
process. It explains the general information processing done by humans to obtain
and manipulate knowledge. Analytical thinking intelligence is required to analyze
and evaluate options in life, among which are identifying problems, defining
problems, selecting a suitable strategy, and monitoring resolutions made. In sum-
mary, analytical thinking intelligence is used to process information.

3.2 Creative Thinking Intelligence

Creative thinking or sub-theory experience explains the influence of experience in
implementing cognitive tasks [5]. Solving daily life problems requires creative
thinking skills to determine the options to solve problems [12]. Creative thinking
skills are involved when an individual is engaged in activities such as organizing,
inventing, exploring, discovering, predicting, and imagining. Creative thinking
intelligence is an interaction between the individual’s ability and prior experience
[3]. The stages in creative thinking intelligence show how the individual’s ability to
solve problems improves when the individual continues to face similar or near to
similar problems. Individuals with creative thinking skills can usually relate to past
experiences and automatically process the information.

3.3 Practical Thinking Intelligence

Practical thinking intelligence associates intelligence with the real environment
relevant to the individual [6]. Practical thinking intelligence shows how the indi-
vidual adapts, develops, and selects the surroundings. This is one of the aspects of
practical thinking, known as street smart, where the individual is familiar with
his/her surroundings. The individual will adapt to the surroundings optimally, set a
clear vision, share skills with the public, and display strength to balance the
weaknesses [6]. Individuals with practical thinking can hide self-weakness [6].
They will display strength by adapting to their surroundings, especially their
society. Problem-solving activities can increase and enhance the thinking ability of
individuals towards becoming more analytic, creative, and practical [12]. Students’
thinking abilities will always be challenged using various ways and methods of
solving problems.

360 N. Azid and T. T. Kiong



4 Thinking Through Multiple Intelligences Theory [15]

Multiple intelligences are one of the tools used to stimulate individuals to think.
Some believe that intelligence involves a person's capability to solve problems or
create a masterpiece (composing a song, poem, or dance choreography) in the
cultural context [13]. Multiple intelligences theory can encourage students to solve
a problem using various intelligences [14]. Multiple intelligences and thinking
intelligence have similarities for that the best way to study intelligence is to observe
how individuals solve problems in their living environment by using thinking
intelligence in meeting their needs [6, 15]. Eight intelligences are verbal-linguistic,
logic math, visual-spatial, kinesthetic, music, interpersonal, intrapersonal, and
naturalist [13]. According to this theory, every human being has all these intelli-
gences at different levels of development and can improve them through learning
activities provided in and outside the classroom. It is supported by [16] that children
can show what is referred to by [13] as proclivities or inclinations in a particular
intelligence at a very young age.

Verbal linguistic intelligence is a language-related aptitude that includes lis-
tening, reading, and writing. People with verbal-linguistic intelligence use language
to acquire information or knowledge. They are usually writers, poets, reporters,
comedians, narrators, and others related to language. They can

i. understand the meaning, sequence, spelling, and meaning of words, master the
reading, organize the ideas to be conveyed by the task, and spell the words
found in it;

ii. have confidence when speaking. They can engage during class discussions and
are confident in participating in speech competitions or discussion forums;

iii. learn and teach by explaining. They can learn and teach a topic using a
storytelling approach and give a detailed explanation;

iv. make jokes. They can joke in front of friends using funny language and apply
elements of humor in reading that can improve memory;

v. can analyze language. They can distinguish and master the types of languages
known in terms of speech style and usage; and

vi. have a good memory of names, places, and dates. They can remember books,
names of new friends, recently visited places, and special dates such as dates of
birth, death, and marriage.

Verbal-linguistic intelligence can be summarized as students’ ability to use
words and language in more complex meanings.

Logic-math intelligence is the intelligence associated with scientific and mathe-
matical thinking. Students with a tendency in this intelligence demonstrate thinking
abilities such as calculating, reasoning, solving problems involving numbers and
number systems, structuring, and others related to science and mathematics. Those
who have this intelligence are often mathematicians, accountants, scientists, and so
on, related to science and mathematics. Students who have this type of intelligence
will usually analyze the components of the problem before solving it systematically.
Students with logic-math intelligence can:
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i. recognize abstract patterns. They can understand an abstract (non-concrete)
theory such as the theory of electric current flow, which involves the move-
ment of electrons that cannot be detected through the naked eye;

ii. make inductive reasoning and conclude from general observations. If certain
students are more actively studying in the morning every time an observation
is made, the inference is that all students may prefer to study in the morning;

iii. make deductive reasoning. They can draw conclusions from specific to general
based on observations. For example, a little boy sees a winged pigeon fly
(perception of all winged birds can fly), then this little boy is confident and
believes the ostrich can also fly because it is also a kind of winged bird;

iv. make connections and relationships. They can recognize and understand the
relationships between one mathematical formula and another, such as the use
of Pythagoras theorem in trigonometry;

v. solve complex problems. They can solve some complicated problems that were
never encountered simultaneously, such as solving some new tasks in a short
time; and

vi. make scientific reasoning. They can reason (think logically) something with
systematic evidence, such as doing experiments in the laboratory.

In conclusion, logic-math intelligence involves thinking skills related to calcu-
lation operations involving numbers, reasoning, thinking logically, making
hypotheses, and solving complex mathematical problems. Scientists, accountants,
engineers, computer programmers, computer engineers, and chemists are the rep-
resentative professionals.

Visual-spatial intelligence is a skill related to visuals, image formation, and the
ability to transfer a world view space into a mental image. This capability is
indispensable for construction, material surveying, and engineering work. Their
abilities include creating, recognizing patterns, shapes, designs, colors, exploring
and capturing vast oceans, and always depicting things in the form of images.
Everyone has this ability, including the blind. They may be painters, architects,
sailors, soldiers, pilots, architects, photographers, video makers, designers, sculp-
tors, and navigators who can:

i. have an active imagination. They can always imagine something they like,
such as three-dimensional (3D) car models or a perspective view of a building;

ii. think in the form of images. They can translate something read into the form of
a picture or imagine it in 3D forms;

iii. can use space. They can optimize a small space, such as completing additional
notes on a reference book;

iv. can produce images or sculptures. They can paint and build models;
v. design a graphic form. They can produce and explain the results of mechanical

drawings to others;
vi. find the relationship between objects in an empty space. They can arrange

simple and functional electronic components on an empty circuit board; and
vii. can make perceptions of an object from different angles or views. They can

imagine an object from different angles, such as a one-point, two-point, or
three-point perspective.
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Visual-spatial intelligence can be inferred as the ability to think in three
dimensions, can describe images that are designed, modified, or altered. Students
with this intelligence can produce or identify information presented in graphic form.

Bodily-Kinesthetic intelligence involves the physical use of the hands and other
parts of the body. Students with kinesthetic intelligence have good body coordi-
nation, such as dancers, sportspeople, surgeons, drama actors, and handicraft
makers. They often use gestures, have a flexible body, and love to touch when they
see something. Body coordination is related to the balance of the body controlled by
the brain in the cortex. Students with kinesthetic tendencies often can:

i. voluntary control movement. They can do yoga and control the body's
movement easily and elastically, or read while recording important content
spontaneously;

ii. control the arrangement of movements. They can run an experiment regularly
and carefully;

iii. connect mind and movement. They can move around the room while reciting
memorized readings;

iv. increase greater awareness of body movements. They are not static while
studying; instead, they do body movements at certain periods to ensure they
have a correct and healthy posture while studying; and

v. imitate themovements of others. They can experiment with seeing a teacher do it.

In conclusion, kinesthetic intelligence involves the movement of muscles and the
whole body. Students who have this intelligence can manipulate objects with
physical skills.

Musical intelligence is related to auditory intelligence. It is also related to the
ability to hear using rhythms, tones, and melodies. They can turn sounds into beats
and remember melodies. They are sensitive to human voices, nature sounds, and
musical instruments. They may be singers, music performance conductors, musi-
cians, musical instrument designers, dancers, songwriters, composers, and music
listeners. They can:

i. evaluate the structure of music. They can distinguish interesting music com-
positions from those which are not and, in addition, able to choose the right
music to play while studying;

ii. be sensitive towards sounds. They can recognize the sounds in the environ-
ment while adapting to the most comfortable atmosphere while learning; and

iii. assess the quality of music. They can differentiate between high-quality music
and non-music and listen to preferred music while studying.

So, we can easily find students with musical intelligence when playing musical
instruments, remembering the song's melody, identifying off-key music notes,
learning while listening to music, and often singing songs to themselves [13]. In
addition, students who have musical intelligence can show a high sensitivity to
sound and connect with emotions.
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Interpersonal intelligence is the ability to understand and interact with others
effectively. They work well in groups and usually play a role in the leadership
aspect. Educators, coaches, scholars, actors, social workers, and politicians have
this kind of intelligence. They can

i. have active communication abilities. They can give a speech before an audi-
ence and communicate effectively with lecturers and course partners;

ii. be sensitive to the feelings, motivations, and habits of others. They can take
into account the needs of others by not being too selfish in completing an
assignment;

iii. work in groups. They can perform a group task well without causing any
difficulties in cooperating;

iv. recognize and categorize the behavior of others. They can distinguish between
friendly, quiet, passive, aggressive, and archive friends. This will make it
easier for one to work together in group assignments where there is no tension
in the group; and

v. spend time with friends, groups, and family. They can review and complete
assignments together with classmates.

Among the traits highlighted by students who have this intelligence are: having
many friends, showing empathy and understanding others, often engaging in group
activities, and socializing wisely either at school or in the community.

Intrapersonal intelligence is the intelligence to understand inner feelings,
self-reflection, the supernatural, and self-life in this world. Individuals know them-
selves that involves feelings, intentions, goals, and motivations in life. Philosophers,
psychologists, and screenwriters use this type of intelligence. They can:

i. focus on the mind. They can focus on self-thinking without being disturbed by
external factors in making decisions and able to concentrate while studying or
listening to lectures;

ii. reason. They can think logically about an event, such as planning time to
complete an assignment by reviewing an exam;

iii. concentrate on something easily. They can concentrate in the classroom or do
practical work in a workshop; and

iv. understand themselves. They can understand their needs and wants clearly,
such as the exam results to be achieved.

Among the characteristics of students who have this intelligence are being
independent, being able to voice a thoughtful opinion on a controversial topic,
having high self-confidence, living life with privacy, and being alone in the pursuit
of goals, hobbies, or performing tasks at school.

Naturalist intelligence is thinking by identifying and classifying the environment's
components. This intelligence has developed since human evolution, where humans
worked as hunters, harvesters, and farmers. Students with naturalist intelligence show
interest in gardening, caring for plants at home, and building beautiful landscapes. It
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is easy for them to recognize and remember the names of plants and animals. Students
with this intelligence enjoy activities such as camping, hiking, diving, bird watching,
mountain climbing, or observing small changes in the environment and are enthu-
siastic about acquiring the knowledge of biology, zoology, botany, geology, mete-
orology, and astronomy. Among the characteristics of students who have this
intelligence are learning activities such as collecting dried butterfly species or snail
shell collection, identifying the names of plants and animals, and keeping pets such as
cats, birds, rabbits, and others. They love gardening activities and ornamental trees. In
conclusion, learning activities preferred by students who tend to have this intelligence
show skills appreciating the environment well.

5 Three Engaging Ways to Teach Thinking Skills

5.1 Thinking Using Multiple Intelligences Activity

The learning process becomes more effective and interesting if teachers are sensi-
tive to match teaching and learning. The construction and preparation of learning
activities that match students’ intelligence will further enhance the effectiveness of
teaching and learning in a subject. Multiple Intelligences is also a learning tool for
thinking, problem-solving created for use by all ages [13]. Multiple Intelligences
can be conceptualized into three categories:

i. object-related intelligences: visual-spatial intelligence, logic-math intelligence,
kinesthetic intelligence, and naturalist intelligence are;

ii. object-free intelligences: verbal-linguistic intelligence and musical intelligence;
iii. person-oriented intelligences: interpersonal intelligence and intrapersonal

intelligence.

As for the learning-oriented verbal-linguistic intelligence, teachers

• focus on the use of students’ language;
• encourage the improvement of language skills naturally;
• build language skills and language development cognitively;
• always connect language and writing; and
• integrate language components by incorporating language appropriateness

components in reading, writing, and conversation.

Examples of learning activities are slogan creation, student experience writing,
songwriting, school bulletin writing, and writing dialogues, letters, posters,
advertisements, bookmarks, essays, and booklets. Activities in the form of speech
include storytelling, class discussions, Think-Pair-Share (sharing of opinions), Buzz
group, and interview sessions. For logic-math intelligence-oriented learning,
teachers need to:
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• place functional objects around students;
• familiarize students with the concepts of quality, time, cause, and effect;
• use abstract symbols and present in the form of objects or concrete concepts;
• demonstrate problem-solving skills;
• present and test hypotheses;
• stimulate mathematical skills such as statistics, physics, and computer pro-

gramming or expose them to research methods.

As active learning activities, teachers:

• ask questions in the form of strategies;
• present problems and ask students to solve them;
• build models based on specific concepts;
• encourage students to demonstrate a concrete object;
• encourage students to present logical results such as testing hypotheses;
• encourage students to defend the facts and opinions presented; and
• create opportunities for students to conduct surveys and investigations.

Further, learning using kinesthetic intelligence is by conducting tours. Through
this activity, the teacher stimulates students to think through kinesthetic intelligence
by giving the role to students to:

• identify the purpose of the visit and the results of the visit;
• identify information related to, for example, place, time, clothing, items to be

brought, signature permission of parents, and so on;
• form a student committee and assign duties of each member;
• create small groups in the classroom to hold discussions, make summaries or

artwork from the visit;
• arrange meetings to share their experiences in other classes, management, par-

ents, or the local community.

Thinking activities using visual-spatial intelligence learning require teachers to
stimulate students to think through learning by observing and conducting surveys.
For example, identifying surfaces, objects, shapes, colors, etc. in detail, seeing an
object effectively through space such as seeing a road in the woods, seeing a car
through traffic or seeing a kayak in a river, imagining something, thinking through
pictures, describing something in-detail, using visual images to convey information,
produce graphs, charts, and maps, learn with graphics, and present something
visually. Teachers also encourage students to draw, color, look at something in the
3D form, look at something in a different direction or dimension than usual, pro-
duce a concrete creation in visual form to convey information, or produce a
space-based media. Thinking through music is also one of the learning methods that
can stimulate students to learn and remember [13]. Teachers are advised to stim-
ulate students to think through musical intelligence by holding activities such as
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• listening and responding to sounds including the human voice, sounds from the
environment, music, and categorizing music according to the meaning of a
particular pattern,

• learning sessions outside the classroom which allows students to hear sur-
rounding sounds, live sound, and music; and

• learning activities involving dance, matching emotions with the tempo of the
music, discussing music, analyzing and evaluating music, and discussing the
differences, styles, types, and cultures of music.

Interpersonal intelligence is thinking about others. For learning activities in the
classroom, teachers can

• involve students in an effective study group;
• practice values and rules;
• involve students with meetings to get the consensus of peers;
• create collaborative learning such as jigsaw activities;
• expose students to the skills of communicating with others and managing

conflicts;
• familiarize students to manage conflicts between them by way of problem-

solving wisely; and
• give merit to students who contribute their services to the school.

Thinking using intrapersonal intelligence requires students to know themselves.
Among the learning activities suitable for this purpose to be fulfilled are activities that
involve students identifying their feelings, for example, self-reflection and thinking
about their future, the direction of their life, and the future they dream of. Emotional
thinking skills can also be carried out by reflecting students’ feelings through art
activities such as visual arts, music, role-play, creative writing, etc. In addition,
students can also be further exposed to thinking learning activities through naturalist
intelligence. To promote students think through this type of intelligence, teachers can

• organize poetry writing activities based on students’ ideas about the environment
and ask students to explain the meaning of the poems to the audience;

• ask students to write or draw a climate that can change their lives through the
experience;

• organize discussions by addressing current problems or issues in newspapers
related to the environment; and

• hold discussion sessions related to environmental values that can be imple-
mented with peers.

5.2 Thinking Using Case-Based Learning Activity

Case-based learning can stimulate thinking skills among students. Case-based
learning activities have been introduced in medical, nursing, and business for a long
time and are increasingly popular in the education field. The practice of case-based
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activities engages students in discussing specific scenarios that are similar or
sometimes a real-life experience. This method is student-centered, with close
interaction between peers as they build their knowledge and work together to
analyze and evaluate the case. The role of the teacher is as a facilitator while
students collaboratively analyze, investigate, evaluate, and solve problems and
questions that have more than one correct answer.

Case-based learning as a learning activity not only generates students’ thinking
skills but also provides relevant opportunities for students to apply theory in
real-life situations [17]. These real-life situations expose students to various sources
of different perspectives, providing them with the opportunity to witness how
decisions can have a positive or negative effect on problem-solving made based on
analyzed cases. Using case-based learning, students become more involved in the
learning process and more interested in participating in the classroom [18]. This is
because thinking uses cases to provide learning opportunities for students to find
answers and achieve results through discussion. Students also need to establish real
data, think analytically, articulate problems, reflect on the experiences, and make
inferences. This process enables students to acquire knowledge, develop analytical
thinking, form collaborations, and enhance communication skills. Many educators
use cases in their classroom instructions to teach content, associate students with
raw and authentic data or provide opportunities for students to position themselves
in the decision-making process [18].

5.3 Thinking Using a Thinking Map [19]

Mind maps are also considered advance organizers or graphic organizers [19].
Advance organizers are similar to thinking maps, concept maps, and mind maps. A
learning process that focuses on high-level thinking skills with a mind map can help
students become competitive globally. In addition, the use of eight mind maps can
generate high-level thinking skills and attract students to continue learning inde-
pendently. According to [20], teaching models fall into four:

i. information processing family;
ii. social family;
iii. personal family; and
iv. behavioral systems family.

This chapter emphasizes two models: information processing family and be-
havioral systems family. The information processing family emphasizes how to
process data and solve problems. This model also helps students how to build
knowledge. The focus of this model is on intellectual ability, where this model can
help students handle information whether the information is obtained through the
students’ own experience or the help of learning tools. Among the teaching models
in this information processing family are “inductive thinking, concept attainment,
scientific inquiry” and the backbone of this is the Advance organizer model
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developed by [21]. An advance organizer is specially designed to enhance the
ability to absorb information and organize learning information obtained through
reading or lectures. Thinking maps are one of the graphic organizers introduced by
[19] to encourage thinking activities, namely i-Think maps. This i-think map comes
from a mind map founded by [19]. There are numerous types of i-think maps
developed by Hyerle:

i. circle map, it will encourage students to define according to context;
ii. bubble map, it allows students to explain quality;
iii. double bubble map, it helps students to compare and contrast information;
iv. tree map, it allows students to classify;
v. brace map, it trains students to see part to the whole relationship;
vi. flow map, it trains students to see sequence;
vii. multiple flow map, it allows students to see cause and effect; and
viii. bridge map, this map allows students to make an analogy.

Using these eight thinking maps helps students absorb the information and
translate it into a map. This study’s findings [22] have proven that implementing
eight thinking maps in secondary school in electronic lessons has helped increase
students' ability to answer high-level questions for the subject.

6 Case Study 1: Educate Fun Learning Approach: The
Development of Interactive Application Cerdik BM
Series 1 Towards Empowering Remedial Class Students
in Malay Language Subject

This study applied 4D development methods involving (Define, Design, Develop
and Disseminate) and interactive pedagogical tools built using adobe flash CS6
software. Data collection techniques involved questionnaires, application evalua-
tion rubrics, and semi-structured interviews. The evaluation samples of Cerdik BM
Series 1 were distributed to eight UUM academicians, a senior FasiLINUS (Malay
Language) & Remedial Class, two LINUS teachers, and two groups of LINUS
primary students, each from urban and rural areas. Cerdik BM was built for children
who have not passed the reading skills screening. The uniqueness of this peda-
gogical tool construction is that it was built based on multiple intelligences theory.
Eight types of intelligence were placed in this interactive application to offer a
learning environment based on students' multiple intelligences.

The purposive sampling design was selected results would directly address the
aims and objectives of the study. A total of eight academic staff was appointed as
evaluators consisting of lecturers from public universities. They were academicians
with expertise in the field of the Malay Language, evaluation and measurement in
education, curriculum and teaching, education management, moral and values edu-
cation, and mathematics. The evaluators have more than ten years of teaching and
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research experience. The evaluation process took place simultaneously for about five
hours. The evaluators tried the Cerdik BM Series 1 interactive application during the
evaluation process.Meanwhile, the sample of 30 students consisted of primary level 1
students, aged 7–9 years. In the meantime, six special education teachers with more
than seven years of teaching experience were also involved in this study.

The results of the expert evaluation found that the agreement value of all experts
for information design, interaction design, presentation design, and Cerdik BMSeries
1 curriculum was high. The reliability of Cerdik BM was also excellent, which was
between 0.87 and 0.97. Meanwhile, based on the rubric assessment scored by stu-
dents, showedmore than 60% (n = 18) of the total students (n = 30) gave an excellent
score, 37% (n = 11) gave a good score. The remaining 3% (n = 1) gave an average
score to interactive application Cerdik BM Series1. Quantitative and qualitative data
showed that Cerdik BM Series 1 met the evaluation criteria. Interview data found that
teachers and students liked this application because it was an interactive learning
material that combines fivemultimedia elements and eight multiple intelligences. The
evaluators agreed that Cerdik BM Series 1 is one of the many pedagogical tools that
can help LINUS students effectively use their writing and reading skills.

Overall, the study findings showed almost perfect agreement between aca-
demicians on information design, interaction design, presentation design, and
Cerdik BM Series 1 curriculum. For information design, there was high agreement
among experts on the application’s content, language use, thinking skills aspects,
students’ experience and knowledge, and the interactive entertainment concept. All
these elements were important to nurture perfect learning motivation in students.
This was also agreed by [23], who argued that teaching tools used in classroom
instructions would enhance students' learning and increase self-learning awareness
and function to provide knowledge to them.

While the second criterion, which is the interaction design, there was an
agreement between all evaluators on the following items: not straying from
objectives, contained instructions, clear navigation representation, easy to reach the
desired part, independent control of the presentation sequence, could give the
correct response, easy to handle, representations like icon buttons were easily
identifiable in function, and the navigation system was consistent. This is in line
with [24], who stated good interaction design makes interactive learning content
able to achieve learning outcomes well. The application was said to have a positive
impact on learning. This illustrated that Cerdik BM Series 1 has elements that make
it easy for users to use it as a pedagogical tool in the classroom.

Furthermore, for the design of the presentation, there was a high level of con-
sensus between the evaluators in the aspects such as graphics and texts. This finding
concurs with the statement [23], which says that multimedia tools can easily attract
students’ attention compared to conservative methods. Students are motivated to get
more information when attracted to multimedia tools especially interactive learning
applications [23, 25, 26]. Students' involvement in learning will increase [23].

Therefore, multimedia technology can create several initiatives, including pro-
viding retention for students to continue learning based on the learning environment
of students’ eight multiple intelligences. Furthermore, according to [27],
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multimedia such as animation (e.g., object movement will stimulate students'
kinesthetic intelligence) can improve student performance, increase the fun in
learning and maintain focus in the long run. This statement is also agreed by [28],
who stated that multimedia helps intensify students’ sensory stimulation through
sounds, images, and texts; animations make instruction effective; the use of 3D
graphics can clearly increase interest and attention and student learning
competence.

Meanwhile, for the last criterion, the Cerdik BM Series 1 curriculum also has a
high value of agreement between expert evaluators. Among the items evaluated for
these criteria were: learning outcomes (can be made, seen, measured, and assessed),
learning input according to the syllabus, activities in line with learning outcomes,
and assessments that measure lesson content and learning outcomes. The con-
structive alignment model integrated into the Cerdik BM Series 1 curriculum en-
couraged student-centered learning. Student-centered teaching can encourage
students to use self-assessment, which can avoid grade-focused learning and
assessments done by teachers only [23].

All evaluator experts confirmed, “Cerdik BM contained various theoretical
elements of intelligence.” It is consistent with the results of the assessment rubric
application by teachers. Students expressed “Cerdik BM Series 1 motivated them”
and engaged them in learning [29]. They also agreed that multimedia with the
integration of various intelligences could stimulate, encourage and help students
gain knowledge self-reliantly. This finding is similar to what [30] found in a
multidisciplinary intelligence project in Irish that students feel valued when teachers
apply multiple intelligences in the classroom. This is because [30], again, cele-
brating all multiple intelligences makes students feel significant, and they are
allowed to show their talents and abilities.

Technology integration should have user-friendly elements to make it easier for
students to use an application. In fact, these criteria were also considered when
researchers built the “interactive applications for learning purposes.” Based on the
assessment rubric by teachers and students, they confirmed “Cerdik BM Series 1
was very easy to use,” each instruction was given in a clear, concise, and
easy-to-follow voice. It was found that an “interactive application technology” can
create a stimulating learning environment because it is easy to use and attract
students. It is in line with [31] the belief that good lessons are not only related to the
level of knowledge of teachers but also related to the design, steps, and links used
during the teaching process in the classroom. Therefore, multimedia can enrich the
teaching content in the classroom and create a user-friendly element when all
multimedia elements are presented to suit various students' backgrounds.

In a study conducted by [32], multimedia technology could help students learn
thinking skills of higher-order. This statement aligns with the findings of interviews
with experts who stated that Cerdik BM Series 1 could promote learning and
thinking in LINUS students. Interactive assessment entertained students when
student achievement scores could be viewed automatically on the Cerdik BM Series
1 application interface. The process of learning activities that allowed students to
“try and try” was used by researchers to stimulate students' motivation and thinking
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skills. Cerdik BM Series 1 was intended to boost LINUS students' learning, helping
them achieve a high sense of self-confidence. Digital learning is very fun and
popular among primary school students. Students are more focused on learning and
even more active and confident when teachers use computers as teaching aids. This
aligns with [23] findings that interactive multimedia can promote critical thinking
skills and problem-solving skills during learning among students. In fact, through
attractive digital images, students will be more attracted and make them more
focused in the classroom. In addition, the use of computer-assisted materials will
make it easier for teachers to design more enjoyable teaching sessions. Cerdik BM
Series 1 has succeeded in creating an atmosphere of entertaining learners through
games-based activities and assessments according to multiple intelligences theory.

7 Case Study 2: Science Smart i-Think: Construction
of Interactive Pedagogical Tools to Improve HOTS
in Primary Level Learning and Teaching Science

This study [33] implemented a quasi-experimental study design using pre-test and
post-test to treatment group and control group. In addition, the ADDIE model was
used in the application development process where mind maps served as peda-
gogical tools in the learning of science subjects in primary schools. The Science
Smart i-Think interactive application was built with eight i-THINK-based learning
activity structures: “circle map, bubble map, double bubble map, tree map, brace
map, flow map, multiple flow map, and bridge map.” The learning activities
required primary school students to understand the scientific facts for the earth, the
moon, and the sun and translate their understanding into a thinking map. Study data
collection techniques involved pre- and post-tests, expert evaluation questionnaires,
activity implementation checklists, student application evaluation questionnaires,
and interview protocols.

The study sample was identified according to the class set by the school and was
divided into the control group and the treatment group. This method of selection is
suggested by [34]. Both the control and treatment groups were given pre-test and
post-test in the first week, pre-tests were given to the control and treatment groups.
The pre-test consisted of 30 multiple choice questions of 30 marks and two
questions in the form of a restricted essay of 10 marks for the topic of the moon,
earth, and sun. After the lesson, a post-test was given to both groups. The period
between pre-test and post-test was four weeks.

According to [35], the effect can be interpreted as significant when there is a
reasonable time interval between pre-test and post-test assessment, e.g., a month,
six months, or a year. The treatment group underwent teaching and learning ac-
tivities using the Science Smart i-Think interactive application in the fifth week.
Learning activities were carried out individually with the help of computers using
multimedia elements through learning activities based on thinking maps. The
program was conducted during science teaching and learning hours. Learning using
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the Science Smart i-Think interactive application provided students with
self-directed learning skills using multimedia applications to improve HOTS
through eight mind maps. The control group followed the conventional learning
where students were taught the same topic using the i-Think map Science Module
without the computer application.

The rationales for having six hours of learning include:

• in line with the period provided in the Science Curriculum and Assessment
Standard Document year five (2014) [36]; and

• to avoid bias between the control and treatment groups, a post-test was given
after one week of treatment to both the control and the treatment groups.

The study found that the post-test mean scores of the treatment group differed
compared to the control group. Meanwhile score from the pre-test was higher than
the post-test. Academics and primary school science teachers gave a good assess-
ment for the features found in this application (for example, it has interesting
animations and graphics, user-friendly) which made the learning and teaching
process interesting and effective. Student interviews showed that learning using
Science Smart i-Think interactive application had helped students better understand
the earth, moon, and sun, which indirectly attracted students to science and tech-
nology. The teacher’s comments and observations also showed that the imple-
mentation of learning through applications has a positive effect because it has
motivated students towards mastery learning.

From the aspect of science teacher evaluation of the Science Smart i-Think
interactive application, this application has stimulated students’ HOTS by inte-
grating eight mind maps. Apart from that, this application has also attracted stu-
dents to learn science and cultivate students’ self-learning. This application has also
motivated students through mastery learning. Meanwhile, from the aspect of
evaluation, academic experts found that this application was also able to stimulate
students’ HOTS through fun activities combined with eight mind maps. According
to academics, this application also contained graphics and animations that attracted
students' attention and made students comfortably understand the concept of sci-
ence. In addition, this application was user-friendly and interactive; therefore, it
could attract students to science and technology.

The analysis of the science achievement profile found that most students were at
a high level in the post-test. This showed that students who learned using the
Science Smart i-Think interactive application were better because they scored
higher marks than learning using the i-Think science module. The teaching ob-
servation checklist analysis results found that the learning and facilitation were
student-centered. Communication took place between students and students and
teachers and students. It was a feature of 21st-century learning that aimed to be
applied in students.

The interviews with science teachers found that the implementation strategy of
science learning activities that took into account the eight mind maps used in this
application effectively helped students comprehend and remember the lesson
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content. This strategy also effectively stimulated students’ HOTS because all the
activities in this application started from the easy level to the higher level. The
interviews with students found that this application has helped students understand
the earth, moon, and sun quickly and easily. Apart from that, this application has
also helped students apply eight i-Think maps in other subjects. In conclusion, this
interactive application has a significant effect on classroom instructions. It enhances
HOTS, fosters self-learning, and improves 21st-century skills and competencies.

8 Conclusion

There are several ways to stimulate thinking skills among students. Among those
discussed in this chapter are multiple intelligences learning activities, case-based
learning, and thinking maps. Learning through Multiple Intelligences offers learning
that considers student diversity and stimulates students to think through eight different
ways. For example, it is concluded that for verbal-linguistic intelligence, students
convey their thoughts easily through words; students with logical-mathematical
intelligence prefer to use reasoning; the bodily-kinesthetic intelligence students are
more sensitive to the sensations registered through parts of their body; students with
musical intelligence are apt in rhythms and melodies; the interpersonal intelligence
students prefer to connect with other people while the intrapersonal intelligence
students based their thinking on their own needs, feelings, and goals Naturalist
intelligence students are more connected with nature and natural things. Learning
using cases has urged students to make case-based investigations, examine the facts
contained in the case and apply the body of knowledge learned to think and solve
problems presented through case-based learning. Furthermore, thinking maps are
learning tools to cultivate and attune thinking skills among students. As mentioned in
[19], mind maps are,

i. reflective, so they promote thinking through visual patterns;
ii. consistent with cognitive skills;
iii. integrative, so they involve the process of thinking and development of content

knowledge;
iv. flexible, so they are easy to use; and
v. developable

The writing of this book proves that thinking skills are not static but can be
stimulated, nurtured, and enhanced through proper learning activities and thinking
tools. Therefore, it is the role of teachers to provide meaningful learning activities to
students to ensure the formation of human capital that can use thinking skills and
problem-solving strategies in the context of real life.
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Core Messages

• Thinking skills in education can be cultivated through multiple intelli-
gences, case-based learning, and thinking maps.

• Teachers need to provide meaningful learning activities and experiences to
enhance students’ thinking.

• Problem-solving activity is one of the ways to make students think
critically.

• Thinking skills involve imagination and the ability to deliver new and
unique ideas.
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21Concept Mapping: A Tool
for Adolescent Science Teachers
to Improve Learning Activity Design

Gerald P. Ardito

The empirical basis of objective science has thus nothing
‘absolute’ about it. Science does not rest upon solid bedrock.
The bold structure of its theories rises, as it were, above a
swamp. It is like a building erected on piles. The piles are driven
down from above into the swamp, but not down to any natural or
‘given’ base; and if we stop driving the piles deeper, it is not
because we have reached firm ground. We simply stop when we
are satisfied that the piles are firm enough to carry the structure,
at least for the time being.

Karl R. Popper

Summary

Recent reforms to curriculum standards for the teaching and learning of science
have increased the expectations of science teachers to address more depth and
complexity required at all grade levels. This case study investigated concept
mapping to support the development of this increased complexity and depth.
Twelve adolescent life science in-service teacher candidates in an urban alternative
certification program were asked to participate in two rounds of concept mapping
along with learning activity development. Analysis of the two rounds of concept
maps and learning activities demonstrated increased complexity in these teacher
candidates’ understanding of science concepts along with an increase in their
ability to design learning activities addressing higher-order thinking skills in
Bloom’s taxonomy. Future research and implications for practice are discussed.
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Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Teaching science to adolescent students requires being able to walk a tightrope
between layers of abstractions. In order to introduce novice students and/or younger
adolescent students to core science concepts, the level of abstraction must be low
enough to allow entry to the topic by all students but also fluid enough to provide
opportunities for deeper and more precise levels of understanding.

2 Increasing Expectations for Complexity, Depth,
and Rigor in Science Teaching and Learning

In recent years in the United States, calls for standards reform, such as those that
resulted in the Next Generation Science Standards (NGSS), have left teachers with
more and more abstract science content to deal with while simultaneously requiring
higher levels of abstraction, independent of prior knowledge or experience on the
part of students [1]. Figure 1 depicts a sample of the NGSS standards for middle
school life science.

This sample section demonstrates that the levels of complexity and abstraction in
science education have been increased through the inclusion of science and engi-
neering practices (key practices that describe how scientists investigate phenomena
and how engineers design solutions to problems) and crosscutting concepts (key
ideas that cross different science content areas, such as to cause and effect)
alongside the disciplinary core ideas. It is worth noting that these disciplinary core
ideas constituted a vast majority of the content in most previous science curriculum
standards documents.

This situation has left some teachers and teacher educators, particularly those
working in urban areas with highly diverse student populations, with a serious
dilemma. Too often, rigor in the adolescent science classroom has been associated
with larger amounts of concepts and increasing levels of abstraction. New tools are
required in science education and science teacher preparation to support new and
in-service teachers to work their way through this dilemma/opportunity and to
address the enhanced expectations in the teaching and learning of science.
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3 Concept Mapping and the Teaching and Learning
of Science

Concept mapping has proven to be a useful tool in developing student under-
standing of complex science concepts and supporting the student in navigating
increasing levels of precision and abstraction. Novak defined concept maps as:

graphical tools for organizing and representing knowledge. They include concepts indicated
by a connecting line linking two concepts. [2, p. 1].

He established concept mapping as a productive analog to the ways that young
children learned science [3].

This work has been extended to include other fields of science, including biology
[4]. These benefits include deeper learning of science as well as more effective
retention of science concepts [5]. Additionally, students’ critical thinking skills
have been enhanced through concept mapping [6]. Others have suggested that the
documented benefits to increased learning are reflected of concept mapping serving
as cognitive support for rehearsal of new and prior knowledge:

The process of construction should be a continuous questioning between the student and the
educator, a higher-order thinking skill [7]

Fig. 1 Sample section from the NGSS middle school life science curriculum
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Some research has investigated the potential benefits of concept mapping in the
development of nurses and accountants [8, 9]. However, this tool has been only
infrequently used in the development of teachers [10, 11]. Hence, this case study
was designed to investigate the following research questions:

1. How can concept mapping be used in training new adolescent science teachers
in an urban setting?

2. How does concept mapping improve the development of curricular materials by
new teachers and teacher candidates?

4 Methods

We followed a case study methodology [12]. Twelve in-service life science teacher
candidates in an alternative teaching certification program in an urban setting
participated in a science methods course. The focus of this graduate class was to
have these in-service teaching candidates develop proficiency in the pedagogical
methods and strategies effective in teaching science to adolescent students. The unit
described in this chapter occurred near the beginning of the semester and was
designed to provide a framework and context for all the work that followed.

During this initial unit, these life science in-service teachers were asked to do the
following:

i. identify a topic of study within their specific grade level and content area;
ii. develop a concept map for this topic of study and learning activity for their

students appropriate to this topic of study (round 1);
iii. read some research on concept mapping in science education; and
iv. revise their concept maps and learning activities (round 2)

At the end of the two rounds of concept mapping and curriculum development,
these artifacts were analyzed for complexity, depth, and rigor. We will discuss the
findings of this analysis in the next section.

5 Findings

This case study investigated the use of concept mapping by in-service teacher
candidates and its effect on the types of learning activities developed by them. It
was designed as a pilot study into the efficacy of concept mapping as a training tool
for novice educators, especially these alternative certification in-service life science
teacher candidates. This section discusses the findings of this investigation.
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5.1 Concept Map Organization and Complexity

These in-service teacher candidates identified a topic to teach within their adoles-
cent biology certification area and developed two rounds of both concept mapping
and curricular development. Figure 2 depicts both rounds of concept mapping by
one teacher candidate in this study, whom we will call Janet (pseudonyms used
throughout). Janet’s concept maps depict the evolution of her conception of a unit
called “renewable energy.”

Concept maps are defined as having concepts/key ideas (e.g., deforestation)
connected by linking phrases (e.g., is part of the question) [13]. The complexity of
concept maps can be determined by examining their:

• organization, the structure by which the concepts in the map are depicted; and
• complexity, the number of concepts and linking phrases depicted in the map

[13, 14].

Through this side-by-side comparison of this renewable energy concept map, we
can see that Janet’s map for this unit has increased in both organization and
complexity.

We performed a similar analysis on the full set of 12 life science concepts maps
to observe and identify trends between the two rounds of concept mapping these
in-service teacher candidates performed.

This analysis showed that 2 of the 12 (17%) concept maps reflected an increase
in organization between rounds 1 and 2 and that another 6 (50%) concept maps
reflected an increase in complexity between rounds 1 and 2. Overall, 8 of the 12
concept maps (75%) reflected an increase in either organization or complexity
between rounds 1 and 2.

Fig. 2 Rounds 1 and 2 of one concept map for renewable energy
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5.2 Textual Analysis of Linking Phrases

The changes between the two rounds of concept mapping were also examined
through textual analysis using Voyant-Tools software [15]. For this analysis, the
linking phrases for each round of concept mapping formed a corpus. This corpi
were then analyzed in Voyant-Tools to determine two characteristics of this writing:
word counts and unique work usage. Table 1 depicts this analysis.

This analysis demonstrates a 19% increase in both word counts (295–351) and a
59% increase in the usage of unique words (61–97). Additionally, the percentage of
unique words within all linking phrases increased by more than 7%. These mea-
sures strongly suggest an increased complexity across the two rounds of concept
mapping.

Next, Voyant Tools was used to visualize collocations of words within the
linking phrases used in each round of concept mapping. Collocations depict the
linkages between groups of words in a text. Figure 3 depicts this analysis and
presents the collocations from rounds 1 and 2 side by side.

In round 1, we can see that “leads” connects to (meaning, has been used in
connection with) the terms “lead,” “invent,” “results,” “example,” “change,” and
“causes.” Additionally, the thickness of the connecting line indicates the number of
connections between those terms in the various documents involved in this corpus.
A thicker line indicates more connections.

Table 1 Characteristics of linking phrases used in both rounds of concept mapping

Round 1 Round 2 Difference %difference (%)

#words 295 351 56 19.0

#unique words 61 97 36 59.0

%unique words (%) 20.7 27.6

Fig. 3 Visualizations of word collocations from concept map linking phrases
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We can see that the network of terms created from the sets of linking phrases
from the second round of concept mapping is both larger and more interconnected.
The variety of terms used in round 2 is much larger than in round 1, which is also
indicated by the corps characteristics depicted in Table 1. Additionally, the
increased number of connections in round 2 reflects the increased complexity in the
second round of concept mapping and shows the trend observed in Fig. 2.

5.3 Learning Activity Development and Bloom’s Taxonomy

As a part of this concept mapping experience, these 12 life science in-service
teacher candidates also prepared two rounds of a learning activity that would be
connected to the concept maps they developed. For each round of the concept
mapping, these participants first created and then revised a correlated learning
activity. An example of such a set of learning activities is depicted in Fig. 4.

Fig. 4 The evolution of learning activity from the two rounds of concept mapping
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This example clearly shows the participant’s changes in the learning activity in
response to the further development of their concept map. This teacher/teacher
candidate added some independent work that he felt would help the students expand
their thinking on renewable energy.

To identify trends in the evolution of this work, the learning activities were
analyzed using Bloom’s revised taxonomy. Formulation allows researchers and
educators to classify cognitive work performed by students [16]. In this revised
version of Bloom’s taxonomy, there are six categories of cognitive work, such as
remembering or evaluating. Each component of Bloom’s revised taxonomy was
converted into a code for this analysis. This codebook is depicted in Table 2.

Each learning activity was evaluated for the presence or absence of each of
Bloom’s revised taxonomy components. Once the coding was complete, the
learning activities were investigated to reveal any possible trends that arose. The
results of this coding are presented in Table 3.

One essential trend arises from this analysis: at the beginning of the concept
mapping/curricular design process, most of the learning activities addressed
Bloom’s lower-order thinking skills, namely: understand, remember, and apply
(80% vs. 20%). Then, after the second iteration of the concept mapping/curricular
design process, a majority of the learning activities indicated the presence of

Table 2 Codebook developed from Bloom’s revised taxonomy

Blooms
components

Definition* Thinking
skill type

Remember Retrieving relevant information from long term memory Lower order

Understand Determining the meaning of instructional messages Lower order

Apply Carrying out or using a procedure in a given situation Lower order

Analyze Breaking material into its constituent parts and detecting how
these parts relate to one another

Higher order

Evaluate Making judgments based on criteria and standards Higher order

Create Putting elements together to form a novel, coherent whole Higher order
*from Krathwohl [16], p. 215

Table 3 Summary of the
results coding two rounds of
learning activity development

Round 1 Round 2

Blooms
skill

# % LO/HO
(%)

# % LO/HO
(%)

Understand 11 55 80 3 21 21

Remember 3 50 0 0

Apply 2 10 0 0

Evaluate 2 10 20 5 36 79

Create 2 10 1 7

Analyze 0 0 5 36

20 14
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Bloom’s higher-order thinking skills, namely: evaluate, create, and analyze (79%
vs. 21%). These results are visualized in the chart depicted in Fig. 5.

While there are some indications of evaluating and creating, the section of the
diagram corresponding to round 1 depicts a concentration of understanding and
remembering, two of the lower order thinking skills. In contrast, the portion of the
diagram depicting round 2 is bimodal, with concentrations in both evaluation and
analysis. If we think of this visualization as a clock, round 1 correlates with noon
through 6 pm, and round 2 correlates with 6 pm to midnight.

5.4 Networks for Codes

We also analyzed the coding of the two rounds of learning activities developed by
these in-service teacher candidates using Epistemic Network Analysis (ENA). ENA
is a quantitative analysis method that allows the research to investigate relationships
between codes in rich, qualitative ethnographic data [17, 18]. This tool allowed us
to investigate these coding differences and trends differently and more granularly.
The results of these analyses are depicted in three visualizations. Figure 6 depicts
the coding networks revealed via the ENA Webkit in the first round of learning
activities [19].

This visualization depicts strong connections between the codes LO-R (re-
member), and LO-A (apply), and LO-U (understand). The thickness of the line
between these sets of codes represents the strength of the connection. Additionally,

Fig. 5 Visualization of learning activities coded for Bloom’s skills
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we can see another connection between LO-R (understand) and HO-C (create).
This connection is depicted with a thin line, indicating a much weaker connection
than the LO codes.

The second ENA visualization, Fig. 7, depicts the coding networks revealed via
the ENA Webkit in the second round of learning activities.

This visualization also depicts strong connections, but in this case, these are, for
the most part, between higher-order (HO codes). We can see that the codes HO-E
(evaluate)/HO-A (analyze) are connected with both HO-C (create) and LO-U
(understand).

Finally, the third ENA visualization, Fig. 8, depicts the coding networks
revealed via the ENA Webkit across both rounds of learning activities.

Reading this last visualization of networks of Bloom’s taxonomy codes dis-
covered in both rounds of learning activities from right to left depicts the evolution
of a network of mostly LO codes (in red) to a network of mostly HO codes (in
blue), hence depicting the evolution of the learning activities across the two rounds.
Given the small n in this case study, it is impossible to determine these differences’
statistical significance.

Fig. 6 Network of codes revealed in the first round of learning activities
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Fig. 7 Network of codes revealed in the second round of learning activities

Fig. 8 Network of codes revealed in both rounds of learning activities

390 G. P. Ardito



6 Discussion

This case study sought to explore concept mapping as a tool to develop new
adolescent life science pre-service teacher candidates in the important teacher ed-
ucation area of planning. The participants identified a topic within their life science
grade-level standards as part of this work. They did two rounds of concept mapping
and learning activity design focusing on that topic. The previous section discussed
the findings of this work. This section will discuss these findings to determine
trends and patterns.

6.1 Concept Map Evolution

The concept maps developed by these 12 teacher candidates evolved towards in-
creased complexity between rounds 1 and 2. Eight out of twelve of these concepts’
maps (75%) increased in either structure or organization (see Fig. 2). A textual
analysis of the linking phrases used in the round 2 concept maps utilized a 59%
increase in unique phrases over those in round 1, another measure of concept map
evolution (see Table 1). Lastly, textual analyses of these concept map linking
phrases demonstrated more elaborate networks of word collocations in round 2 (see
Fig. 3). Taken together, these observations indicate an increase in complexity
across the two rounds of concept mapping.

6.2 Learning Activities and Bloom’s Revised Taxonomy

According to Bloom’s revised taxonomy, the learning activities developed by these
12 teacher candidates evolved towards addressing more higher-order thinking skills
across rounds 1 and 2. Both rounds of each learning activity were coded using
Bloom’s Revised Taxonomy. The data presented in Table 3 and Fig. 4 indicate that
the first round learning activities were primarily associated with Bloom’s
lower-order thinking skills–understand, remember, and apply (80% in total), and
that the second round of learning activities was primarily associated with Bloom’s
higher-order thinking activitiesevaluate, create, and analyze (79%).

Additionally, Epistemic Network Analysis (ENA) was used to investigate and
explore the relationships between these codes (see Fig. 8). These analyses validate
this evolution of the learning activities from lower-order to higher-order thinking
skills.

6.3 Co-evolution of Concept Maps and Learning Activities

The primary trend observed from these various analyses of the two rounds of
concept mapping and development of learning activities suggests that these two
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artifacts are co-evolving. As the concept maps became more complex, the associ-
ated learning activities addressed higher-order thinking skills.

6.4 Implications and Suggestions for Further Research

It is not possible to assign a causal relationship to this co-evolution. However, the
pattern is clear and occurs consistently across the cohort of these 12 teachers.
Further research would need to be conducted to explore this pattern in greater detail
and depth with a larger cohort of teachers. It is entirely possible, for example, that
while the concept mapping might have helped have teachers clarify their under-
standing of the relationships between key concepts comprising the topic chosen for
the learning activity, it is also possible that the process of developing the learning
activities over multiple iterations itself may be sufficient for this type of
development.

Independent of this study’s limitations, we believe it would be fruitful to con-
tinue exploring concept mapping as a tool for planning and teacher professional
development. Additional work on this is currently underway.

7 Conclusion

This chapter described a case study where novice in-service adolescent teachers
were trained to use concept mapping as a curricular planning tool and strategy.
These novice teachers were asked to create a concept map for a part of a unit of
study along with a learning activity for their students. Then, they were exposed to
research documenting the benefits of concept mapping in science learning by
adolescent students. Finally, they were then asked to repeat the concept map and
learning activity design process. The findings of this case study suggest that this
intervention was effective for these new teachers. The second round of concept
mapping demonstrated increased complexity in structure and organization. The
second round of learning activity development displayed activities that addressed
Bloom’s higher-order thinking skills. This work seems promising to support new
teachers, and additional research is currently underway.

Core Messages

• New science curriculum standards require increased levels of depth and
rigor in the teaching and learning of science.

• New science teachers must be developed to allow them to meet this need
for depth and rigor in their teaching.

• This case study explored the use of concept mapping to develop this depth
and rigor in science in new in-service teachers.
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• These novice teachers designed learning activities to address the
higher-order thinking skills in Bloom’s revised taxonomy.

• Future work should expand and deepen these findings.
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22Measuring, Assessing and Evaluating
Thinking Skills in Educational Settings:
A Necessity for Twenty-First Century

Yalçın Dilekli and Erdoğan Tezci

Education is not learning of facts, but training of mind to think.

Albert Einstein

Summary

The twenty-first century is very different from other centuries as mobilization of
the people is very rapid, and the spread of knowledge has reached unbelievable
levels, which has caused rapid changes in all disciplines. Under these circum-
stances, the traditional educational philosophy cannot meet the needs of the
twenty-first century. The modern approach advocates that education should aim to
raise thinking generations. A thinking generation means that individuals should be
competent in terms of analytical, critical, and creative thinking, decision-making,
and problem-solving. The transition from the traditional educational approach to
the modern one has resulted in some problems called barriers in teaching thinking
skills. These barriers can be summed up as attitudes of schools’ administrators,
teachers, and parents. The major reason for this attitude is the difficulty of
measuring and assessing these skills. The skills cannot be measured and assessed
by traditional ways that measure remembering and memorizing. However,
21st-century skills are higher-order analysis, evaluation, and creation. These skills
are measured and assessed using multiple-choice and open-ended questions and
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performance-based works. Furthermore, the evaluation process is not from a single
perspective; instead, it is from multiple perspectives as self-evaluation, peer
evaluation, and teacher evaluation. This chapter focuses on how teachers can
measure and evaluate students’ thinking skills by focusing on concrete examples.
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Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

According to Onosko [1], the main barriers in teaching thinking skills are that

• societies undermine these skills;
• school administrations and teachers undervalue them;
• business sectors expect other qualities from their employees other than such

skills; and
• it is burdensome and problematic to assess and evaluate students’ mastery of

these skills.

In the last 30 years or so, the literature on thinking skills has indicated that
societies, schools, and business sectors need to put a great emphasis on these skills
more than ever [2–4]. However, the most significant problem in teaching thinking
skills remains the issue of measuring, assessing, and evaluating students' thinking
skills. Additionally, the issue of teaching thinking skills requires a practical
approach rather than a theoretical dwelling. Therefore, the main purpose of this
chapter is to discuss measuring, assessing, and evaluating thinking skills by
examining concrete examples from real educational settings.

2 Thinking Skills

21st-century Skills are like a motto in the educational era. Many countries have
made reforms in their curriculums to teach these skills [5]. What makes this century
different from other ages are developments in sciences and the changes in people’s
needs. When job posts are analyzed, the terms creative, collaborative working,
critical thinking, and problem-solving skills have been aroused 70 times in the last
20 years [6]. The main reason for this increase in these terms is the rapid change in
the labor market demands. New working life is “technology-rich, problems are
frequently ill-defined and people work in teams, often multidisciplinary teams,” [7]
to solve these problems. The number of problems is constantly increasing in the
production processes because of the new methods which enable producers to
produce cheaper and faster. These new demands have resulted in changes in the
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philosophy of education because the traditional educational philosophy cannot
assist educators in raising people with high-order thinking skills. Traditional
approaches give importance to remembering or memorizing all the knowledge
given by the school, and the students were supposed to answer the questions by
memorizing. However, the world is so complicated that its problems are constantly
changing. For example, think of two factories producing glasses. Both of them sell
two hundred glasses per week and get similar profits. People do not buy new
glasses unless their glasses break down. However, one day, one of the factories
hired an artist to draw figures on the glasses, which increased their monthly sales.
Then, this factory’s profit and production rate dramatically increased since people
liked these ornamented glasses and bought them. The owner of the factory now
employs more artists for drawing. At this time, production costs of the factory also
increase. For solving this problem, the factory uses machines. The artist has to
know or learn computer-based programs for designing new models suitable for
machine production. Here in the scenario, lifelong learning comes into the picture.
Meanwhile, new kinds of paints are needed to use in these machines. The factory
owner has to hire a chemist and an engineer for other systems in the factory.
Totally, a team of workers comes together for cheaper production. All of them
should be able to work collaboratively to solve problems during the production of
the creative items. New rival factories are also established during this time, and
consumers have to decide which one to buy. When consumers try to collect data for
making decisions, they face a huge amount of input, making it difficult to make the
right decision. They have to think critically.

The 21st-century society and its production processes may be better understood
by examining the previous example. Not only producers but also consumers need
new skills in this century. According to Griffin, Care, and McGaw [8], a group of
21st-century skills is related to thinking skills, which cover “creativity and inno-
vation, critical thinking, problem solving, decision making, learning to learn and
metacognition” [8]. These are also called thinking skills or higher-order thinking
skills [9–11].

Since the importance of skills skyrocketed, the main aim of education has chan-
ged, and many different projects like Smart School in Malaysia or Odessay Program
in Venezuela were applied. Later, school programs have radically changed to teach
thinking skills in many countries, from North Korea to the USA [6]. Despite these
efforts, Sternberg [12] has asserted that our students do not know how to think even
in this century. The main problems in teaching thinking skills are teachers’ behaviors,
social acceptance of the skills, central examinations applied countrywide, and diffi-
culty assessing these skills [1, 13]. In his study, Bruer [13] found that teachers
insisted on teaching 3R (Reading, Writing, Arithmetic), which is the main traditional
education philosophy. According to the traditionalist, educational goals should be
assessed objectively; otherwise, they are not worth teaching since a teacher cannot
decide whether her students achieve the goals or not if she does not employ an
objective assessment approach. Ngang and Nair [14] found that teachers are eager to
teach these skills; however, their success is assessed by the students’ grades taken by
the central examinations designed to evaluate lower ordering thinking. Similarly,
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teachers have lower self-efficacy levels in assessing thinking skills than teaching these
skills [6, 15]. Therefore, teachers may abstain from teaching high-order thinking
skills. However, this trend has changed because of content changes in central
examinations. In this contemporary context, although teachers include new questions
trying to assess thinking skills, they assign more homework to students, which does
not promote students' mastery of thinking skills [16, 17].

3 Dimensions of Thinking Skills

Up to the 1990s, there was no exact definition of thinking skills or which skills
should be accepted as thinking skills. Some scholars such as Costa [9], Swartz and
Parks [10], and Mc Guinness, Eakin, Curry, Bunting, and Sheehy [18] defined the
term and the skills constituting thinking skills. Although there are some small
discrepancies related to the skills in some cultures, they are almost the same [7].
Swartz and Parks [10] and McGuinness [11] indicated that thinking skills have five
main domains as “searching for meaning (analytical thinking), critical thinking,
creative thinking, problem solving and decision making” [19]. At first glance, it
seems these terms are not too different. However, they are different, and there is a
strict relation between them. The last point that one wants to reach defines the route
in her thinking process.

Thinking skills generally constitute five dimensions. Understanding the mean-
ing, critical thinking, and creative thinking skills are in the first row. These skills are
needed for decision-making or problem-solving. For example, before problem-
solving, one should compare the information and classify them according to his/her
aim. These activities are a part of understanding the meaning. Later, one should
check the validity of the information given that is critical thinking. Then, she should
try to find other alternatives, which is called creativity. After completing all these
steps, the last point is solving problems. Sometimes, one may prefer a usual way of
solving the problem and sometimes devise a creative alternative. Whichever she
chooses, her main aim is to solve a problem. If she chooses how to solve the
problem, she first decides what to do and then solves the problem [10, 11].

3.1 Understanding the Meaning (Analytical Thinking)

Much of the fallacies in problem-solving or decision-making processes are caused
by the lack of understanding of the problem [20]. Understanding the real problem or
the factors affecting the solution(s) is important. For understanding the meaning,
students should know some basic skills under this dimension. According to Swartz
and Parks [10], these skills are comparing and contrasting, classifying, constructing
part and whole relationships, sequencing, and finding reasons/conclusions. In tra-
ditional education philosophies, teachers should ask open-ended or multiple-choice
questions with specific answers that can be easily found in books to assess these
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skills. Having certain answers means that students are expected to learn lower
thinking skills. Yet, in modern educational philosophies that constitutes thinking
skills, students are supposed to have higher-order thinking skills to solve problems.
Examples 1 and 2 illustrates this point.

Example 1 (multiple-choice question)
Which of the following item is conductive?
(A) Copper (B) Plastic (C) Rubber (D) Wood.

Example 2 (open-ended question)
Please write down five conductive and five non-conductive items?
…………
Examples 1 and 2 are based on classification skills and prepared in accordance with
the traditional aspect. Students should memorize conductive and non-conductive
items to answer these questions.

Example 3 (multiple-choice question)
Roger is working at a hardware store. He classified some items that are different
sizes into boxes. Some items are made of rubbers, wood, and plastic in the first box.
Some items are made of copper, steel, and iron in the second box.
Which one of the below is right about this classification?

(A) Items in the first box are more expensive than the second one.
(B) Items in the first box are lighter than the second one.
(C) Items in the first box are non-conductive, and the items in the second box are
conductive ones.
(D) Items in the first box are flexible, but items in the second one are inflexible.

Example 3 is based on assessing, comparing, and contrasting skills. Therefore,
students have to apply the criterion for classification. Furthermore, in this example,
we know nothing about the weightiness or prices of the items. To deal with this
problem, students must think about the features of the items and make a table for
defining mutual points for all.

Example 4 (open-ended question)
In a hardware store, some items are classified into two boxes. There are rubbers,
woods, and plastic in the first box, and in the second box, there are copper, steel,
and iron. Today is your first working day in this store, and you have a piece of
ceramic item. Which box should you store and why?
Example 4 also employs the same perspective. Students should also explain his
classification with reason and result relationships.
The third way to assess thinking skills is project-based activities, also called
performance-based assessment [20]. Performance-based assessment is exemplified
in Example 5.
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Example 5 (performance-based work)
The teacher may ask students to design protective gloves for an electrician for
performance-based assessment. During this design process, the teacher may give
students both conductive and non-conductive materials or let students decide to
choose the material for protective gloves. Students should also prepare a presen-
tation on which items they use and why. In performance-based assessment, teachers
should prepare rubrics for assessment. For this project work, a sample rubric may
be prepared (see Table 1).

3.2 Critical Thinking

Norris and Ennis [21] stated that “critical thinking is reasonable, reflective thinking
that is focused on deciding what to believe or do” (p. 3). The critical point in this
definition is deciding what to believe or do. There are many different data from the
outside world, such as TVs, newspapers, or social media, even on an ordinary day.
Which of the data are right and which are not? Especially there are many

Table 1 Assessment rubric for classification skills

4 (exemplary) 3 (good) 2 (satisfactory) 1 (needs
improvement)

Data All needed about
conductive and
nonconductive
items were
collected. Tables
and figures were
also included

Most of the needed
conductive and
nonconductive
items were
collected. Some
tables and figures
were missed

Some of the
needed data were
collected. Tables
and figures were
not included

Data were
collected roughly
or not collected.
There were
imitated or taken
away directly from
some pages. There
are not any figures
or tables

Design (if a
design is
needed)

A good design was
made, and the
design had all the
requirements to be
operable

A good design was
made, and the
design had most of
the requirements to
be operable

The design had
some defects and
not very operable

There was no
design, or
designed material
was not operable
one

Presentation The presentation
was
understandable. It
also included why
and which these
materials were
preferred. Students
have also
answered the
questions

The presentation
was
understandable. It
mostly included
why and which
these materials
were preferred.
Students also
answered most
questions

The presentation
was not very clear.
Some points were
identified about
which and why
these materials
were preferred.
Students also
answered some
questions

The presentation
was not clear, or
there is no
presentation. The
presentation about
material selection
was wrong, or
there is no
explanation.
Students did not
answer questions
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advertisements and news on the internet and social media. Furthermore, there are
some facts checking network systems on web pages about news on the net. To think
critically, one needs to be able to analyze, evaluate, and synthesize [22]:

• the ability to analyze is used to examine and detect within an argument or written
document;

• the ability to evaluate is used in assessing reliability, relevance, logical strength
in the argument; and

• the ability to synthesize is referred to as “the collection of reliable, relevant and
logical evidence based on the previous analysis and evaluation of existing evi-
dence to draw a reasonable conclusion” [23].

Swartz and Parks [10] indicate that critical thinking involves the accuracy of the
observation and reliability of the resources, causal explanation, prediction, gener-
alization, deduction, and reasoning by analogy skills. In educational settings, stu-
dents should learn these skills to be critical thinkers. From a traditional perspective,
students should accept data as true when presented to them. However, today, the
only resource is not course books, and the internet has become the main resource
for collecting data. With the development of internet technologies, people produce
content on the web. Thus, students should have evaluation skills. In the traditional
assessment approach, it is difficult to mention the credibility of the sources.
However, in the modern approach, the credibility of the resources can be assessed
by multiple-choice questions, as exemplified by Example 6.

Example 6 (multiple-choice question)
On a TV program, Professor Millen, a medical expert, indicated that ‘Global
warming is not because of human activities; it is because of the natural cycling of
the world.’ When you consider this explanation, which is one of the following
options true?

(A) It is true because he is an expert.
(B) It is true because it was on TV.
(C) It is false because human activities are the main source of global warming.
(*D) It is false because the professor is a medical expert, not natural sciences.

The second way to assess the credibility of the resources is performance-based
assessment. A performance-based assessment example can be seen in what follows
after Example 7.

Example 7 (open-ended question)
Teacher: Your duty is to analyze three different web pages giving information about
global warming and compare them, decide which one(s) presents more reliable
information and why?
In this assessment, students are supposed to examine: writers’ field of expertise,
when it is updated, whether there are the photos, whether figures and tables are
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coherent with each other, whether it includes official reports, whether it is a sci-
entific article or only personal ideas.
For causal explanation, teachers can prepare multiple-choice questions. In such
questions, students are asked to connect reasons and results (see Example 8).

Example 8 (multiple-choice question)
Our civilization is established on plastic. Look around; our clothes are produced
from plastic; this morning, you drink your coffee from a plastic cup; most of your
car is made of plastic. When these are old, we throw them away. Later, they turn
into microplastic, which is very small plastic particles. Most of these microparticles
reach oceans and are eaten by fish at the end. When you eat these fish, you also eat
plastic. Plastic is also one of the main causes of cancer. When you check statistics
about the number of people dying because of cancer, you can easily notice the
dramatic increase.
According to this passage which of the following can be said:

(A) All of the cancer types are because of plastic.
(B) Fish that eat plastic are the main cause of cancer.
(*C) Plastic eaten by fish may be a cause of cancer.
(D) People should give up using plastic.

In this question, students should find the passage's main idea without making the
wrong generalization. Making too wide a generalization may cause to connect
wrong causal explanation.
Prediction is another skill under critical thinking. For predicting, students have to
evaluate the data, propose some future alternatives, and decide which has the
highest possibility of turning into reality. Teachers may prepare multiple-choice
exams for students’ prediction skills (see Example 9).

Example 9 (multiple-choice question)
In global warming, people’s changing diet has an important role. Especially in
developing countries, the middle-class population is getting bigger. This new class
consumes more meat, and most of the meat is supplied from cattle grown up in
poultries. Cattle’s waste is one of the sources of methane gases.
Which of the sentence given below best concludes this passage?

(A) So, we should reduce methane gases rate production.
(B) As the number of middle-class people increases, the methane rate seems to
increase.
(C) People should give up consuming too much meat.
(D) To decrease methane production, vegetarianism should be promoted.
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In this passage, the main point is that people are changing their diet because of their
increased income. Students are supposed to see this detail from the passage as
evidence to make a logical prediction.

Example 10 (multiple-choice question)
In the last 20 years, more than five parrot species got extinct in Salmon Island.
Although many reasons are mentioned for this, the main reasons are building
hydroelectric power plants which prevent parrots from reaching water sources,
deforestation of the area, and increasing usage of pesticides in farms. Parrots are
easily affected by the changing conditions in nature. Furthermore, the human
population is getting higher because of the tourism on the island.
According to the passage, which can be said given below?

(A) There were too many animal species on the island in the past.
(B) Tourism is the main economic activity on the island.
(C) Tourism has caused deforestation on the island.
(*D) If it goes on like this, some other parrot species may become extinct.

Students are supposed to collect data from the passage and predict possible con-
sequences in the future. There are two important pieces of information in the
passage: the increasing population and the second one is the incapability of parrots
to adapt to new situations. These two pieces of evidence show that some other
species most probably disappear.

Example 11 (open-ended question or performance-based work)
For an open-ended question or performance-based assessment, the teacher may give
students some graphics indicating people’s educational level from different cities
and their participation rate in the elections (People with higher education are more
eager to participate in elections than others). The teacher may want students to
predict which cities will have the highest participation rate in the next election and
why? Students may prepare a presentation or a report about their prediction.
A rubric should be prepared for evaluating their reports/presentations.
Generalization is another basic skill under critical thinking. By generalizing, we
reach general rules. Generalization is also one of the main factors that affect our
beliefs or attitudes. For example, we might think that a brand produces the best
goods. However, our belief, a gross overgeneralization, does not necessarily mean
that every brand’s product is the best by itself. As this example indicates, the fallacy
in generalization may cause problems even with many fraud incidents. These
incidents are called Monte Carlo fraud. In a criminal event, a thousand people got
e-mails about football results. The criminals divided those thousand victims into
three categories. Criminals send e-mails about the result of the football match. For
the same match, the first group gets an e-mail indicating team A will win, the
second group gets an e-mail team B will win, and the last group gets an e-mail
indicating draw. In the second run, the victims who get true predictions are divided
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into three groups. This process has taken three weeks, and in the end, at least 15%
of the people will always get true predictions about the results of the matches. In the
last turn, criminals want these people a thousand dollars for the next matches. 10%
of all send the money as they have taken the right prediction. For teaching gen-
eralization, students should ask questions such as what the proposed generalization
is. For generalization, do we have a big enough sample group, and can that sample
group represent the whole, and is there additional information to get other
resources? [10]. Like other skills, multiple-choice exams can be used to assess
generalization skills.
In the traditional approach, to teach geographical features and their effect on social
and economic activities, students must memorize the cities’ names and economic
activities. For evaluation questions, they generally remember the cities or their
economic activities. The following example question is prepared based on the
traditional approach.

Example 12 (multiple-choice question)
Which of the cities given below are industrial cities near the seaside?

(A) Edinburgh.
(B) Bangkok.
(C) Lisbon.
(*D) Stuttgart.

However, in the thinking skills approach, teachers prepare such questions both for
teaching generalization and the aim of the lesson.

Example 13 (multiple-choice question)
Most of the cities near the seaside are more crowded than the other ones. Industrial
districts are generally established on sea sides because of easy and cheap trans-
portation of the goods. As industrial districts offer many job opportunities, people
settle down in such cities for better jobs. In the end, these cities turn into metropoles.
According to the passage, which of the following can be said?

(A) All metropoles are near the seaside.
(B) Industrial districts established near the seaside.
(*C) Easy and cheap shipping make seaside cities attractive places.
(D) People migrate to seaside cities for only better job opportunities.

In Example 13, students are supposed to make generalizations by analyzing the
information given in the text. Options A and B may be true answers if they make
wrong generalizations. Generalization skills can also be assessed by open-ended
questions or performance-based work.

22 Measuring, Assessing and Evaluating Thinking Skills … 405



Example 14 (open-ended question)
Teacher: Please analyze five big cities near the seaside. What are the main eco-
nomic activities? Are they historical places or industrial districts? Explain why
cities near the seaside are more crowded than the other cities in that countries?
In this project, students are supposed to analyze many seaside cities and choose
five. They have to check some statistics about them and even their history. In the
end, they compare them and reach some general rules.
In conclusion, higher-order thinking, namely thinking skills, can be assessed by
multiple-choice exams, open-ended questions, and performance-based works. Some
main approaches can be used to assess students’ critical thinking skills. Firstly,
students can be asked to analyze a given argument to find the main problem, idea or
explain the reasons. Secondly, students can be asked to find the author's purpose
and try to persuade us and what evidence is given for this purpose. To evaluate the
credibility of sources, students should evaluate what piece of the information is
reliable and why. Last are some cognitive activities to “draw a logical conclusion
and explain their reasoning, select a logical conclusion from a set of choices, and
identify a counter-example that renders the statement untrue” [20, 22, 24–26].

3.3 Creativity/Creative Thinking

Creativity can be described as the skill of generating new possibilities or new
alternatives for a problem. Teachers want students to be creative, but do they know
what “creative” means? Are all ideas creative, or are all unusual ideas creative? At
this point, creative and critical thinking should not be confused. Creative thinking and
critical thinking are reasonable; however, the former is productive and
non-evaluative, while the latter is reflective and evaluative. Both of them are rea-
sonable. Yet, creativity is a part of the problem-solving skill, and therefore, it is
reasonable. However, creativity is not evaluative. After creative solutions are pro-
posed, critical thinking comes into use to evaluate which alternative(s) is better than
others. On the other hand, it can be possible to mention other kinds of creativity for
artists. Their creativity is a kind of inspiration [21]. The other point which needs to be
illustrated is the difference between creativity and creative thinking. Creativity is a
thinking skill, but it may not result in tangible materials, yet creative thinking results
in a tangible one [3, 27]. Although some think that only intelligent ones are creative,
many studies [28, 29] showed a weak correlation between creativity and intelligence.
As Tezci [30] states, creativity tests are based on divergent thinking, but intelligence
quotient (IQ) tests are based on convergent thinking. Sweller [31] indicates that
creativity requires creating thoughts, readjustment of thoughts, trial and error, and a
depth in knowledge. He highlights the necessity of having fresh thoughts and uti-
lizing various structural techniques to merge and operate the thoughts for solving
problems. Creative people are open-minded to new ideas and willing to acquire new
knowledge and skills continually. They also look for new sources such as media,
peers, or new events to get new ideas. Creativity is not a skill when one wants to see
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it; creativity is generally performed while solving a problem. There are two ways to
solve a problem. The first one is applying others’ solutions to the problem. The
second one is creative problem solving which means combining many different ways
or reordering materials or actions and adopting them into the problem. For example, a
bus company wants to raise its profit, yet people do not want to use buses as they
think they are too slow and boring. However, driving faster may increase the risk of
an accident. The solution is finding something that people can enjoy during the
trip. Companies reassemble TV units today so that passengers can watch videos or
listen to music during the trip. Although understanding the meaning (analytical
thinking) and critical thinking skills can be assessed in three ways (multiple-choice
questions, open-ended questions, and performed-based works), creativity or creative
thinking is assessed by performance-based works. Another approach is that creativity
is a skill that cannot be reduced to a number in the end [32]. However, if one thinks
creativity includes having fresh thoughts and judging their worth, it is practicable to
grade a performance-based work [20]. Examples of social science and science lessons
are given in Examples 15 and 16.

Example 15 (open-ended question, social science lesson)
After visiting a local museum, a teacher wants students to write a legend about an
object in that museum. This legend must be related to the selected object in that
museum.

Example 16 (open-ended question, science lesson)
After watching a documentary about people’s increasing demands for energy and
the destruction of nature to produce energy, a teacher asks students to find ways to
protect nature while producing energy.
The first step of creativity is brainstorming. Students are supposed to brainstorm
and evaluate the ideas found in this brainstorming. They may combine different
ideas for creative ideas. For grading the ideas, teachers can use rubrics. This rubric
should contain the main aim of the problem and the feasibility of the originality of
the proposed ideas.

3.4 Decision-Making Skills

Decision-making is a complex process that results in choosing one or more options.
Decision-making skills generally are a part of problem-solving. During
problem-solving, we decide on one or more options for the solution. According to
Swartz and Parks [10], sometimes we make wrong decisions because we make
quick decisions, collect restricted information, or fail to predict the decisions’
results. According to Lee [33], personal values and beliefs are more important in
decision-making than understanding the real problem. For making the right deci-
sions, one should consider why this decision is necessary, what the options are,
what the likely consequences are, and when the consequences are compared to
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which option is better. Namely, for right decision making, one should think ana-
lytically and critically. Later, decisions should be made. Decision-making skills can
generally be assessed in multiple-choice questions, open-ended questions, and
performance-based works. Example questions are no. 17–19.

Example 17 (multiple-choice question, mathematics)
You bought a new house, and there are no trees in its yard. The yard is 100 m2, and
at least ten trees from more than one species should be planted. Tree species and
their features are given below. Which ones should you plant?

• Poplar (zones 6–15 m2): A tall tree with aggressive roots known for causing
sewer and foundational damage.

• Weeping willow (zones 6–10 m2): A large shade tree commonly invades sewer
lines.

• Crabapple (zones 7–10 m2): A short, flowering tree matures about 20 feet tall. It
is generally preferable in city center parks as its roots do not damage
infrastructure.

• Japanese maple (zones 8–10 m2): A popular scarlet-colored tree is ideal for
planting at a curbside or near a patio.

• Flowering dogwood (zones 8–10 m2): A delicate, flowering tree great for
planting near walls.

(A) Ten crabapple trees.
(B) Five flowering dogwood trees and seven Japanese maple trees.
(*C) Five flowering dogwood trees and five Japanese maple trees.
(D) Four poplar trees and four weeping willow trees.

When the question is analyzed; poplar, weeping willow are not favorable trees near
the houses, so options including these two are not right. Secondly, at least two
species should be planted; for this reason, A is not the right option. When it is
calculated, option B is not also the right answer.

Example 18 (open-ended question, science)
An open-ended question can be used for assessment for decision-making skills.
While experimenting with a science lesson, the teacher may ask what the possible
consequences of the chemical reactions are and why?

Example 19 (performance-based question, guidance)
Your close friends continually break the school rules. But, this time, there is a
serious event. He stole some money from your classmate’s bag, and you think you
are the only witness to the crime. Now, the school administration is investigating
the crime. What should you do? Your options are telling a lie or telling the truth.
Perform a drama session with your group about the decisions and the possible
consequences of your decision.
Performance-based assessment again needs a rubric for grading.
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3.5 Problem-Solving Skills

Problem-solving is “a cognitive-behavioral process that includes identifying a
problem, transforming a problem into a goal state, and finding and implementing
alternative approaches to achieve the goals” [34]. In the traditional approach,
memorizing formulas and content in the book is the only way to solve a problem.
But today’s problems are not very simple. To deal with problems, it is necessary to
identify the problem itself, locate possible hindrances of potential solutions, and
judge which solutions might prove fruitful for solving the problem.
Problem-solving skills include different cognitive activities, which are components
of thinking skills. For example, while defining a problem, one uses analytical,
critical thinking, and later for finding possible solutions, creative thinking and
decision-making skills are used. One needs to create procedures to utilize knowl-
edge to resolve real-world problems and combine knowledge for idea generation
and solution investigation [35]. Problem-solving falls into five stages: defining the
problematic situation, proposing the problem, suggesting alternative solutions,
applying possible solutions, and evaluating them [36]. In school settings,
problem-solving skills should be taught as they are needed in daily life. Many
students fail to solve a problem. The main reasons for failing during
problem-solving are failure to define the exact problem, generate possible solutions,
select or apply unsuitable strategies, and use similar ways to all problems. Asking
too structured questions, including an explicit definition of the problem and having
one way to solve it, does not promote thinking skills. They appeal to lower-order
thinking. But, in a modern approach, for assessing problem-solving skills, real-life
problems can be developed, which are more complex and appeal to higher-order
thinking skills. Structured problems seem to be easier to be graded, and they let the
instructor manage the subject matter of learners’ studies, yet such too structured
problems have less way of solutions than less structured ones. Teachers should be
careful while preparing for such activities. While multiple-choice questions are
generally more structured, performance-based and open-ended questions are less
structured. Problem-solving skills can be assessed in three ways: multiple-choice
questions, open-ended questions, and performance-based questions. The results and
the stage of defining the problem can be assessed (see Example no. 20–22).

Example 20 (multiple-choice question)
When analyzing the precipitation regime graphic, which of the following cannot be
said?

(A) Summertime is very dry.
(B) This area is located in the northern hemisphere.
(C) December, January, February, March, and April are rainy months.
(*D) This area is located in the southern hemisphere.

Example 20 is based on formulating or analyzing the given data, namely defining
the problem. For defining real problems, students should refine data (Fig. 1).
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Example 21 (open-ended question)
Approximate water waste per person is dramatically increased especially in city
centers. Managing this wastewater is becoming a great problem, and also water
resources are getting decrease. Explain how you would solve this problem?
For this problem, students are supposed to find applicable solutions. The teacher
should also prepare a rubric for grading. This rubric should include a clear thesis
about what students learned about himself/themselves, compatibleness of proof,
reasonability of rationale, clearness of explanation, and feasibility, scientificity, and
reasonability of the solution.

Example 22 (performance-based question)
Your uncle has a big cornfield where crows damage the corn. Your uncle’s
scarecrow is not functional anymore to keep crows away from the field. Design a
new scarecrow for the field and explain why you did such a design.
In studying Example 22, students should first analyze why the scarecrow is not
functional anymore. Then, they should look for alternative designs to develop a
more functional one. For example, they might add a sound function to their design
to scare the crows. Or, they may add a movement function to the scarecrow.
The change in the demand for a new workforce has caused educational aims. The
new workforce should be creative. Moreover, problem-solvers need to meet the
required thinking skills. It is inevitable to evaluate and assess the results of edu-
cation and teaching thinking skills. Teaching thinking is not a product of the
traditional approach; it cannot be evaluated and assessed in traditional ways.
Three important factors affect the assessment process during the assessment:

i. who makes the assessment? In the modern approach, assessment is not done by
only teachers; it can be done by peers and in the form of self-assessment;

ii. what the purpose of the assessment is?; and

Fig. 1 Chart for example 20
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iii. what is assessed? It corresponds to learning outcomes and how they are
assessed, such as multiple-choice questions, open-ended questions, or
performance-based works. All these should be considered.

For all of them, there are some general principles for the assessment of teaching
thinking skills [10, 20]:

i. The alignment principle, which refers to coherence with learning objectives of
the lesson and assessment criteria;

ii. The specificity principle, which refers to the clear and exact definition of the
assessment task and demands from the students, for example, decision making
or predicting the possible consequences; and

iii. The standards principle refers to what characteristics of the students’ work will
be taken as evidence for grading. For example, while teachers may teach
reliability of the sources in critical thinking for lower graders, teachers may
teach generalization skills in higher graders.

Furthermore, a teacher may teach the same skill in different grades; the expected
perfection level of the skill may vary from grade to grade.
As shown in Table 2, all the components of thinking skills are related to each other.
The final point is problem-solving. This means that while evaluating and assessing
problem-solving, some other skills are analytical, critical, and creative thinking and
decision-making. If students fail, the teacher should diagnose where they did wrong
and help students improve diagnosed skills.

Table 2 The relationship between thinking skills components

Dimensions of
thinking skills

Aim Needed basic cognitive
skills

Main relationships
among the dimensions

Understanding the
meaning
(analytical
thinking)

To clarify
the meaning
of the
problem

Comparing and
contrasting
Classification and
definition
Parts and the whole
relationship
Sequencing
Finding reason/s or
conclusions
Uncovering assumptions

This is the first step for
all dimensions of
thinking skills. For
example, in order to
solve a problem, one
should define the
problem. In order to do
that, the data should be
analyzed by classifying
or comparing

Critical thinking To reach a
critical
judgment

Defining aim
Evaluating options
Establishing cause and
effect relationships
Making inquiry
Distinguishing fact from
opinion
Concluding, logical
thinking

Problem solving: to
evaluate possible
solutions
Decision making: to
check and ensure
reliability of the data
and other alternatives
Creativity: to decide
and formulate the aim

(continued)
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4 Conclusion

Education systems must raise rational individuals who can understand, reinterpret,
and transform the complex world we live in, think freely, be free from prejudices,
effectively solve complex problems they encounter, and make correct and effective
decisions clear. Education systems can fulfill this obligation by giving importance
to learning contexts to increase the need for thinking skills and develop thinking
skills. For this purpose, it is imperative to evaluate these skills as well as to define
thinking skills comprehensively, revealing the approaches and strategies for
teaching thinking skills in detail and presenting them to the practitioners because it
is the assessment and evaluation of thinking skills that are often neglected or pushed

Table 2 (continued)

Dimensions of
thinking skills

Aim Needed basic cognitive
skills

Main relationships
among the dimensions

Problem-solving To reach one
or more
solution/s for
the problem

Critical thinking, data
processing, creative
thinking, implementing of
the planed actions,
generating alternatives

Critical thinking:
collecting data,
formulating problems,
establishing cause and
effect relationships
Creativity: creating
new options for the
problem
Decision making:
deciding which of the
options are effective

Creativity/creative
thinking

To reach
original
idea/product

Critical thinking,
flexibility, defining
options, collecting data,
analyzing the problem,
generating ideas and
possibilities, seeing
multiple perspectives

Critical thinking:
evaluating new ideas or
products, establishing
new relationships
among the patterns
Problem-solving:
creativity starts from
problem-solving
Decision making:
Selecting one of the
original products or
ideas

Decision-making To select
one or more
of the
alternatives

Critical thinking, creative
thinking, problem-solving,
generating options,
predicting likely
consequences

Critical thinking:
collecting data and
evaluating options
Problem-solving:
formulating and
analyzing the problem
Creativity: proposing
new alternatives

Teaching Thinking with Activities, Pegem Publishing [5], p. 12
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into the background in learning contents. Within this context, this chapter aims to
sweep away the question marks in the minds regarding assessing and evaluating
thinking skills and to explain the assessment and evaluation of thinking skills with
concrete examples.

Core Messages

• Thinking skills can be assessed and evaluated in many ways, such as
open-ended, multiple-choice, etc.

• Creative thinking or creativity can be assessed and evaluated by
open-ended questions and performance-based work.

• Teachers should predefine skills of interest before deciding which tools are
used for assessment.
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23Developing Computational Thinking
Skills to Foster Student Research:
Contemporary Scientific Education
Through Modeling and Simulations

Vladimiras Dolgopolovas, Valentina Dagiene, Sergei Pozdniakov,
and Alexander Liaptsev

I don’t know what’s the matter with people: they don’t learn by
understanding, they learn by some other way—by rote or
something. Their knowledge is so fragile!

Richard Feynman

Summary

This chapter presents a view onmodernK-16 education fostering students’ research
activities. The role of computational thinking (CT)-based pedagogy is discussed,
and a model of corresponding educational settings incorporating modeling and
simulations into the teaching and learning process is provided. We consider
modeling and simulations in a broader sense not only from the perspectives of
educational technology but also as a part of an epistemological approach aimed at
grounding the learner cognitive structures and the final cognitive and long-time
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sustainable development of knowledge. At the same time, we provide a detailed
description of the practical educational environment based on the conceptual
understanding of educational research as a “mirror image” variant of real scientific
research activities. Besides this, the chapter provides some philosophical and
methodological discussion. In addition, a practical example of a model-based
educational environment for discrete mathematics education is introduced.

Graphical Abstract/Art Performance

Simulation of the mental or the mental simulation?

Keywords

Computational thinking � Mathematics education � Modeling � Scientific
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

How do people learn? The traditional approach is mentalistic [1]. Passive or active,
lecture or project-based, “pure” or supported by technology, but still mentalistic.
The student’s brain is the primary purpose and the main target of educational
efforts. Students sit, listen, read, write, watch, solve problems and participate in
various forms of activity, improving their knowledge and understanding, and as a
result, their knowledge is fragile. How do we improve this? How do we make such
knowledge fundamental and understanding deep? What about skills? Could we
consider skills as pragmatic “islands” in this “ocean” of mentalistic education?
What should we focus on–on knowledge or skills? Could we deploy an educational
strategy that will incorporate the synergetic development of both knowledge and
skills and how they relate to each other, or if there exist dichotomies and contra-
dictions? Obviously, there are more questions than answers. This is even more
complicated when one considers the requirement of modern science. What is
modern scientific education? And is the perfect scientific mind resulting from our
educational efforts the solution?

This chapter aims to encourage discussion on the role of modeling and simu-
lation in modern scientific education. Our general idea is that computational
thinking (CT) pedagogy could be positioned as a kind of grounding [2] that allows
different educational activities to be combined into one practical educational
solution, passing from the purely mentalistic approach to its grounded counter-
part. This is extremely important for such a traditionally seen as mentalistic field as,
for example, mathematics education. We will not debate the importance of
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mathematics in the context of science, technology, engineering, and mathematics
(STEM), considering this an obvious must, but will nevertheless emphasize the
importance of a pragmatic direction in mathematics teaching, stressing the signif-
icance of applied implications and related modeling (scientific modeling) skills.
Modern science is about modeling [3]; therefore no doubt that education in mod-
eling is important for STEM and science education [4, 5].

The next aspect to discuss is the step from modeling to simulation. The fol-
lowing important remark needs to be made. We do not support in any way a
mechanistic view on a simulation, a tool that improves a person’s mental abilities, a
kind of cognitive artifact after Norman [6] that enhances students’ understanding.
This would be just another “improvement” of the mentalistic approach we try to
avoid. In this regard, we consider simulation as a kind of epistemological tool that
allows us to move to the implementation as grounding in educational approaches
and provides a kind of computational grounding [7] in connection with the settings
of the computational modeling environment. The advantage of such considerations
is the following: now we have an opportunity to utilize a broader vision of simu-
lation, focusing on understanding its neuroscientific, cognitive, and reasoning
backgrounds [8–10]. This includes mental modeling and simulation as one of the
approaches to simulation-based learning in science education [11] and on which
this chapter focuses.

Different approaches and applications of CT are presented, including
CT-focused modeling and simulation environments [12, 13]. The main focus of this
approach is developing computational abstractions and conceptualizing the phe-
nomena under study [12]. In general, we are determined to avoid (or at least
minimize) the influence of empirical tradition in science and corresponding sci-
entific education, which is based on two main fundamentals: analyticity and
reductionism. The reason for this is not only that empiricism (at least in its classical
meaning) is “[…] rather suspicious with respect to any kind of abstract entities
[…]” [14], but also that we have the ambitious goal for providing the prerequisites
for epistemological grounding, which is hardly possible in the framework of a
“purely” empirical tradition. In general, following Quine [15], we do not intend to
abandon analyticity on stage but to put it on a level with synthetic reality. Not the
opposition; it is a reasonable connection–this is our solution. It is important to
emphasize that our synthetic truth has a contingent nature. That is why it is essential
to design a contingent educational environment, or, in other words, an inherently
contingent environment in nature [16]. In this sense, we consider the scientific
activity as “continuation of common sense, and [it’s continuation of] the
common-sense expedient of swelling ontology to simplify theory” [15].

It is these ontologies, the process of their design and verification, that we place at
the heart of modern scientific education. Our orientation to the pragmatic process of
verification, in particular for the sake of synthetic verification, and not just solely for
the purpose of confirmation (or rejection) of analyticity, allows us to declare a
paradigm shift from reductionism to pragmatism to fit our “continuing sensory
promptings” [15] into the rational stance of our pragmatic considerations. How do
we link the presented theoretical stance to the pragmatic vision we proclaim, or, in
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other words, how do we “design” such “pragmatic” ontologies? A number of
practical recommendations can be formulated as follows:

• to show complexity not only as a structure but also in interrelationship, as well
as causes and consequences;

• to educate to synthesize, rather than absolutize analyticity (for example, to
reduce the number of parameters for the sake of understanding in favor of
accuracy);

• to understand and support the human in its relationships and interactions with the
environment; and

• to consider human and non-human (as a kind of “inscription devices” [17]) as
equal participants in relevant educational settings

The chapter is structured in the following way. In this section, “Introduction,” in
addition to motivational aspects, some backgrounds and topics covering CT-based
pedagogy approaches are discussed. The section “CT For Research And Modern
STEM Education” highlights some aspects of CT related to science education in
general. Further, in the section “Mathematical Modeling In Education As A
Learning Model For Scientific Research,” we consider a general view on modeling
and simulation for scientific education and provide connections to the pedagogy of
CT. In the section “Mathematical Modeling In The Course Of Discrete Mathe-
matics,” we provide a practical example of the approach to the field of applied
mathematics education. The analysis of the modeling process is presented when
making formal grammar by students based on informally described language.
Grammar, in this case, acts as a model for formalizing a set of words, which
students generate themselves based on the proposed samples. This generation plays
the role of simulation and tests grammar for its correspondence to the language. It is
shown how, with the help of a teacher and group discussion, an adequate model is
progressively created, which ends with the creation of a syntactic analyzer and
provides students with intellectual satisfaction with the results of their mental
simulation done. The chapter ends with “Conclusion,” “Acknowledgments,” and
“References” sections. The section “Authors biographies” ends the chapter.

2 CT for Research and Modern STEM Education

Today’s post-industrial world is becoming increasingly complicated. Post-industrial
society gains new opportunities and, at the same time, faces new challenges. On the
one hand, technology is constantly evolving, more complex, and challenging to
learn and interact with. On the other hand, the digital world is penetrating all
spheres of personal and social life; digital devices are becoming ubiquitous, always
and everywhere, following with the individual and directly influencing their per-
sonal life and determining their social behavior and social status. In fact, the
modern world could be described as a man-machine, or more precisely, an
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environment where society and technology are constantly interacting. In this
respect, the socio-societal context is as important as the technological one in this
interaction. How do we interact with this advanced world? We need new knowl-
edge and competencies: digital competencies and competencies in relevant con-
textual areas and so-called “soft competencies” such as CT. A reform of STEM
education, targeting both primary and university education, is consequently
required. The overall approach is based on reforming and innovative approaches to
STEM curricula, including hands-on, real-world, research-based, and information
and communication technology-enhanced learning methods, collaborative practice
with a transdisciplinary focus, and the use of extracurricular activities to teach a
wider range of skills that encourage innovation and creativity and foster initiative
and entrepreneurship [18].

It is important to note that such a reform is comprehensive and stipulates a
number of requirements for the nature and settings of the educational environment,
including practical requirements for upgrading STEM curricula. Such requirements,
in addition to the specification of modern educational technologies, involve
requirements for educational content and related digital competencies. Here, the
interdisciplinary nature of STEM should be taken into account, as well as the fact
that STEM curricula cover all stages of the educational process, including
pre-school and secondary education [19, 20]. Therefore, in addition to the classic
CT skills associated with computer science, additional skills such as
problem-solving, communication, and teamwork skills need to be developed [21].

The model of a holistic approach to STEM education that we advocate is based
on the integrative nature of CT. In this way, scientific thinking enables scientific
experiments to be carried out within the STEM educational environment, which is
particularly important for subsequent careers as a scientist and for carrying out
scientific experiments directly in a real scientific environment. In addition to dis-
ciplinary knowledge and subject matter expertise, skills in generalization, logical
inference, experimentation, and data processing are as well important here. The
development of creative thinking enables activities in a context-sensitive learning
environment, taking into account social and environmental aspects, and supports
student interaction in real-world project-based learning activities. In this respect, CT
could be positioned as an integrative skill set that enables the development of
universal competencies, a universal language for modeling and interaction in the
holistic STEM environment.

Modern scientific practice is based on the extensive employment of digital tools,
such as computational models, which enable computer experiments and simula-
tions. Consequently, training in developing mathematical and computer models,
conducting computer experiments and simulations from the earliest ages is par-
ticularly important. Another important point is that, as mentioned earlier, aspects of
modeling the social environment and human-machine interaction are crucial as well
as technical aspects. Therefore, in addition to content-oriented knowledge, students
should also have the skills to learn in a modern digital learning environment and to
design and conduct educational, scientific experiments and simulations. Such skills
include core CT skills such as generalization, decomposition, algorithmic,
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automation, and systems thinking skills. On the other hand, CT skills are needed to
enable effective interaction with the social environment. In this context, although
CT has its origins in computer science, it is becoming a skill far beyond this [22]: a
skill for everyone, an important tool, and a subject of social knowledge regardless
of learners’ technical background. Consequently, it is important to ensure that the
holistic teaching of CT skills is integrated into a modern educational environment.

As already discussed, CT skills and a holistic approach to teaching such skills,
including CT as a subject of study both within integrated STEM and directly in
subject-specific curricula, will prepare students to meet the challenges of the
changing Information Age paradigm shift [23]. The key here is to organize an
effective teaching process, as the teachers will play the main role in ensuring
effective teaching of CT in the framework of such integration. It is important to note
the following point in this respect–this integration process takes place against the
background of constant changes in requirements, content, and context of learning,
so the role of developing relevant competencies and skills in teaching CT is of
primary importance. However, as our practical experience shows, computer science
teachers have little awareness of the specifics of STEM pedagogy related to CT
education. This is all the more relevant for teachers of individual STEM subjects. In
our opinion, teacher training programs in CT teaching need to be revised.

All this makes it necessary to improve and develop innovative programs and
educational approaches to STEM education based on the broad use of methods and
concepts of CT. Such programs should be linked to and consider the transdisci-
plinary nature and holistic perspectives of STEM education. We consider a prag-
matic approach to teaching CT skills understood as a holistic set of tools,
approaches, and methods to enable a painless transition from younger students’
playful activities to learning and applying digital technologies, computers, and
digital modeling by high school and undergraduate students. At the same time, as
stressed earlier, it is important to emphasize the development of teacher training
programs and methods aimed at teaching CT skills within such an integrated STEM
program.

3 Mathematical Modelling in Education as a Learning
Model for Scientific Research

At a more general level, the process of scientific research can be illustrated using
the diagram depicted in Fig. 1. At the first stage, the accumulation and system-
atization of experimental facts occur. Then a hypothesis is constructed explaining
such facts and giving some predictions (consequences). Such predictions are
checked (if possible) by setting up an experiment or making additional observa-
tions. New facts contribute to developing a hypothesis or constructing a new
hypothesis if the old one is not confirmed. This results in new predictions and
repeated cycles. As experienced facts become available, the hypothesis becomes a
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common theory if confirmed by experience or discarded if new data does not
confirm it.

One of the leading mathematicians, academician of the Russian Academy of
Sciences A. A. Samarskii, who made a great contribution to the development of
education in the field of mathematical modeling (see, for example, [24]), formulated
the following thesis “Education is a learning model of science.” In particular, the
process of teaching mathematical modeling can be illustrated in Fig. 2. This scheme
corresponds to the method embedded in the notion of CT as the “three As” iterative
process (see for example [25]):

i. at the first stage (Abstraction), a problem is set;
ii. at the second stage (Automation), solution development; and
iii. at the third stage (Analysis), solution execution and analysis.

The process is quasi-cyclical. It means that after the successful completion of the
initially planned research, the new information gained is the basis for the next
research stage, just as it happens in scientific research. If the decision on some
criteria does not meet the set task, it is necessary to return and develop a model that
meets the obtained discrepancies. It should be noted that at each of the stages when
solving a concrete problem, the main characteristics corresponding to the
methodology of CT are manifested to some extent.

3.1 Formulation of the Research Problem

At this stage, a general formulation of the problem takes place. When the problem is
first addressed, the initial information that may be more or less specific in the
learning process is analyzed. Sometimes, to simplify the process, a training task is
presented in a concrete form, such as some physical task. The initial information
may be presented as a set of some experimental facts and theoretical provisions,
which may be disordered and not directly related. At this stage, such peculiarities of
CT as using abstractions and defining templates for new and different ways of
presenting the problem, logical organization and analysis of data, breaking down

Fig. 1 The process of scientific research

424 V. Dolgopolovas et al.



the problem into smaller parts can appear (Fig. 2). In the next cycle, the problem is
expanded when students have additional information obtained from the simplest
model. Here, in particular, such characteristics of CT as a generalization of the
process of solving one problem for a wide range of similar tasks can be useful. It
should be noted that at this stage, the mathematical model as such may not be
formulated; that is, the research formulation may remain at the verbal level.

3.2 Formulation of a Mathematical Model

A mathematical model corresponding to the research problem is formulated at this
stage. The set of variables characterizing the system under study and the set of
parameters on which the system evolution can depend is determined. When a
certain physical system is considered, the basis of the equations may be formed by

Fig. 2 The main steps of teaching mathematical modeling
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physical laws describing these phenomena. Modeling is based on some heuristic
positions for phenomena and processes in the “non-physical” domains [26].

At the end of this stage, mathematical equations or some mathematical pre-
scriptions must be obtained, which can then be implemented by numerical methods.
At the same stage, it is necessary to formulate special and limiting cases, which will
allow testing the model. Some requirements for the selection of an educational
model:

i. the model should motivate students to research. This motivation may be due to
the nature of the topic chosen, which is related to the specialization students
are learning. Another possibility is relevance–connection with phenomena and
processes currently taking place in nature and society (e.g., pandemic);

ii. the model should correspond to the students’ level. Pupils should be able to
understand the phenomenon being studied and, with the help of the teacher (to
a greater or lesser extent), obtain some solution within the time allocated for
the discipline;

iii. the model should contain some computational experiments in its implemen-
tation. It cannot be a task that can be solved without calculations by analytical
methods (even if it is a complicated olympiad task);

iv. while implementing the model, some qualitatively new peculiarities of the
phenomenon under study must appear (for example, it is inexpedient to put the
problem on the calculation of gravity force between two homogeneous balls.
Of course, a force different from the law of gravitation will be obtained, but
something qualitatively new will not occur); and

v. the model should contain simple solutions (for example, analytical) in some
extreme cases. This will make it possible to test the model.

At this stage, such characteristics of CT as breaking down the problem into
smaller parts and identifying, analyzing, and executing possible solutions to
achieve the most effective and efficient combination of resources and steps may
manifest themselves.

3.3 Description of the General Method of Model
Implementation

At this stage, it is not the algorithm that is being formulated but some general
provisions regarding a possible solution. For example, a mechanical problem can be
solved by solving dynamic equations or minimizing some functionality. It is nec-
essary to realize model limits and the possible accuracy of calculations at this stage.
If iteration methods are used, estimating the number of iterations is probably
necessary. If the model is formulated as a set of some subtasks, it is necessary to
think over the relationship of subtasks and the sequence of their implementation.

At this stage, such characteristics of CT as representing the problem in the form
of a series of sequential steps (algorithmic thinking) and the approach to the
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problem using algorithmic methods such as cycles, logical operations, and sym-
bolic representation can manifest themselves.

3.4 Numerical Implementation of the Method

Only for the simplest models can be formulated algorithms that can be immediately
programmed in a high-level language. Any “interesting” models must possess
computational methods. These include various numerical methods and solutions,
including numerical approaches to the integration and solution of ordinary and
partial derivative differential equations, methods of linear algebra, Fourier trans-
form, etc. Students are not always familiar with these methods, let alone possess
them. However, nowadays, numerical methods are implemented in many com-
puting environments (Mathcad, Mathematica, Matlab, Maple, Octave, etc.). For
students who are not familiar with the numerical methods necessary for the model
implementation and do not have any disciplines in the educational program
familiarizing with these methods, it is reasonable to acquaint them with the idea of
the necessary method and teach them to address the corresponding procedure in the
chosen computational environment. For example, in an environment such as
Matlab, you can quickly create applications that allow you to conveniently conduct
various numerical experiments in the created window (GUI, graphical user
interface).

The numerical implementation also implies a visualization of the results
obtained. The results can be two-dimensional and three-dimensional graphics and
animations of the processes under study. There are possibilities to create animations
in different formats (gif, avi, etc.). Such visualization, carried out under changing
external parameters, is a simulation of some investigated processes. We define
simulation as “performing goal-directed experimentation or gaining experience
under controlled conditions by using dynamic models; where a dynamic model
denotes a model for which behaviour and/or structure is variable on a time base”
[27].

3.5 Analysis of Results, Including Testing for Particular
(Marginal) Cases

Testing the software is an important step in the study of the model. To conduct
testing, students must be familiar with approximate methods (e.g., linearization of
differential equations near a particular point) and analytical research methods. It is
the combination of analytical and computational methods that can give, firstly, the
guarantee of correctness of numerical algorithms and, secondly, help to understand
the process under study. At the same stage, the “reasonableness” of the results
obtained should be assessed. At the initial formulation of the model, some
hypothesis is formulated, predicting the consequences of the model. The results
obtained from a numerical experiment must either “fit” into this hypothesis or be
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somehow explained in terms of inconsistency with the predictions made during the
model formulation. If model testing has yielded unsatisfactory results, or if the
results obtained are completely out of line with the expected qualitative effects of
the model, a return to the previous stages is required up to the first stage of
formulating the new model. With a satisfactory test result and “reasonable” results
obtained for some model parameters, you can move on to the stage of the model
investigation.

At this stage, such characteristics of CT as logical organization and data
analysis and identification, analysis, and implementation of possible solutions to
achieve the most effective and efficient combination of steps and resources may be
manifested.

3.6 The Study of the Simplest Model

Any model, even the simplest one, contains some set of parameters. Model research
consists of obtaining the model properties’ dependence on the given parameters. In
this case, it may be important to obtain both quantitative characteristics that can be
compared with experimental data or known theoretical studies and qualitative types
of dependencies.

When the model implies simulation, the model study allows demonstrating the
qualitative features of the model and the results of the numerical experiment. At this
stage, such characteristics of CT as logical organization and data analysis and
identification, analysis, and implementation of possible solutions to achieve the
most effective and efficient combination of steps and resources may appear.

3.7 Formulation of the Next Level Model

It is important to educate for mathematical modeling. V. I. Arnold wrote [28], “The
ability to make adequate mathematical models of real situations should be an
integral part of mathematical education. Success brings not so much the application
of ready-made recipes (rigid models) as a mathematical approach to the phenomena
of the real world. For all the great social importance of computing (and computer
science), the power of mathematics is not in them, and teaching mathematics should
not be reduced to computational recipes.” In Arnold’s terminology [28], “rigid”
models are the simplest models containing a minimum of parameters. The “soft-
ening” of the model is that some of the parameters are replaced by functions from
the task variables. The functions themselves can be different, taken from some
theoretical considerations, or selected in such a way as to ensure the best match
with the experienced facts (a detailed discussion with examples can be found in the
book cited above). The introduction of such functions can be stepwise so that at
each stage, a higher level of research on the model obtained would give a new
qualitative result. Thus, the research process is similar to Hegel’s spiral.
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4 Mathematical Modeling in the Course of Discrete
Mathematics

The emergence of the concept of CT was a consequence of changes in human
habitats. The appearance of the digital environment, significant for human life
activity, gradually changes the structure of human thinking: now he can rely not
only on his knowledge, but also on the knowledge that is in his environment, easily
extractable from there, and can also take into account the possibility of expanding
his operational capabilities through computer means. Let us consider how these
changes influence the process of a person’s comprehension of new mathematical
ideas. Let us analyze this process from the point of view of the interaction of human
experience with creating a new product. We will consider a product in two aspects:
as an intellectual product (in the sense of how the product was understood by Max
Wertheimer [29]) and as a product of the human activity, which can be alienated
from the person and have social significance. For our purposes, we can divide
human thinking into two different processes:

i. the first is similar to the work of a neural network formed since childhood and
possessing knowledge that this network itself can neither realize nor structure;
and

ii. the second is the conscious structuring of knowledge that this neural network
possesses.

Let us keep in mind that these two described processes occur in conjunction with
human interaction with the external digital environment. This interaction can be
considered as two interrelated forms of modeling and simulation approach [30]: on
the one hand, it is the creation of mental models and simulation on the human
neural network; on the other hand, it is the creation of external computer models
and work with them. Building internal models is based on unconscious knowledge,
which initially has no formed internal mechanisms for working with it and inclusion
in new constructions, but allows you to verify the created consciously thought
structures quickly. At the same time, the construction of external models can be
considered the use of the mechanism of interiorization (translation from the external
plan to the internal), developed based on the works of Vygotsky and Leontiev [31–
33]. This activity also has a social aspect–creating a mathematical model that can be
presented to the mathematical community.

It is worth mentioning that the emergence of computer mathematics has given
rise to a new direction in teaching mathematics itself–mathematical modeling. For
example, compilers of mathematical olympiad problems use dynamic geometry
environments to find or try out new geometric patterns between the various
parameters of geometric shapes. At mathematical programming olympiads in test
procedures, the efficiency of the algorithm used for the solution is taken into
account.
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One of the projects on applying mathematical modeling in a course on discrete
mathematics, which reveals important features in the study of material on “formal
languages and grammar,” will be presented below. These features can be briefly
described as follows:

• the student is assigned an informally described assignment, that at the same time
allows the student to use his basic concepts (described by the structure of a
similar neural network) to verify partial solutions;

• the student proposes solutions in the form of a model, which is designed for
implementation on a computer, that is, performing mental operations related to
the sphere of CT;

• this model is then verified on his basic concepts, as well as on the ideas of the
students of the study group (it can be formalized as verification on a system of
neural networks built on different principles) and the differences of this pur-
posefully constructed mathematical model with its informal image, which is
presented by the condition of the problem, are determined;

• this process, which consists of computer modeling and computerless mental
simulations, continues until these differences are no longer identified by the
student community; and

• at the last stage, the final computer model is implemented as software and is
simulated by external—computer—means. This stage is analogous to software
testing, but because task definition was carried out based on the informal rep-
resentation of the task in the student’s information system, this stage acts as a
reward in the form of a finished product for the work done.

Thus, the student’s activity is an example of CT, when a computer is an inter-
mediate–a tool in terms of Vygotsky, allowing to establish a connection between
informal knowledge (experience) and the mathematical model of the subject area.

4.1 Mathematical Modeling in the Development of Formal
Grammar of an Informally Given Language

The project was inspired by the material presented in N. Wirth’s “Algorithms+Data
Structures=Programs” [34]. Wirth shows how to build a program that converts
formal grammar described in a certain way into a parsing algorithm. The main idea
of our project is to combine this algorithm as the last (routine) part of the project–as
an experiment–with the search for a description of an informally given language
(given a set of examples and counterexamples) grammar that satisfies a number of
limitations that ensure applicability of the algorithm as mentioned above by Wirth.

Let us analyze the application of mathematical modeling on the example of
building grammar for a very simple language. The following is a reconstruction of
the process of interaction between the teacher and students in practical classes with
a group of sophomores in the subject “Mathematical Logic and Algorithmic
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Theory” (Saint-Petersburg State Electrotechnical University “LETI,” Faculty of
Computer Technology and Informatics).

Example (the language of inflexible algebraic formulas) As an alphabet, consider
small Latin letters {a; b; c} and two characters of arithmetic operations: addition (+)
and multiplication (�). For example, the formulas a + b � c, b, a � a � a are
correct formulas, and the wrong formulas are + b, �, a + � b.

Beforehand, students are introduced to context-free grammars and its subtypes.
The first attempts of the students to solve the problem are connected with the
“operational” meaning of the language presented. At this stage, students cannot
abstract from semantics–the meaning of these expressions and perceive them
simply as some text with certain syntax. Therefore, the first solutions are usually of
the following kind:

4.1.1 Model 11

<formula>::=<operand>+<operand> | <operand>�<operand>
<operand>::=a | b | c

This variant of grammar is quickly disproved by other students, as it does not
allow setting one-letter formulas. The following edition of the grammar appears:

4.1.2 Model 2

<formula>::=<operand>+<operand> | <operand>�<operand> | <operand>
<operand>::= a | b | c

But before the student can correct the grammar, it turns out that expressions with
three or more letters cannot be written with this grammar, even corrected. At this
point, students begin to feel the difference between finite and infinite language.
Initially, many students associate the words of the language with its alphabet (and
such errors are also found later in some students). There is a problem situation that is
first tried to solve with “ellipsis,” i.e., to copy records of infinite rows from math-
ematical analysis when the beginning of a row is written, and the formula ends with
ellipsis. At this moment, an important concept is formed, which is that the infinite
language can be described by finite grammar! Now students understand that the tool
they need to use is recursion and begin to see recursive descriptions, for example:

1 The following entries use the Backus-Naurus description form, with non-terminal characters—
syntactic language concepts—taken in angle brackets, and a vertical line is used for alternative
transcriptions of non-terminal characters.
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4.1.3 Model 3

<formula>::=<formula>+<operand> | <formula>�<operand> | <operand>
<operand>::=a | b | c

None of the students can refute this grammar, and the discussion moves on to the
next stage–grammar restrictions. Note that it is impossible to prove that the con-
structed grammar describes a given language in this activity. Why not? Because the
language is not formally defined. Thus, the student’s activity corresponds to the
modeling scheme: hypothesis–experiment–hypothesis–correction–experiment, etc.
For mathematical courses, this situation is not yet standard, as it does not assume
“correct” in terms of the proof of the answer. At the same time, the set of initial
examples makes it possible to check the constructed grammar on them (formal part)
and use the general aesthetic conceptions to estimate the result. This brings the
problem closer to applied problems and shows the possibilities of the indirect
influence of digitization on changes in mathematics teaching.

At the second stage a constraint—belonging to the class of grammars LL(1)—is
imposed on the grammar, which informally can be formulated as unambiguity of
branching on the first symbol. In other words, when terminal symbols are “de-
crypted” by different alternatives, the result cannot begin with the same terminal
symbols. So in our example, the second rule satisfies this condition, and in the first,
each of the three alternative transcriptions can start with any letter.

This restriction is already more difficult to satisfy, and the constraint is “su-
perfluous” semantics. The problem of “cleansing” the mathematical model is an
important step in the use of modeling and simulation in learning. Here are what R.
Feynman writes about it [35] “To what extent do models help? It is interesting that
very often models do help, and most physics teachers try to teach how to use
models and to get a good physical feel for how things are going to work out. But it
always turns out that the greatest discoveries abstract away from the model and the
model never does any good. Maxwell’s discovery of electrodynamics was first
made with a lot of imaginary wheels and idlers in space. But when you get rid of all
idlers and things in space the thing is O.K. Dirac discovered the correct laws for
relativity quantum mechanics simply by guessing the equation.” The attempt to
avoid ambiguity of the branching leads to the idea of “put the general part out of
brackets,” i.e., to combine the first two alternatives into one:

4.1.4 Model 4

<formula>::=<formula><continuation> | <operand>
<continuation>::=+<operand> | �<operand>
<operand>::=a | b | c

This variant of grammar “brings the problem closer to solving.” The presence of
mechanisms to assess the approach to solving the problem is called the “principle of
progress” by Minsky [36]. This way is also discussed by Poya [37], which suggests
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at the beginning of the problem solution to compare what is known with the goal to
be achieved. At the same time, various implicit criteria automatically appear, which
allow a person to estimate the “approach” to the problem solution. In this case, there
is unambiguousness of branching by the first symbol in the second and third rules.
In the first rule, the ambiguity remains because both <formula> and <operand> in
the decoding can start with one letter, but before, it was in two places, and now it
remains only in one. We can assume that there will be students who will look at
recursive definition differently and offer such a model instead of Model 4:

4.1.5 Model 5

<formula>::=<operand>+<formula> | <operand>�<formula> | <operand>
<operand>::=a | b | c

Now we can take the common <operand> symbol out of all three alternatives
“out of brackets”. But then what is left of it in the third alternative? If we perceive
the derivation operation as multiplication, then a unit–a neutral element–should
remain. Thus, we need to introduce a neutral symbol for actions with words (gluing
words–concatenation). Let us call this symbol an empty string symbol and desig-
nate it with a capital letter of the Greek alphabet “lambda:” K.

4.1.6 Model 6

<formula>::=<operand><continuation>
<continuation>::=+<operand> | �<operand> | K
<operand>::=a | b | c

This model already satisfies all the required limitations, and further, we can build
an algorithm of syntactic analysis by literally translating grammar into a parser.
Table 1 presents the parsing program to show the correspondence of the grammar
rules to the parsing operations:

Having received recursive programs, it is natural to raise the question of the
existence of iterative ones. And at this point, you can draw students’ attention to a
simple arrangement of “words” of our language. Any formula can be considered a
repetition of the “letter-sign operation” pairs and ends with a letter. Let’s introduce
the meta-symbol of iteration in the following way: A*:: = K | AA | AAA …. In
these terms, grammar will take the form:

4.1.7 Model 7

<formula>::=<symbol-operation sign>*<symbol>
<symbol-operation sign>::=<symbol><operation sign>
<symbol>::=a | b | c
<operation sign>::=+ | �
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The model is abstracted from its superfluous elements introduced by interpre-
tation at this stage. What Feynman [38] calls the transition from model to theory
and throwing away of the model, it is more correct to represent the transition from
the simulation model, or in other words, from the interpretation of model in rep-
resentations accessible to the student to mathematical model when in it only ele-
ments essential for model and connections are kept. At the same time, on the
psychological level, this model abstracted from the interpretation will still be related
to the initial interpretation but will include additional knowledge about which
elements of interpretation are essential and which are not. This is achieved by
combining different interpretations. So in our case, it was an “operational” inter-
pretation of the language and its “syntactic” interpretation.

Attentive students will notice at once that as <letter-symbol of operation>* can
by definition be both an empty symbol and begin with a letter, the rule contains
ambiguity of branching on the first symbol. Then you can pay attention to another
iterative way of structuring the words of the language: start with a letter, and
continue with the repetition of the pair “sign of operation—letter.” The corre-
sponding grammar will be like this:

Table 1 Corresponding grammar rules to syntactic analysis operations (recursive syntactic
parsing algorithm)

Rule of grammar Syntax analysis program function

<formula>::=<operand><continuation> function FORMULA
begin

OPERAND
CONTINUATION

end
<continuation>::= + <operand> | �<operand> | K function CONTINUATION

begin
if symbol = “+”
then read(symbol)

OPERAND;
else

if symbol = “�”
then read(symbol)

OPERAND;
end

<operand>::=a | b | c function OPERAND
begin

if symbol 2 {a; b; c}
then count the symbol;
else error

end
Main Program read(symbol)

FORMULA
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4.1.8 Model 8

<formula>::=<symbol><operation sign - symbol>*
<operation sign - symbol>::=<operation sign><symbol>
<symbol>::=a | b | c
<operation sign>::=+ | �

Again, there is an algorithm of direct translation into the software program
(Table 2).

Some summarising practical examples of informal language descriptions for
building grammars and syntactic analyzers [39] are presented in Table 3.

4.2 Pedagogical Experiment

Based on the idea described above, an experiment with the course students at the
Faculty of Computer Technologies and Informatics of Saint-Petersburg State
Electrotechnical University “LETI” was conducted. Students were offered an

Table 2 Corresponding grammar rules to syntactic analysis operations (iterative syntactic parsing
algorithm)

Rule of grammar Syntax analysis program function

<formula>::=<symbol><operation sign -
symbol>*

function FORMULA
begin
SYMBOL
while symbol 2 {+; � }

OPERATION SIGN - SYMBOL
end

<operation sign - symbol>::=<operation
sign><symbol>

function OPERATION SIGN - SYMBOL
begin

OPERATION SIGN
SYMBOL

end
<symbol>::=a | b | c function SYMBOL

begin
if symbol 2 {a;b;c}
then read(symbol)
else error

end
<operation sign>::=+ | � function OPERATION SIGN

begin
if symbol 2 {+; � }
then read(symbol)
else error

end
Main Program read(symbol)

FORMULA
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informal description of the language they had to use first to build formal grammar,
to experimentally justify its correspondence to the examples by making a parse of a
typical example. Then it was necessary to test the grammar on the property of
unambiguousness of the branch on the first symbol and, if it is not executed, build a
new grammar. After the theoretical modeling stage, the resulting model was “im-
plemented,” i.e., the parser was built according to the algorithm developed by Wirth
[34] and using a convenient programming language.

After the lecture and one practical lesson, students were offered to go through all
the modeling stages and build a parser for a simple language (Table 3). The work
was considered not as programming work but as work on discrete mathematics,
which should be a mathematical model of the parser. At the same time, students
built a program of syntactic analysis on a model with which they could work and
make sure that it meets the requirements. The peculiarity of this work was that the
program was built “automatically” with the right model and worked without errors
with a 100% guarantee. The last phrase seemed surprising to most students who
were used to the process of testing and error correction. They could understand the
true meaning of this phrase only after the work was done.

Three groups of students can be classified in the work process:

i. students easily perceived the idea of preliminary construction and modification
of the model. These students carried out their tasks quickly. The parser turned

Table 3 Examples of informal language descriptions for building grammars and parsers as
assignments for students

No. Description Examples Incorrect
solution

1 Formulas of temporal logic LTL Gq, (Fp), (trueUq) ()Fp

2 A set of chains above the alphabet {a;b} in
which, if there is a subchapter ab, there is also a
subchapter bb

abbb, bbab, bbaaa ababab,
aaab

3 The language of arithmetic expressions given
priority

(a + b)*c, a + b*c a + (b*c),
(a + b) + c

4 Predicates with quantifiers and two variables x
and y (generality and existence quantifiers are
denoted for convenience A and E)

Ax(EyP(x;y) v Ax
(Q(x;y)

AxExP(x)

5 Binary sets that define self-contained functions
of 1, 2, and 3 variables

(10), (1010),
(11,101,000)

(1110),
(101,010)

6 Bracket expressions determining the matrix
multiplication sequence

((AB)(C(DA)) ABC,
(AB)C

7 Arithmetic examples with rational numbers (2/34 + 17,000/
(5 + (12 + 7/130)/
22))

12/0,
12,300/1

8 Complete bracketed records with multiple
bracketed levels: each level has the same
bracketing type and alternates when moving to
a new level

[([(a + b)*(c + d)]/
[a + c]) + (a*
[c + d])]

[(a + b)*
[c + d]]
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out immediately and without errors. You can conventionally call such students
“mathematicians;”

ii. students for whom building a model turned out to be as new as solving tasks.
The individual task was done long, with errors and corrections after the tea-
cher’s remarks. Some steps were performed formally; and

iii. students who, in principle, did not want to start with a model and built a
syntactic analyzer first. It worked correctly in simple cases and with errors in
more complicated ones. By no means, the students did not want to take the
position that building a model allows you to automate the process of program
development and avoid errors in it and, therefore, to avoid the testing stage.
Grammar was often built by such students after building a parser, and it
usually turned out to be inadequate to the program of syntactic analysis. These
students were asked to formulate rules to move from grammar to a program of
syntactic analysis for ANY grammar from the LL(1) class. Only then could
students in this group move from a straightforward software development
process to a pre-modeling process.

4.3 Summarising Remarks

The presented theoretical analysis shows that applying the approach from the point
of view of mathematical modeling is possible not only for such classical areas as the
description of processes by differential or difference equations but also for areas of
discrete mathematics. The main features of this approach that have been identified
are the following:

• the presence of an informally described problem, the solution of which cannot be
verified by the usual method “by the answer,” but only by the degree of con-
formity of the solution to the specified conditions;

• the possibility of implementing the general approach to the problem presented
by Poya [37], using the principle of “progress,” associated with the informal
evaluation of intermediate solutions, to assess the effectiveness of progress; and

• the possibility to conduct mental or computer-based experiments to verify the
conditions to be met by the solution

The main in applying the approach to the problem from the point of view of
mathematical modeling is much more conformity with the psychological mecha-
nisms of formation of new concepts at the student compared with the traditional
deductive presentation of the theory with the formulation of definitions and theo-
rems. Thus in the resulting example, it is shown what problem situations lead to the
formation of such important ideas as “description of infinite language by final
grammar,” “recursive definition,” “empty string symbol,” “iteration.” As a further
step, It would be possible to compare the definition of the algorithm through
Markov’s normal schemes with the description of the grammar language, which
clearly shows the difference between the description of the problem and the
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algorithm for its solution (D. Knuth wrote in the preface to [40] that he considers
this definition of the algorithm the most convenient).

This practical experiment has highlighted one interesting category, which can be
conditionally called “hacker programmers” who begin to work without building a
model. Their results are always distinguished by many errors and corrections,
which suggests that the approach to teaching through the model building is useful
not only for learning mathematics but also for teaching programming. Grammars
were not chosen as an example by chance. Indeed, grammar provides a way to
describe many objects, and the algorithm of syntactic analysis is based on it. At
modeling any process, the attention also addresses the description of a problem
instead of its decision, which is already the next stage and is now carried out by
systems of support of modeling automatically. Thus, the construction of grammar
with some properties is a modeling element. Replacement of one grammar by
another is the iterative process corresponding to the circular scheme of
stage-by-stage modeling. The process of model verification of each stage, by its
conceptual focus, includes the process of mental simulation. This learning activity
is supported by CT-based pedagogy, which provides a set of tools to enable the
process of computational grounding.

5 Conclusion

This chapter is about models and simulations. Usually, models and simulations are
presented in the form of mathematical or software constructions and can be con-
sidered cognitive artifacts that enhance human mental abilities [6]. Using models
and related simulations could enhance students’ understanding and provide foun-
dations for solid and consistent knowledge. However, such an approach considers
the model or simulation as a kind of cognitive enhancer, which is not always true in
general. Thus the impact of the cognitive artifact on students’ understanding in an
educational environment is not as straightforward as it might seem at first sight. It
can be analyzed from different points of view: the system view and the personal
view. Since educators are usually keen to improve teaching, the motivation to
incorporate the most effective educational tool is always present. If we consider
simulation as a software-based educational tool, if it is viewed as a cognitive
artifact, then obviously, from the educator’s perspective, because such a tool en-
hances students’ abilities, the educator is usually willing to include it in the learning
process. If considered from the learner’s perspective, such a cognitive artifact is
merely an additional activity for the learner, and the view of its effectiveness is
usually biased.

The following illustrative example ([6] as cited in [41]) explains the point.
Consider the checklist. Aircraft pilots, as an example, use it for pre-flight consul-
tation and, if viewed as a cognitive artifact, it enhances their performance. From a
system perspective, it clearly enhances the cognitive abilities of pilots, as it makes
the flight preparation process more efficient. On the contrary, the pilot himself sees
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it as just another duty requiring attention. If one does not use a checklist, one must
do the work required to complete the task and learn and memorize in advance. The
process of using the list is different, as the list has to be considered and prepared in
advance (performed by a third party), firstly the pilot has to be instructed, and
secondly the pilot must remember to read and perform the tasks on the list before
the flight. To summarize, we see that from the system’s (read: teacher’s) point of
view, the list is a very effective tool. At the same time, from the pilot’s (read:
student’s) point of view, because the set of activities is limited and the pilot only
has to remember to read the list, there is no improvement of cognitive abilities as a
result of such activity, but instead, there is the degradation of mental abilities and
memory deterioration.

To solve the described contradiction, it is essential to apply a broader perspective
on modeling and simulation, paying attention to epistemological and sociological
foundations of educational modeling and simulations. Such epistemological focus
enables a set of CT skills in the form of relevant abstractions and conceptualizations
to be developed. At the same time, introducing the “realistic” model of scientific
research into the educational practice provides a kind of cognitive grounding and,
consequently, the corresponding formation of knowledge and skills of students on a
solid and long-time basis. This is important for such traditionally “theoretical”
fields as mathematics. In addition to being important per se, mathematics and its
education are also important and an applied discipline within the STEM curriculum,
as it provides foundations for mathematical modeling and computer science. The
difficulty here is that mathematical constructs tend to be abstract and difficult to
understand, thus decreasing students’ motivation.

The CT-based educational environment, presented in this chapter, provides a
practical example of how modeling and simulation (in the epistemological sense)
enable the practical transformation of existing and new cognitive structures, en-
hancing student understanding of complex abstract concepts. At the same time,
some sociological aspects are highlighted. While maintaining a pragmatic stance,
one could practically observe how such the CT based educational environment,
following Latour [42], provides a field for a number of “inscription devices,” such
as ideas, artifacts, humans, and social groups to destroy, emerge, transform,
develop, and ultimately formalize in the form of new structures that influence and
impact the behavior, foresight, and fate of all the participants. However, it is worth
mentioning that this study focuses on methodological and epistemological aspects
of CT as related to modeling and simulation for scientific education. The detailed
study of the described sociological aspects is positioned as further research.

Core Messages

• The pedagogy of computational thinking is aimed to provide a framework
for grounding students’ cognitive processes.

• Computational thinking is positioned as an integrative skill for enhanced
STEM education.
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• Mathematical modeling and simulations in science education are posi-
tioned as learning models for scientific research.

• The instructional approach in teaching discrete mathematics is based on
conducting mental and computer simulations.

• A computational thinking-based educational environment impacts stu-
dents’ behavior, foresight, and fate.
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24Contemporary Artists’ Work:
A Critique of the Possible in STEAM
Education
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The question is not what you look at, but what you see.

Henry David Thoreau

Summary

Arts integration in PreK-high school classrooms has initiated a multidimensional
approach to education learning and practices. This chapter focuses on: i,
documentation of advocacy for the curricular practice of Maker Space to
STEAM (science, technology, engineering, the arts, and mathematics) teaching
and learning; ii, exploration of exemplar practices; and iii, investigations of
contemporary artists’ work as a valuable platform for expanding analogous
aesthetic understanding. Intertwined with critical inquiry, arts integration and its
imprint in Maker Space and STEAM lessons place itself as a further innovation
pedagogy. The hands-on transdisciplinary basis of arts integration learning
permeates project-based and problem-based learning and other frequently
implemented classroom practices to advance student learning. The revisited
curricular constructs speak to the interdependent twenty-first-century educational
goals to build a sustainable future.
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1 Introduction

Arts integration in PreK-high school classrooms has stimulated multidimensional
educational research and implementation practices. This chapter focuses on: i,
documentation of advocacy for the curricular approach of Maker Space to STEAM
(science, technology, engineering, the arts, and mathematics) teaching and learning;
ii, exploration of exemplar practices; and iii, investigations of contemporary artists’
work as a valuable platform for expanding analogous aesthetic understanding.
Intertwined with critical inquiry–a process through which information and ideas
that have their roots in multiple sources and domains come to be experienced
together–arts integration and its imprint in Maker Space and STEAM lessons places
itself as a pedagogy for further innovation. The hands-on transdisciplinary basis of
arts-integrated learning permeates project-based and problem-based learning and
other frequently facilitated classroom practices to advance student learning. The
revisited curricular constructs speak to the interdependent twenty-first-century
educational goals to build a sustainable future.1

The historical background of the goals of art education is a study in itself. In the
newly formed United States of America, art education centered on the practical
skills needed for nation-building seen in silversmiths, carpenters, woodworkers, and
saddle-makers with honed attention on well-designed tools for farming and
building. By the early nineteenth century, the first academic art school, The
Philadelphia Academy of the Fine Arts (1805), provided instruction in oil painting
and classical sculptural techniques in emulation of British, French, and Italian art
schools. Regional folk styles in the growing United States intertwined aesthetic
inventiveness with indigenous and traditional materials and subjects. The invention
of photography employed by journalists and artists by the mid-nineteenth century
captured domestic political conflicts alongside the expanse and diversity of the
country’s landscape and inhabitants. With growing economic growth, the Grand
Tour of Europe by wealthy and/or adventurous American artists in the late 19th and
early twentieth century provided first-hand encounters with classical archaeological
histories as well as burgeoning stylistic changes to traditional academic teaching
methods. The country’s economic, political, and aesthetic needs depicted, at times,
controversial ideas of manifest destiny, democracy, and economic prosperity. The
global reach of the United States in the twentieth and twenty-first centuries has
deeply informed the aesthetic proclivities and perspectives of working artists.
Educators in all content areas acknowledge the interdisciplinary necessity of global
understanding, have re-constructed curricular paradigms to address global chal-
lenges, particularly climate change, pandemics, borderless technologies, and food
insecurity. The all-embracing language of the arts represents a communicative
humanitarian strategy to dialogue with and generate possible solutions to con-
temporary problems.

1 https://www.un.org/sustainabledevelopment/education/.
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2 Advocacy for STEAM

The Ted Talk (2002) “teach art and science together” by Mae Jemison, an astro-
naut, a physician, and earlier in life, a dancer, reveals her equal passion and love for
dance and the sciences. She finds it critical and vital to reintegrate the sciences and
the arts in schools and questions what are people contributing to society right now if
we do not understand that science and the arts should be taught hand-in-hand? Dr.
Jemison debunks mistaken thinking that science is analytical, not creative, and the
arts are creative but not analytical. Science is a universal experience, while the arts
are a way to share individual experiences. She underscores this way of thinking by
saying art and science require an intuitive leap, and both can be creative and
analytical. Dr. Jemison’s talk bolsters self-awareness and encourages people to take
risks and put ideas into action.

John Maeda (2012), technologist, designer, executive, and past president of the
art college Rhode Island School of Design (RISD) (2008–2013), speaks to how a
world-class science, technology, engineering, and mathematics (STEM) workforce
aims for “economic prosperity, international competitiveness, a strong national
defense, a clean energy future, and longer, healthier, lives” for our citizens.2 As an
educator, he is keenly aware of competitive academic and political initiatives. As
president of RISD, Maeda understood the school’s culture as one of the makers, an
idea articulated through something made with your hands, a dialogue between eye,
mind, and hand. This leads to ideas about design that creates innovative products
and solutions in and outside of the art studio. He initiates STEAM thinking where
the arts are catalysts to fostering creative solutions to everyday problems [1].

Empowering students through design thinking is part of Maker Spaces, STEM,
and STEAM classes. A Pennsylvania school district, for example, created a
framework called launch with cyclical thinking: “look, listen, learn, ask tons of
questions, understand the process or the problem, navigate ideas, create a prototype,
highlight, and fix.”3 The program led students to make a “hybrid skateboarding
park model” that created a ranking of roller coasters worldwide and solved graffiti
problems by painting a mural accompanied by a digital launch [2]. STEM to
STEAM thinking evolved with the continued goal of collaboration amongst dis-
ciplines so that subjects that were previously taught in isolation are now taught in
an integrated curriculum.

3 Divergent Goals of STEAM

The tension in a STEM + the arts classroom [3] has side-stepped around whose
creativity is being enhanced, engineering or visual art students. How does
arts-based innovation further our national goal for economic well-being in creating

2 https://www.energy.gov/diversity/office-economic-impact-and-diversity.
3 https://mainlineparent.com/exploring-ancient-egypt-with-the-haverford-schools-third-grade/.
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new industries? “Cultivating creativity for the primary purpose of promoting eco-
nomic growth” has been questioned by STEAM practitioners [3]. The practitioners
noted how aesthetic problems and project-based hands-on learning were embedded
in the design studio activities of the study. The study recognized that personally
relevant connections were being made among “materials, design, society, and the
natural environment” for engineering and art students [3]. Nonverbal and intuitive
thinking were parts of the engineering design process connecting to a “higher-order
understanding of specific points of congruence” with the art students [3]. Art should
not be looked at “as a panacea for increasing the creative abilities of STEM stu-
dents” [3]. Indeed, STEAM learning leads students to think about their professional
identity in a critical manner where creativity, as noted by Jemison, is understood to
be part of all individuals’ capabilities.

STEAM classes’ goal is to increase school participation to ensure all students are
engaged and involve more students of color and women in traditionally
male-dominated academic areas. STEAM forwards the idea of connected learning,
drawing on students’ interests in authentic, real-world problems, and taps into
outside-of-school learning through technology such as video production, digital
sketching, and diverse and creative visual art materials [4]. Technology is under-
stood as a social process, a communicative tool of everyday life. STEM and
STEAM stress to make these connections, most insightfully, that art education,
engineering, science, math, and technology are conceptualized as a social practice
[5]. Social practice in STEAM classrooms is mainly concerned about how to
engage the community is essential and can be facilitated and how ecologically
sustainable development is achieved. For this matter, STEAM is learning of
thinking through materials and considering the audience.

Educators, Sousa and Pilecki [6], have promoted in their book STEM to
STEAM: Using Brain-compatible Strategies to Integrate the Arts the need to
underline how the arts pave the way for the development of cognition, social
aspects, creative thinking, and long-term memory, as well as stress management.
By combining divergent and convergent thinking, scientists and artists have an
expansive way of investigating problems. STEAM projects bypass standardized
assessments utilizing new-found skills in problem-solving and our ever-evolving
technology to serve critical issues best. The authors address the multifaceted nature
of the visual arts – printmaking, photography, painting, sculpture/wood, stone,
glass, metal, film, graphics, media arts, animation, environmental and industrial
arts, urban space, landscape design, folk art, jewelry, and fiber arts highlighting the
scope of the materiality of the visual arts addressed in the national arts standards.
Closely examining the range and multiple forms of the materiality of art-making
introduces non-art teachers to the scope of the visual arts and the benefits it might
confer in other content areas. Through the social interaction of educators by
incorporating the arts into the classroom, teacher collaboration benefits from each
person’s expertise.
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4 Maker Spaces

Maker Spaces are a child’s introduction to tool-based problem solving through
tinkering, making, and engineering in early childhood education settings.
“Tinkering” has been used to explain the engineering cycle of asking, imagining,
planning, creating, and improving. This cycle establishes the pedagogical anchor
that continues to be a part of elementary, middle, and high school classroom
learning. Maker Spaces have been part of the design of STEM education for young
learners; it has shown to be a catalyst for engagement and participation for students.
The process of building and taking things apart in Maker Spaces is more important
than the final product. Collaboration, communication, and experimentation are
inherent components of a Maker Space environment. Reusing and repurposing parts
of tools and machines are common practices to advance problem-solving skills,
creativity, and risk-taking. The early childhood classroom Maker Space poses
design challenges so that children make prototypes to see if they work or need
revisions. Some design challenges are creating floating boats, birdhouses for dif-
ferent size birds, pet carriers, roller coasters, chairs, and shoes.

Heroman [7] provides a design challenge planning template for Maker Space
projects:

• Identify a picture book where the characters have a problem;
• What is the problem in the story?;
• What are materials required for dealing with this problem?; and
• How do you encourage children to tinker with the materials?

An example of a Maker Space lesson required students to re-envision fairy tale
plots such as Cinderella, Hansel and Gretel, and Three Billy Goats Gruff while also
focusing on climate change issues. One of the design problem-based lessons
described an alternative expedient escape route for Rapunzel from the tall tower
where she was sequestered to the ground to avoid the notice of the sorceress.
Rapunzel devises another way to escape with her prince instead of her long hair (or
the rope she is weaving) being the ladder that her prince and the sorceress climb to
reach her. She has watched how rainbows appear as arcs in the sky after heavy
rains. She imagines a rainbow sliding down to the Earth from her high tower. Since
life on the ground is engulfed by polluted air accentuated by burning wood causing
atmospheric changes (dating from the eighteenth century when the fairy tale was
written), people will not be able to see Rapunzel escape. People see “rainbows
when sunlight passes through raindrops,” which become “tiny prisms that bend the
rainbow’s seven different colors—red, orange, yellow, green, blue, indigo and
violet in white light so the light spreads out into a band of colors that can be
reflected back for a person to see” [7]. The rainbow arc becomes Rapunzel’s
arc-shaped slide down to Earth, enabling her to escape from the tower.
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The Maker Space design problem allowed the children to create a multicolored
rainbow out of ribbons or pipe cleaners and measure the distance of the prismatic
arc. Rapunzel used the rainbow to slide on (the hypotenuse of the triangle) versus
how far the prince or sorceress had to go (two legs of the triangle) to climb up or
down the tower. The anticipated quandaries by students on the lesson were how
high the students would want to build the tower to add to the excitement of the
escape with the math problem and solution remaining the same. Additional dis-
cussions would focus on how water vapor forms which causes rain, the dissipating
mist after a rainstorm, and how to diminish air pollution to see rainbows. This
lesson is a building block towards a STEAM lesson where science, technology,
engineering, art, and math are more developed and aligned with the Next Gener-
ation Science Standards (NGSS) and national math and art standards.

5 Contemporary Artists’ Work: A Critical Resource
for Transdisciplinary Teaching and Learning

“In the Impressionist artist Claude Monet’s painting La Gare Saint-Lazare (1877)
billowing clouds of steam emerge from the locomotives entering and departing
from the busy Parisian train station. The steam from the trains blur the outlines of
other train cars, the curved tracks, and triangular roof of the station” [7]. Monet’s
painting technique revolutionized aesthetic tradition, from valuing a work of art for
its exact reproduction of imagery to that of a personal, often ephemeral, impression
of an image or object. The curricular and pedagogical construct of STEAM aims to
expand ideas of creativity. By students transcending the limitations of any singular
content area, STEAM lessons widen their thought processes grasping analogous
relationships in various content areas to empower learning. The following examples
of STEAM practices align with selected contemporary artists’ work and science and
math K-12 standards to broaden aesthetic understanding.

6 Local and Global Geology

One’s immediate surroundings form an initial understanding of geography.
In NGSS, identifying both the geography and geology of the environment is crit-
ical. A landform lesson for second graders, working in groups of three, moved from
their regular classroom to a separate room to create various landforms on sand
tables. The temporary structures showed how the students molded shapes of sand
into trapezoid/plateaus, valleys between mountains, and gullies from flash floods in
deserts. The discipline-based vocabulary of scientific terms, direct manipulation of
materials/sand, and the discussion of visual observations of the causes of physical
changes due to erosion, platonic shifts, wind, ice, and rain were essential parts of
science and art learning.
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A landform lesson for 3rd–4th graders required additional cause-effect learning,
new vocabulary. It prompted students to invent hand-drawn imaginary maps about
the Earth’s surface, e.g., bays, peninsulas, mesas, volcanos, deserts, and canyons.
The students transformed the contour lines of their topographic maps into
three-dimensional (3D) terrains using corrugated cardboard, glue, papier mache,
rulers, and foam core. All were created to scale with the hands-on components of
painting, measuring, stacking, and gluing. Rollings [8] understands this lesson as an
example of embracing the synergy of science, technology, engineering, art, and
math.

Advancing visual literacy about landforms can be enhanced by including the
study of photographs and understanding the work of the British artist Richard
Long.4 He walks to create his work. The land is the fodder for artistic thinking and
shapes his understanding of life. Long has said that he makes.

Art about mobility, lightness and freedom.
Simple creative acts of walking and marking
about place, locality, time, distance and measurement.
Works using raw materials and my human scale
in the reality of landscapes.

Richard Long

His photographs are of the places he has walked. They are documentation of the
Himalayas, the Adirondacks, the Sahara, upland in Devon, United Kingdom, and
other paths. He constructs linear and circular forms built with grass, rocks, snow,
sticks, mud, and sand on his walks. He brings the outside into his large installations
with vertical and/or horizontal orientations. Art is in concert with time and space for
him, seeing motion and stillness sharing the same moment. His work is associated
with land art and performance art. The artist’s visceral and spiritual connection to
the land augments the formal academic constructions of landforms’ labeling.

7 Finding Space

A 4th-grade class examined modern paintings of the De Stijl movement by Theo
Van Doesburg (1883–1931) and Piet Mondrian (1872–1944) to create a map of
their local community generating visual fraction models to explain equivalent
fractions. The instruction used fraction bars with real-world urban situations.
Sketching on grid paper and observations of the inner-city landscape of the school
were essential parts of the lesson. Assembling felt pieces to the paper created
equivalent fractions that depicted an alignment with the Van Doesburg or Mondrian
painting and the cityscape using fractional thinking. This lesson can extend to
agricultural space where farmers need to divide acres of land for specific crops.

4 www.richardlong.org.
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The rectangular shapes and fractional thinking essential to the above-described
lesson has resonance with the work of the contemporary artist Fred Sandback5

(1943–2003), who has been said to carry his art in his pocket. He makes art with
pieces of string. He is consumed with the physical details, the angle of vision, and
the natural lighting of the architecture of his almost invisible work of outlining
space with string. He is eager to understand the viewer’s movement when seeing
these more than life-size string contours of planes of space. Space is something we
create and can be seen as illusionary; the most comfortable of perceptions, Sand-
back has said, are shadows. He has taken great effort in his planning of the mea-
surements and ratios of the planes formed by his colored yarn or elastic. The
materiality of installations is ephemeral and will be discarded after use; the titles of
all his work are ‘untitled.’ Like a Van Doesburg or Mondrian painting, the idea
behind the work is to experience space is a planar illusion.

8 Bones—The Skeletal System

A 4th-grade science lesson explains how the human skeletal system of 206 bones
supports an individual and allows for intricate bodily movement. The Life Science
lesson is aligned with the NGSS objective, how interactions of human/systems
carry out everyday activities. Identifying the major bones of the human body
presented and reinforced through an educational video and diagrams provided the
necessary visual information for the students to start to create their own 30-s
stop-motion animation with an accompanying soundtrack. The skeletal figure with
movable limbs and torso were cut from cardboard and attached with split pin
fasteners. The stop-motion animation was created by photographing the movements
of the cardboard human skeleton on an iPad and importing them into the animation
application. The images needed to be paced with the speed of the music. As student
choreographers had to calculate beats per minute for their chosen musical score to
figure out the number of frames per minute were required for their cardboard
skeletal dancers. Students’ verbal explanation of animation presentations assisted
their comprehension of the elaborate skeletal structure of the human body. An
extension to the skeletal lesson can look at the long-standing academic practice of
studying and drawing the human form in visual art schools, academies, colleges,
and universities.

The modern artist Nancy Graves6 (1939–1995) was both a painter and sculptor.
She had a youthful fascination with flora and fauna that evolved into a mature
natural world investigation. She created “camel, fossil, totem, and bone sculptures
that were hand formed and assembled from unusual materials such as fur, burlap,
canvas, plaster, latex, wax, steel, fiberglass and wood.” In 1970, her installation
Variability of Similar Forms made of wax, steel, marble dust, and acrylic paint on

5 www.lissongallery.com.
6 www.nancygravesfoundation.org.

24 Contemporary Artists’ Work: A Critique of the Possible … 453



wood was a sculpture of several bent and straight leg bones and feet of large
animals; the imagined grouping of the large leg bones of ostriches, giraffes, or
prehistoric creatures are positioned as if the animals are standing around a watering
hole. It appears as an unusual archaeological excavation site since the bones defied
gravity by standing upright. A fascination with the structure of living forms and the
intersections of art and science informs many of her paintings and sculptures.

9 Chemistry of Color/Pigments

Essential to scientific and aesthetic observations is how color/pigments are formed
based on chemical reactions. An academy for 4th–6th grade girls conducted a
physical science “investigation to determine whether mixing two or more sub-
stances results in new substances;” the young women were to develop a multi-
colored palette for painting [9]. They experimented with acids/vinegar and
bases/baking soda to change the color of vegetables, mixed soil and water to make
mud, and added bubble solutions or dishwashing liquid to paints to make new
colors. The students mixed, heated and/or cooled various ingredients in a kitchen to
question when a new substance has been formed based on a chemical reaction
indicated by a change of color, texture, odor, and/or density of a plant’s parts. The
students employed “commercial indicator strips to measure the pH (a scale used to
measure acidity or basicity) of their painting materials” [9]. The students organized
their findings by filling out a table tying observations of chemical reactions with
argument-based reasoning to the various possible paint mediums.

The students then painted a multicolored design with their assembled tested
substances. The gallery of student artwork showcased the results of chemical
reactions with different substances. The aesthetic component of this STEAM lesson
enabled students to generate design solutions based on observations of chemical
reactions of acid and base elements to pigments. Measuring and observing the
quantity of acid and base ingredients and the density of the pigments augmented the
dual science and maths learning. The engineering cycle of planning, creating,
improving, asking, and then further employing the new pigments was intrinsic to
the design process of the lesson. Further research into the development of pigments
and pigment sources can be explored through changes in paint bases and tech-
nology chemistry.

Color is essential to many visual art forms besides painting. Sheila Hicks7 is a
fiber artist who started her career in tapestry. She has lived in Guerrero, Mexico,
and Paris, which has influenced the materials and coloration of her weavings and
fiber sculptures. Colors such as saffron, forest-green, metallic tints, and deep blues
are interwoven into her patterns of textured and thick and thin lines of the sculptural
textiles. Hicks’ predominately large weavings twisted and stretched often are
assembled, appearing as bundles, or vertical waterfalls, or thick fibers spilling out of

7 www.sheilahicks.com.
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tightly tied ends. They are often made with durable synthetic fibers placed in
interiors and outdoor landscapes. With polychromatic inclinations, Hicks’ sculp-
tural work squirms across a floor, climbs a wall, dangles from numerous hooks, and
intermingles air and space with natural materials and dyed fibers.

10 Heat and Sand = Glass

A STEAM collaboration on volcano simulation, Earth and Space Sciences, through
a glass-making experience with middle and high school students in Newark, New
Jersey [10], highlights the inspiration and importance of understanding place-based
natural settings. The unique collaboration with GlassRoots, a non-profit glass art
studio with two glass furnaces, included hands-on geoscience:

• “learning about the heat of a volcano and lava, lava flows and the dangers they
pose, forms of falling volcanic bombs, volatiles in lava, and interaction of lava
with water;”

• “to give students an appreciation of the heat involved in igneous processes and
an understanding of the properties of molten glass as a proxy for magma and
lava, as well as solid and solidifying volcanic rock;” and

• “to give students an understanding of the fluidity and mechanical properties of
lava, the results of interactions between lava with gases and lava with water, the
mechanical properties and processes of hardening and crystallizing lava, and the
geologic formations produced during a volcanic eruption” [10].

In the GlassRoots’ studio, the “torch shop exercise” enabled students:

• “to learn the mechanics and form of falling volcanic bombs by producing Pele’s
tears (also known as Apache’s tears in geology and Prince Rupert’s drop in glass
art), and Pele’s hair out of glass;” and

• “to see how the acetylene torch can heat the end of a glass rod enough to melt it.
Once the glass melts, it drips downward in a teardrop shape with a trailing,
thread-like tail of glass while hardening. As the glass rod is pulled away from the
flame, the thread connects the droplet with the rod and must be detached” [10].

Liquid droplets of the glass fall due to the force of gravity, making the teardrop
shape. The size and texture of the glass drops are called Pele’s tears because of their
similarity to the lava drops from real volcanos. Obsidian and glass, stored in the
cold shop of the studio, had conchoidal smooth curving fractures after being hit
with a hammer. These features are similar to the shapes from the cooling of the
glass observed in real-time during the glass studio experience. The dynamic
interaction of water to cool the lava/molten glass and the factors controlling the
speed of the volcanic lava were incorporated into the students’ knowledge base.
The multifaceted aesthetic outcome of the STEAM lesson was the effect of heat to
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change the shape of the glass, to see the infusion of color in the glass, and the
excitement in making a glass necklace of Pele tears.

Glass as an art form can be readily accessed by examining the artist’s work,
glassmaker Dale Chihuly.8 Higher-order Bloom questioning based on exploring
Chihuly’s work can

• advance students’ transdisciplinary learning;
• describe the process of glass-making;
• compare one of the artist’s bowls to a sea animal; and
• enable students to alter the color or texture of glass and do the glass-making

process as a collaborative art.

Such questions are, for example:

• what is a blowpipe?;
• how does glass take on different shapes?;
• how does the artist use centrifugal force, gravity, and fire?; and
• do you look at glass objects in your own home differently than before studying

the art of glass sculptures?

Dale Chihuly’s work has been seen as public art through temporary exhibitions
in Jerusalem, Israel (1999–2000), Venice, Italy (1996), and many installations in
parks. The artist’s wide range of coloration and organic forms echoes and advances
the use of glass as both functional and artistic, as seen in his chandeliers, bowls, and
varied-sized sculptures.

11 Curricula Constructions

Distinctions between interdisciplinary, multidisciplinary, and transdisciplinary
curricula constructs are often not differentiated and thought to have the same
meaning. An interdisciplinary approach is more directed towards learning through
collaborative activities and interactions between different disciplines (art and sci-
ence, math and art, science and math) and is best implemented in schools when
there is organizational support from the school administration. Multidisciplinary is
defined as “a combination of various disciplines and separate components of
learning, which allows students to work within discipline specific parameters and
attain discipline specific goals” [11]. Communication between the specific disci-
plines in multidisciplinary learning occurs but not necessarily collaborations.
Through a transdisciplinary approach, learning leads to benefits similar to those an
interdisciplinary approach can offer. This learning encourages students to learn and
acquire knowledge and skills to produce new knowledge. STEAM teaching and

8 www.chihuly.com and YouTube videos.
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learning has developed a multidimensional perspective attempting quality interac-
tions amongst disciplines with the added transdisciplinary aspect of problem-
solving, forming new knowledge. In this way, the United Nations sustainable
development goals (SDGs) mentioned at the onset of this chapter support a
transdisciplinary perspective resulting in quality global education.

The alignment of contemporary artists’ work with the STEAM-designed lessons
detailed in this chapter is motivated by the intellectual desire to inform and expand
educators’ aesthetic purview. The inclusion of challenging and distinctive artists’
perspectives is intended to enable transdisciplinary thinking to integrate new con-
ceptual and theoretical models and extend discipline-based specific thinking. The
Project Zero educator, Mansilla [12], has suggested the need for a fulfilling life is to
nurture synthesizing minds. Curricular resources rarely delve into new aesthetic
perspectives, particularly by contemporary artists. However, these individuals
address critical issues, such as climate change, food insecurity, industrial innova-
tion, responsible consumption, and production. Transdisciplinarity is a dynamic
form of inquiry demanding corrigibility and the ability to create analogies in a range
of academic disciplines.

12 Clay-Making Processes and Products

Critical cultural teaching and learning culminated in a seminal ceramic art-making
experience near Puget Sound in the state of Washington during two summers to
mobilize non-dominant community youth’s everyday interests and practices with
ways of making knowledge from storytelling, walking, and clay-making [13].
Indigenous artists discussed design principles and past, present, and future tech-
nologies in clay-making and weaving. Indigenous scientists engaged with the
participants on the need to walk and observe the land, clay, and beach deposits and
water-acidity of the tidal pools and its living inhabitants to critically understand the
timelessness of intergenerational communal activities of molding and working clay.

Clay-making became a type of cyclical storytelling, elaborating on the process of
making clay and reading the land and waters that inform its design and pattern. The
youthful participants noticed how impermeable clay is and how dependent a good
aquitard with chemical changes is on the embedded minerals. The animate and
agentic nature of clay holding onto a spirit embedded in the clay was reinforced
through storytelling. Clay’s role in the ecosystem and its relationship to land and
water manifest in its materiality was central to the STEAM workshop. The par-
ticipants needed to make intentional decisions in their object-making with clay
channeling ancestral stories and ecological systems. Plants and sea life (starfish)
and trees and animals, e.g., otters and wolves, were potential inspirational designs
to be part of the clay sculptures. Students formed incense burners that evoked the
shapes of animals and the spirits of nature, and the elders. The life story of
endangered animals was infused into some of the sculptures re-conceptualizing the
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life source of art-making. Clay-making is a science by understanding its properties
as part of an ecosystem. It is also infused with human interactions recalling
indigenous ancestral stories.

The American artist Betty Woodman9 (1930–2018) understood that forming
pottery and inventive sculptures using ceramics employed her intellectual, techni-
cal, physical, and aesthetic skills early in her life. She performed ambitious
experiments with clay that greatly enhanced her work’s color, shape, and scale. The
long history of creative uses of clay as an artistic medium was reinforced by
Woodman’s travel to Italy (Etruscan), Spain (Majolica), and Greece (Minoan). Her
fascination with Minoan pottery’s inherent movement and design and the glazes of
diverse cultures influenced her own work. She is inventive not only by disturbing
the function of the pottery but also by creating sculptural pieces that exude a sense
of humor and display unique coloration and juxtapositions. Her experiential
investigations of the locale where the clay has been employed as an artistic medium
create a new art history of the medium.

13 Evolution and the Dinosaur Fossil Record

“Are birds dinosaurs” is a provocative question for any child over the age offour when
dinosaurs become an animal of great fascination? Since the 1990s in northern China,
fossil records have been found indicating feathered imprints in an avian animal’s rock
with otherwise dinosaur features. The DNA sample suggests that the feathers had
various colors. Hollow bones, hip sockets that let an animal stand on two legs, wing
structures, beaks that take the place of teeth, claws that appear at the end of wings,
three-toed feet with leathery skin like chickens, and giant eggs found in clusters of
nests are some of the shared characteristics of birds and dinosaurs that roamed the
Earth at one time. Fifth-grade students became novice paleontologists studying the
evolution of avian dinosaurs and birds through the American Museum of Natural
History website.10 The website has videos, text, and interactive activities to guide
students through the timeline of animal life on Earth, the Big Bang theory of the
destruction of the dinosaurs and the adaptive changes to food sources, climate, and the
structural and chemical bodily capabilities of avian and non-avian dinosaurs. As
amateur paleontologists, students were given clear straws (hollow bones of legs,
body, wings, colored feathers, clay, and textured plates/leathery skin), cardboard
(beak, claws, and teeth), and tape and glue to design and assemble a prototype of one
of the stages of imagined evolutionary development of avian dinosaurs with an eye on
current bird species. The group project required careful investigations into the
timeline of various groups of dinosaurs, the conjectures of past paleontologists during
their discoveries, the actual fossil record, and the structure of various birds today. The
iterative steps of the engineering cycle of ask, imagine, plan, create, and improve is
part of this STEAM-based lesson on avian evolution.

9 www.salon94.com.
10 www.amnh.org.
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The Chinese artist Xu Bing11 destroys preconceived notions of historical truths.
He used a lightbox of found natural materials such as grasses and tree branches to
mimic a classical Chinese landscape painting. He created a social commentary on
tobacco use by constructing a 40’ simulated tiger-skin rug made of over half a
million cigarettes generating a conversation about the appeal of tobacco and its
deathly effects. One of his most monumental works are two phoenixes made from
construction debris sourced from a Beijing high-rise building site. He rethinks what
cast-offs are, human exchanges, and social connection is. He is in constant dialogue
with the past as artistic and cultural history. The Phoenix Project (2007–2010) is
26’ � 93’ and 26’ � 100’ and was commissioned for a lobby for a new high-rise
building in Beijing. When Xu Bing visited the site, he was appalled by the living
conditions and sacrifices made by the migrant laborers working on the building and
changed the direction of the art installation. The “discrepancy between these
workers’ plight and the luxurious lifestyle”12 of the to-be inhabitants of the new
building became the aesthetic, conceptual basis of the artwork and concurrently the
harmful effects of China’s expeditious urbanization. The Phoenixes were assembled
using industrial tools and the cast-off building materials from the construction site,
e.g., “pipes, shovels, tire rims, jackhammers, saws, pliers, and drills” conforming to
the ornithoid anatomy and fastened together with great precision. The birds’ talons
are steel claw scoops, and the body includes hard hats, fire extinguishers, fans, and
goggles [14]. The work of collective labor is evident in the building of the enor-
mous sculptures and the work of the Beijing high-rise apartment building. The
intention of Xu Bing’s work signifies hope and unity to build a better world. The
reimagining of the conceptual direction of the sculpture is an example of the
rethinking of established understandings that can be extrapolated into social, aes-
thetic and/or scientific investigations.

14 Fibonacci and the Golden Ratio

“In mathematics, the Fibonacci numbers, commonly denoted Fn, form a sequence,
called the Fibonacci sequence, such that each number is the sum of the two pre-
ceding ones, starting from 0 and 1.”13 The Fibonacci spiral is referred to as “an
approximation of the golden spiral created by drawing circular arcs connecting
the opposite corners of squares in the Fibonacci tiling.”15 Fibonacci numbers clo-
sely correspond to the golden ratio, which is represented by the Greek letter phi: It
is called the golden ratio since it appears so often in nature. We can see the
Fibonacci numbers as tree branching patterns, leaf arrangement on the stem,
pineapple growing, artichoke flowers, an uncurling fern, bract–scale structure of a
pine cone, and sunflower petals.

11 www.xubing.com.
12 https://brooklynrail.org/2014/12/artseen/xu-bing-phoenix-xu-bing-at-the-cathedral.
13 https://www.geocaching.com/geocache/GC8BXP7_fibonacci-sequence-01-1?guid=a5f64d9e-
da0b-4d34-b8f8-50156ed2827f.
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The high school students need to “apply geometric methods to solve design
problems (e.g., designing an object or structure to satisfy physical constraints or
minimize cost; working with typographic grid systems based on ratios.”14 In a high
school math lesson, students worked to identify the Fibonacci pattern and design
formula. Students were shown visual images of the Fibonacci sequence in nature,
underscoring the phenomena of the observed pattern. Students drew the golden
rectangle part of the composition in Michelangelo’s painting The Creation of Adam
1508–1512. Students worked with a Golden Ratio template for designers using a
3D printer to understand works of art and patterns in nature.

Tara Donovan is an installation artist who evokes the natural world through the
multitudinous use of everyday materials such as clear drinking straws, Styrofoam
cups, clear buttons, silver-blue fish line, mylar, adding machine tape, plastic sheets,
scotch tape rolls, metal slinkies, and toothpicks.15 How light infiltrates through the
often translucent materials adds to her site-specific installations’ natural and
otherworldly quality. The repetitive use of her materials form clusters appearing, at
times, like low-hanging clouds, undulating waves, and mountains experiencing
entropy, mathematical formulae, and natural phenomena. The sculptures appear as
examples of exponential growth, with the dimensions of the pieces accommodating
the size of the gallery. Reminiscent of the Fibonacci occurrence in nature, many of
Donovan’s installations are seen as mold growth, termite colonies, and strange
crystal formations or pollution-caused haze; nature is paired, at times, with a sense
of dread or foreboding. The intrinsic aesthetic of the work stems from its innovative
use of the multitudes of clear or metallic quotidian materials creating analogies to
unbridled consumerism and a deep connection to the precarious rhythm of our
twenty-first-century world.

15 Bird Migration

Climate change was almost immediately noticed by ornithologists and citizen bird
watchers, indicated by disrupted temporal sightings of flocks of migrating birds.
Birds were leaving southern locations too early to find food and give birth to their
young to nurture reproduction. Temperature and climatic changes were providing
misleading seasonal signals for bird migrations. The birds were then confronted
with a dangerous loss of seed production in different climes and changes of winds
and rainfall inhospitable to their survival. The NGSS requires students to learn
about the lifecycle of animals in several elementary grade levels with increased
levels of synthesis of intervening factors in middle and high school. The study of
migrating birds includes both life and physical sciences and a visualization of the
Earth’s geography. Understanding and documenting the diverse migration routes of
birds such as arctic terns, hummingbirds, pelicans, warblers, and hawks required

14 https://tasks.illustrativemathematics.org/content-standards/HSG/MG/A/3.
15 www.pacegallery.com.
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students to employ Google Scholar and Google Earth research on the selection,
timing, and geography of the migrating birds.

Visually conceptualizing singular birds’ migration routes in the secondary
education classroom was developed by constructing large balloon globes to rep-
resent the Earth. Each continent was cut out of different color paper and glued to the
globe; students created origami birds (a generic bird form) that were taped to fishing
wire or yellow, red, or green covered electrical wire and attached to the balloon
globe indicating the seasonal flight paths of the researched birds. Students searched
for apps of recorded bird songs animating the classroom discussion on bird mi-
gration. Bird chatter is often heard at dawn, and dust is an indicator of the daily
passage of time. Migrating terns move longitudinally across the globe to both arctic
poles while other birds like the warbler have latitudinal migrations from East to
West, from Europe to the United States, while raptors fly from Eurasia to northern
Africa. Scientists observe the semi-annual migration and have suggested that
Earth’s magnetic forces, thermal currents, and temperature have propelled the
extraordinary journey. Viewing diving, swirling, and swooping flights of flocks of
birds embodies an aesthetic of freedom and a marker of anticipated seasonal change
around the world.

The artist James Turrell has created light installations understood as sculpture
uniting volume and the picture plane as a space for contemplation.16 The colors of
his light installations range from lavender to shades of green and beyond. His work
Meeting, 1986 uses natural light from above and opens up to the winter sky at dusk.
The Roden Crater Project (an extinct volcano) near Flagstaff, Arizona, began in
1977. It is ongoing through a series of tunnels and apertures to heighten our sense
of heaven and Earth. He often uses LED lights that refer to passageways and stages
of consciousness and a primal connection to light. He speaks of bringing the light to
Earth in his light installations and understands light occupying real space. He is a
sculptor [15] whose media is the physical presence of light made manifest in
sensory form with an aerial sensibility. Born a generation later, the artist Duke
Riley17 has a similar aesthetic intuition as he embraces the light where the land and
water meet. In 2016, the sky at nightfall at the Brooklyn waterfront was the canvas
for the orchestrated movement of 2,000 trained pigeons with LED lights attached to
their legs; the performance was called Fly by Night in April–May 2016. The breed
of pigeons included Ice pigeons, pigeons with delicate black wing tracings;
Damascenes, white pigeons with blackheads; Russian highfliers, pigeons with silver
heads; Rollers, brown pigeons collared and acrobatic; and red-beaked New York
Flight pigeons who were all trained to return to their coops after their original
30-min choreography with leg castings of LED lights. The LED lights were con-
trolled remotely, with the birds clued to return to their starting point by the
turned-on light at their coop and a familiar musical soundtrack. The New York
Times reviewer, Newman [16], compared the imaginative light bird display akin to
a giant cluster of fireflies, constellations moving very fast, fireworks that change

16 www.jamesturrell.com.
17 www.dukeriley.info.
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direction, or most arresting the idea of the lights in the New York skyline taking to
the air. While bird migration is a scientific study, an aesthetic re-envisioning of a
portion of the natural phenomena entreats more comparisons to the use of light,
time, and nature in human space.

16 Further Implications

Art and science museums recognize the important and expansive reach of digital
learning in our new virtual reality. At the Morris Museum in Morristown, New
Jersey,18 their collection of Murtogh D. Guinness Collection of Mechanical Musical
Instruments and Automata (750 objects) is supported by text and videos of the
examples of the charm and originality of luxurious automata produced in Paris in the
late 1800s through the early twentieth century. Automata are small metallic or wood
human figures depicting chefs, circus performers, waiters, girls, boys, famous per-
sonages such as Buffalo Bill, and animals who come alive through their mechanical
movements. A century ago, the movements activated like a player piano with punch
cards were a step forward in the marriage of art, technology, and entertainment.

Science museums, for example, the American Museum of Natural History19 in
New York City, have designed a particularly engaging website for K-12 learners
entitled ‘ology’ taking the suffix of paleontology, geology, zoology, and archae-
ology to widen one’s perspective of the sciences. Science centers, e.g., the
Exploratorium20 in San Francisco, The Liberty Science Center21 in Jersey City, and
the Field Science Museum22 in Chicago, offer online videos and blogs as resources
to further student STEAM learning. Art museums’ websites focus on permanent
and/or changing exhibitions and collections, entreating educators, students, and the
general public to observe and apply critique methodologies to more fully under-
stand the work of visual artists over time. The art museum websites such as the
Museum of Modern Art in New York23 provide cultural and historical information
to engender meaningful interpretations of specific works of art. In this way,
museum websites are digital resources of visual information essential for STEAM
teaching and learning [17]. Students demonstrate greater motivation and involve-
ment as well as “learn more deeply when they can apply classroom-gathered
knowledge to real-world problems, and when they to take part in projects that
require sustained engagement and collaboration” [18]. Student investigations can
extend beyond the classroom walls to embrace local and global museums. Artists
and scientists focus on authentic problems requiring collaborative transdisciplinary
thinking and action in this often-overlooked resource.

18 www.morrismuseum.org.
19 www.amnh.org.
20 www.exploratorium.edu.
21 www.lsc.org.
22 www.fieldmuseum.org.
23 www.moma.org.
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17 Conclusion

The alignment of contemporary artists’ work with transdisciplinary teaching and
learning in STEAM education provides apt analogies and possible metaphors to
synthesize meaning from visual information to further intellectual, social and
emotional understanding of our interconnected world. One can explain Richard
Long’s walking as a metaphoric contemplation of time on Earth; Fred Sandback’s
string sculpture as an aperture to spatial thinking, Nancy Grave’s skeletons as a
synecdoche of evolution, Sheila Hick’s fibers as entanglement with natural pig-
ments; Dale Chihuly’s use of fire as a reconnection with the origins of sea and plant
life; Betty Woodman’s technical ceramic experiments to reimagine civilizations;
Tara Donovan’s translucent multitudes as an allusion to exponential growth in
evolving Earth; Xu Bing’s installations as a dually subtle and confrontational
revelation on social inequity, and James Turrell and Duke Riley’s manipulation of
light as a spiritual and temporal sensor of time on Earth. Analogies and metaphors
frame reality in terms of similarities between constructs of different realms [12].
Curricular constructs embedded in the interdependent twenty-first-century educa-
tional goals to build a sustainable future24 are enhanced and realized through
aesthetic analysis and research into exemplar educational practices.

Who says that intuition is not data.

Laura Fattal

Core Messages

• Educators’ aesthetic purview is expanded through analogies intrinsic in
contemporary art production.

• Synergistic practice is social and collaborative invigorating
experimentation.

• The natural world with its lines, shapes, spaces, and colors is a perennial
source of aesthetic inspiration.

• Materiality/media of art-making is a spiritual and individual calling res-
onating in its dialogue with global needs.
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25Entrepreneurial STEM for Global
Epidemics

Sila Kaya-Capocci and Sedat Ucar

If opportunity doesn’t knock, build a door.

Milton Berle

Summary

Entrepreneurship and STEM have become prominent on educators’ agendas in the
past two decades. Many countries included STEM in their education programs
since it can develop society, economy, environment, and health. Similarly,
entrepreneurship became one of the concepts extensively embraced in education
programs as it offers individuals self-employment as a career opportunity and
equips them with 21st-century skills, particularly problem-solving, risk-taking,
and creativity. Studies show that when STEM and entrepreneurship are employed
complementary to each other, higher social and individual benefits occur as
educational outcomes than when they are employed independently. However, a
limited number of studies argue why incorporating entrepreneurship into STEM
education and promoting entrepreneurial STEM education brings durable or
permanent innovative solutions to the issues in health, economy, and social
relationships. This chapter elucidates how entrepreneurship and STEM are related,
how to incorporate entrepreneurship into STEM education and its importance,
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particularly in global epidemics. To take a closer look at why we should achieve
entrepreneurial STEM,we explore STEMeducation and entrepreneurship, discuss
the link between entrepreneurship and STEM education, and the benefits and
drawbacks of incorporating entrepreneurship in STEM education. This argument
is followed by examples of practical STEM strategies and practices adapted to
create entrepreneurial STEM students with scientific, economic, social, and
environmental awareness. Furthermore, three levels of action are proposed to
incorporate and implement entrepreneurial STEM education.

Graphical Abstract/Art Performance

Entrepreneurial STEM for global epidemics.

Keywords

COVID-19 � Education � Entrepreneurial STEM education � Entrepreneurship �
Epidemic � STEM
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QR Code

Scanning the QR code directs you to the word cloud of the chapter that is made
up of the words we discussed throughout the whole book in relation to the chapter’s
keyword, which is intentionally not included in the word cloud. Find the keyword
and put it in place in the puzzle according to the clues provided in Chap. 26. The
mystery hidden in the puzzle is the quote of Integrated Education and Learning.

1 Introduction

Opportunities do not knock on the door. Agreeing with Milton Berle, “If oppor-
tunity doesn’t knock, build a door.” This might mean that we should create our own
opportunities in this global world, or we should be receptive to the opportunities.
However, how will we do this or, more importantly, why should we do this? The
answer might lie in entrepreneurial STEM education.

Entrepreneurship education and STEM education have been studied extensively;
however, there is still a limited number of studies that investigate the role of
entrepreneurship in STEM education. The research focusing on STEM and
entrepreneurship discusses the benefits entrepreneurship education confers with
STEM students, examines the role of gender in entrepreneurs from STEMdisciplines,
and provides examples of implementing entrepreneurship in STEM programs. For
example, Camesano et al. (2016) mentioned that Worcester Polytechnic Institute
(WPI) is engaged in a program incorporating innovation and entrepreneurship into the
curriculum for Ph.D. students researching STEM disciplines [1].

There are also projects implementing entrepreneurship into STEM disciplines.
For example, the STEMitUP,1 an Erasmus + project that was conducted with the
partnership of five European countries between 2017 and 2019, aimed to increase
interest in STEM entrepreneurship amongst European students. All these studies are
highly important for entrepreneurship to be integrated into STEM education and
inclusivity of the entrepreneurial STEM programs. Despite the significance of the

1 See https://www.stemitup.eu for the project details.
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research conducted in this field and the great impact of entrepreneurial STEM
education on areas such as health, science, environment, and society, the expla-
nation of why incorporating entrepreneurship into STEM education is important,
and the link between entrepreneurship and STEM remains limited to its impact on
the economy.

The recent global pandemic, COVID 19, deeply affected our lives, from how we
work to what we need in everyday life, as well as impeding many things such as
health, economy, and social relationships. There is an ongoing process of
attempting to manufacture a vaccine and finding treatment procedures to bring the
development of this virus to a halt and resuming where we left our lives. Every
person in the world has suffered directly or indirectly for many months, and
developing only a vaccine for the virus is not the solution to our problems. What is
going to happen if there is another outbreak in the future?

If we want to bring a permanent solution to the problem, we need to go to the
roots of the problem that underlies education, as explained in the following.
Developing entrepreneurial mindsets should gain more importance in STEM fields
during and after this process than before the pandemic. It is obvious that STEM is
needed to discover a vaccine but what is not obvious is that entrepreneurship can
facilitate the discovery process during and after by bringing a fresh, innovative
perspective and helping realize what we have not realized before. Furthermore, after
a vaccine is discovered, entrepreneurship can help apply the new STEM knowledge
into different contexts and spread this knowledge and the product across the world.
Similarly, through an entrepreneurial lens, students may realize STEM in everyday
life easier and apply STEM competencies (i.e., knowledge, skills, and attitudes) into
different contexts. These students with the entrepreneurial STEM perspective may
realize the everyday issues, such as global pandemics, and bring solutions to them
in a practical, economical, and innovative way. This may eventually support sci-
entific, economic, and social development and prepare us for future outbreaks
through increasing awareness.

Therefore, this chapter aims to elucidate how entrepreneurship and STEM are
linked, how to incorporate entrepreneurship into STEM education, and its impor-
tance, particularly in times of global epidemics. More precisely, we initially explore
what is meant by STEM and the reasons for promoting STEM education. This
exploration is followed by a scrutinization of what entrepreneurship means in the
formal field and the benefits and drawbacks of incorporating entrepreneurship in
STEM education. How entrepreneurship links with STEM education and its
importance are argued. This argument is followed by examples of practical STEM
strategies and practices that would be used to create entrepreneurial STEM students
with scientific, economic, social, and environmental awareness. Furthermore, three
levels of actions are proposed to incorporate and implement entrepreneurial STEM
education.
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2 STEM Education to Develop the Society, Economy,
Environment, and Health

During the last few decades, the required competencies for graduates’ employment
have been changing, and STEM education is becoming more prominent worldwide
[2]. Yet, there is no formal agreement on what STEM education means. Perspec-
tives to STEM education range from rudimentary descriptions of the four STEM
disciplines to a unified collective of all four STEM disciplines [3, 4]. According to
Bybee (2013), definitions of STEM education include:

• “science (or mathematics);
• both science and mathematics;
• science and the incorporation of technology, engineering, or mathematics;
• a quartet of separate disciplines of science, mathematics, engineering, and

technology;
• science and mathematics that are connected by a technology or engineering

program;
• coordination across disciplines;
• combining two or three disciplines;
• complementary overlapping across disciplines; and
• a transdisciplinary course or program” [3].

We believe that perspectives to STEM should be supported according to the
main aim of education. However, we find it more useful and holistic to support all
STEM disciplines. For example, if we are educating graduates in the health sector,
even if we focus on science more, we should support it with:

• technology to conduct experiments;
• engineering to develop and use devices, such as MRI scanner; and
• mathematics to calculate the frequency or the dosage of a medicine.

Many countries, such as the USA, Austria, and Ireland, referred to STEM ed-
ucation curricula, policies, and government reports. For example, Costello et al.
(2020) surveyed partners of an Erasmus + project from eight European countries
[5]. The survey results showed that six countries/regions, i.e., Austria, Cyprus,
Flanders, Galicia, Ireland, and Slovenia, have STEM policies directed at Pre-school
and Secondary levels. Still, STEM for higher education, postgraduate and adult
education was missing.

Various reasons are provided to justify the reason for promoting STEM edu-
cation and referring to STEM in education systems. Some of these reasons include
developing society, environment, and/or economy [6], creating innovative citizens
[4, 7], increasing the low number of STEM graduates [8], and providing STEM
graduates for the job market [8, 9]. Other than these reasons provided, STEM
education provides many benefits and opportunities to students.
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The graduates embracing STEM competencies can analyze, synthesize, and
evaluate the problems, develop and apply projects in practice, use numeracy to
bring solutions to problems, acquire life skills such as leadership and citizenship
and show technical ability to maintain engineering-related concepts. Due to being
equipped with these STEM competencies, graduates can also realize their full
potential and effectively face the challenges that come with higher education and
career development [10]. Therefore, employers hire and provide more opportunities
to graduates who are equipped with STEM knowledge, skills, and attitudes and can
solve problems by combining these competencies better than STEM-illiterate
graduates [11]. STEM-literate citizens can use, manage, understand, and assess
STEM disciplines and their applications in everyday life. There is a great demand
for STEM graduates due to technological advancements and the changes in the way
that we live in this global world. For example, the need for 114,000 STEM grad-
uates was reported in Germany in 2011, and the need for 380,000 to 700,000 ICT
graduates was reported in Europe in 2015 [12]. Furthermore, “Europe faces a
shortage of around 756,000 ICT professionals by 2020, with a lack of synergy
between educational systems and the requirements of the labour market” [13].
Similarly, job openings for STEM occupations are projected by the “U.S. Bureau of
Labor Statistics,” as shown in Fig. 1 [14, p. 12]. Supplying more STEM graduates
can help decrease the demand in the market and the number of unemployed
citizens.

A decrease in unemployment improves the country’s economy. In addition to its
direct contribution to employment and indirect contribution to the economy, STEM
fields are crucial to economic growth. STEM fields develop new devices and
inventions in this direct role and export these new products and services to other
countries. Also, these STEM products and services enhance the standard of living
and provide social utility. Once economic development occurs, more funding can
be provided for education, society, and the environment. For example, with the
enhancement of sustainable development, companies and businesses aim to reduce

Fig. 1 Projected job openings for types of STEM occupations, 2014–2024 (Source the U.S.
Bureau of Labour Statistics, [14])
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carbon emissions and become more environmentally friendly. Additionally, STEM
education helps develop the health sector.

When there is a global epidemic, people need vaccines and/or treatment, and
STEM education can aid this process in many ways. STEM-literate citizens may be
curious about the national and global issues and attempt to help solve them by
inquiring about the nature of the issue, researching it, conducting relevant experi-
ments, and innovating devices that can facilitate solving these issues. STEM edu-
cation can help engineer devices for treatment, develop medicine, conduct tests to
diagnose people, increase communication between people and scientists, inform the
public through technology and increase their awareness of the conditions across the
world. For example, a doctor can currently operate a surgery from a different
country than the patient through a control panel connected to robot hands.

An approach referring to STEM-related concepts and theories at schools can
support students to realize how school, society, economy, and environment are
interlinked and how they can be developed together. Students need to be exposed to
an effective STEM education program to achieve all these developments. For ef-
fective STEM education, students should be able to solve problems and use rea-
soning and be creative, innovative, self-confident, and technology-literate [15].
Developing graduates equipped with these competencies may be achieved by
adopting innovative and entrepreneurial approaches.

3 Understanding Entrepreneurship: Business,
Competence, Process, or More?

Recently, many studies have discussed entrepreneurship from different perspectives
in different disciplines, for example, the formal field of entrepreneurship, education
studies, and pure and applied sciences, including science, technology, engineering,
and mathematics. The research shows how entrepreneurship education can posi-
tively influence the individuals’ entrepreneurial perspective [16–20]. Developing a
“sense of initiative and entrepreneurship” is also identified as one of the four main
goals of education by 2020 by the European Commission (2014) [21] and advo-
cated as one of the eight key competencies by European Commission (2016) [22].
Volkmann et al. (2009) also viewed entrepreneurship as one of the basic
21st-century skills that all children should acquire before reaching adulthood [10].
Entrepreneurship may also be interpreted as a driving force that can develop
competencies effectively to gain and enhance 21st-century skills.

Having various studies on entrepreneurship brings up many questions. What is
entrepreneurship; a competence, a process, an effort, or a business initiative? Why
do we focus on entrepreneurship; just because it is a trend? What are the reasons for
researching entrepreneurship? We can pose many more questions. In this section,
we aim to answer these questions to some extent.

What is entrepreneurship; a competence, a process, an effort, or a business
initiative?

25 Entrepreneurial STEM for Global Epidemics 473



To promote the beneficial use of entrepreneurship, we need to understand the
various perspectives. Different researchers viewed entrepreneurship from different
perspectives; some view it as a business initiative, some view it as an effort, some
view it as a process, or others view it as a competence.

At early times, entrepreneurship was viewed as related to trading and commerce.
For example, Schumpeter (1934) defined entrepreneurship as “carrying out new
combinations of a firm’s operation including different dimensions, such as new
products, new services, new source of raw materials, new methods of production,
new markets and new forms of organisation” [23]. A discipline-specific concept of
entrepreneurship usually adopts the financial perspective of entrepreneurship and
addresses the challenge of forming a new business [24]. For example, from a
traditional perspective, Jean Baptiste Say emphasizes the primary goal of
entrepreneurship as economic development and defines an entrepreneur as a person
who can achieve economic progress by finding ways to do new and better things.
Other traditional definitions depict the topic from a similar angle and align with
Say’s definition in essence. For example, Mark Casson (1982) defines the entre-
preneur as an individual specialized in making effective decisions using limited
resources [25]. Again, the main goal here is to increase the economic efficiency of
limited resources.

Entrepreneurship is also defined as a process, and various definitions of
entrepreneurship agree on “a kind of behavior,” which is composed of

i. “initiative taking;
ii. the organization and reorganizing of social and economic mechanisms to turn

resources and situations into practical account;
iii. the acceptance of risk or failure” [26]

As suggested by Hisrich and Peters (2002), entrepreneurship is “the process of
creating something different with value by devoting the necessary time and effort;
assuming the accompanying financial, psychological, and social risks; and receiv-
ing the resulting rewards of monetary and personal satisfaction and independence”
[27]. Allen (2003) refers to some other aspects of the process of entrepreneurship
and defines it as “the process of organising,” that includes “committing resources to
an opportunity; establishing procedures for the use of resources; identifying,
assembling and configuring resources; and interacting with people and coordinating
and establishing routines” [28]. Kaya et al. (2018) combine these aspects and define
entrepreneurship as “the process of establishing new economic, social, institutional,
cultural and scientific environments or organizations to create future products and
services by realising the opportunities and their possible failures and using required
resources” [29].

Some view entrepreneurship as an effort to create new environments. For
example, Rindova et al. (2009) define entrepreneurship as efforts to create new
environments [30]. This definition has “creating environments” in common with the
definition of entrepreneurship as a process.
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Many researchers defined entrepreneurship as a competence that is needed by
the public due to technological and global changes. Since the 1980s, there have
been researchers defining entrepreneurship as a competence. In Timmons’ words,
entrepreneurship is referred to as “the ability to create and build something from
practically nothing, it is initiating, doing, achieving and building an enterprise or
organisation rather than watching, analysing or describing one” [31]. In 2014, the
European Commission referred to entrepreneurial knowledge, skills, and attitudes
[21]. A model including the competencies that refer to entrepreneurship was
adapted from Heinonen and Poikkijoki (2006) [32] and presented in the document
“Entrepreneurship Education at School in Europe” published by the European
Commission in 2012 [33]. Based on the model, Entrepreneurship Education at
School in Europe reported the aspects of attitudes, knowledge, and skills for
entrepreneurship in Table 1 [33, p. 19].

Even though many researchers believe that entrepreneurship is a competence
that people are born with [34, 35], others believe that entrepreneurship is a com-
petence that can be learned [36]. Research studies reported the positive effect of
entrepreneurship education on individuals’ entrepreneurial competencies [16–20].
Within this context, entrepreneurship education, an objective of the European
Union, should be supported at every stage from primary school to university and
beyond [21].

Why do we focus on entrepreneurship; just because it is a trend? What are the
reasons for researching entrepreneurship?

Researchers have different reasons to investigate entrepreneurship; some
researchers investigate it simply because it is currently a worldwide trend, but
others explore it because they believe in the opportunities entrepreneurship can
accompany. There are various benefits of incorporating entrepreneurship into dif-
ferent disciplines. For example, entrepreneurship can provide self-employment as a
career opportunity [24, 37] and increase public awareness of economics-related
issues [38]. Entrepreneurship can enable individuals to think critically, creatively,
and innovatively, make decisions, take risks, and solve complex problems [27].
Such multi-dimensional individuals are ready to be employed in industry to meet
the changing needs of the global world [39]. Entrepreneurship can also provide
funding for high-cost research projects. All these can contribute to the social and
economic development of a country [40].

Other researchers may be against the idea of entrepreneurship; entrepreneurship
might be seen as supporting capitalist ideologies that can impact public under-
standing and the freedom of sharing knowledge. Within this context, if

Table 1 The aspects of attitudes, knowledge, and skills for entrepreneurship

Attitude Self-awareness, self-confidence, taking the initiative, taking risks,
critical thinking, problem-solving

Knowledge Career options, business world, economic literacy, business
organization and process

Skill Communication, representation, planning, teamwork, exploring
opportunities

Source Eurydice, the information network on education in Europe [33]
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entrepreneurship makes people money-driven, it can negatively impact people’s
social values. Money-driven people can focus on making money rather than
working for the benefit of the public. For example, during the current global
pandemic—COVID 19 virus, if people are money-driven, they may put other
people’s lives at risk in different ways, such as by selling fake injections, pills, or
ineffective masks. However, if people are working for public benefit, they would be
working on discovering the cure of COVID 19 and increasing others’ awareness by
providing valid and reliable knowledge on what should be done until the cure is
discovered. These researchers also see entrepreneurship as harming people’s sci-
entific ethos, such as sharing. For example, if entrepreneurship creates a competi-
tive environment, it can result in people not sharing important information, which
can hinder the development of science and society.

While we see entrepreneurship as a process, we accept an entrepreneur as a
person who puts effort into operating this process. Entrepreneurs are responsible for
translating new ideas and bringing them into practice to improve present
products/services. For this purpose, they need to be competent in thinking critically
and creatively, solving complex problems, being resilient, and having a mindset and
the ability to deal with risks and uncertainties. These competencies are also integral
to STEM endeavors.

Entrepreneurship has many benefits as well as drawbacks. Incorporating
entrepreneurship into other subjects may provide benefits such as career develop-
ment, public awareness on economics-related issues, and developing 21st-century
skills. We believe that the impact of entrepreneurship depends on whether the
public is educated on how society, environment, economy, and science can be
developed by utilizing entrepreneurship and how it can treat public health and
safety in its misuse. The public should be educated on the pros and cons of
entrepreneurship and the potential threat of negative entrepreneurial actions on
public health and safety. Entrepreneurship can impact economic, social, environ-
mental, and scientific growth and lead to more job opportunities involving STEM
jobs. Some countries, including Europe [22], Mexico [41], and Africa [42] already
put calls on youth empowerment. Youth should be empowered through
entrepreneurship at every level of education worldwide.

4 Incorporation of Entrepreneurship and STEM Education

STEM education and entrepreneurship have been widely studied during the last
decade [43, 44], bringing the relationship between STEM and entrepreneurship into
the light. It is undeniable that STEM and entrepreneurship are crucial to the
economy, society, environment, and scientific development; however, how
entrepreneurship and STEM relate to each other and why their incorporation should
be explored further.
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STEM and entrepreneurship relate to each other in various ways. For example,
STEM provides an area of study for entrepreneurship. That is, entrepreneurs may
develop STEM-related ideas, produce STEM products and services, and/or estab-
lish new STEM environments [45]. STEM also offers the knowledge that helps the
development of relevant products and services. An entrepreneur can realize the
market, but without the required knowledge, s/he would not be able to fill this
gap. STEM develops various 21st-century skills to think critically and solve
complex problems, which are highly important for entrepreneurship. STEM pro-
vides technical, theoretical, and practical knowledge and skills to meet the changing
world’s needs. STEM highlights the importance of scientific ethos and social val-
ues. While scientific ethos refers to “attitudes that scientists are expected to adopt
and display in their interactions with their fellow scientists as well as in carrying out
their scientific activities” [46, pp. 1006–1007], social values are consistent with
“respecting the environment, social utility, and freedom” [47]. These aspects are
important to provide ethical behaviors and develop society. Additionally, STEM
comes up with discoveries and innovations that benefit the market and society.

4.1 The Ways that Entrepreneurship Contribute to STEM
Education

Entrepreneurship can also contribute to STEM education in various ways, such as
by helping people realize where and how STEM is used in everyday life. Realizing
STEM in everyday life may increase interest and motivation in STEM disciplines
[45]. When people realize STEM in everyday life, they can also start realizing
STEM-related issues. With entrepreneurship, these people can think creatively and
solve issues through new and innovative approaches [48]. Coming up with new
ideas and bringing innovative solutions to problems can contribute to discoveries
and inventions, which may help develop scientific knowledge.

Entrepreneurship helps equip students with 21st-century skills and competencies
[49]. Even though STEM education has the potential to develop 21st-century skills
as well as the goals of education, how these skills can be improved further should
be considered. While some researchers view such skills as critical thinking, decision
making, and creativity as integral to entrepreneurship, some others view
entrepreneurship as one of the 21st-century skills. These common competencies
between STEM and entrepreneurship are required for employment and are called
entrepreneurial STEM competencies in this study. Promoting entrepreneurial
STEM competencies may help people realize their full potential [10]. These people
tend to realize new opportunities, create new jobs, and continue career progression.
Eventually, these technical, theoretical, and practical entrepreneurial STEM com-
petencies that are required in today’s world can be used to contribute to society.

Entrepreneurship would make it easier for students to realize STEM in everyday
life [50]. One of the challenges that STEM education faces is developing the ability
of students to link STEM knowledge with real-world problems. Students are also
struggling to find and/or pursue opportunities. We need to ponder on which
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competencies we require from students, how students can develop these compe-
tencies and how students can apply the competencies that they gained through
STEM education to their everyday life to contribute to society. Answers to these
questions can be found in entrepreneurship. For example, STEM education promises
to bring solutions to everyday problems by applying STEM competencies in ev-
eryday life and presenting the interrelations between education, society, and business
[49]. Usually, the solution to these everyday problems requires new and innovative
solutions. Entrepreneurship can support coming up with new and innovative solu-
tions to problems as it is one of the main aspects of entrepreneurship.

The process of entrepreneurship can provide opportunities to individuals, help
them with employment and career development [29, 51]. While STEM education
provides the knowledge and its practical applications, entrepreneurship helps to
transform this knowledge and the available resources into products and services
[52]. That is, entrepreneurship can help develop STEM-related new products and
services. If the produced products and services are to bring solutions to everyday
issues and benefit society, these products and services should be distributed to the
public who need them. In this case, the industry mass produces such products and
services. After mass production, entrepreneurship supports transferring these
products and services from academia to the market [50]. By doing so, more and
more people find jobs in small companies outside of the fields that they were trained
in. Jobs in these small businesses require different knowledge and skills, and one
person is expected to produce work in many different fields. Under these conditions,
employers prefer individuals who have gained different knowledge and skills and
can do different jobs. In particular, new generation engineers are expected to be
versatile engineers with innovative and communicative skills in marketing and
technology [53]. Thereby, entrepreneurship and STEM create opportunities, help
with employment and job creation, and contribute to society by working together.
Considering this trend, the importance of entrepreneurship and STEM education
becomes clearer.

4.2 The Importance of the Incorporation of STEM
and Entrepreneurship

Entrepreneurial companies have initiated radical STEM research and development
changes worldwide by introducing radical innovations and contributions [54]. In
today’s global world, funding is required to conduct high-level and high-cost
research, such as CERN’s Large Hadron Collider (LHC) experiments. This funding
can be provided through entrepreneurship. Once the funding is provided,
entrepreneurship and STEM are needed in order to earn money and develop society
and science. Let us explain how. Conducting LHC experiments and building a center
like CERN require innovative thinking, creativity, knowledge, and many other
competencies. These competencies are widely inherited in entrepreneurship, and the
knowledge and the foundation devices to conduct experiments come from STEM.
After opening CERN and building LHC, the findings of the experiments transform
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into knowledge, product, and services and are shared with the public. The transfor-
mation of the findings and distribution to the public is facilitated by entrepreneurship.
If the experiment is successful or findings provide scientific, societal, or environ-
mental development, this center may provide more funding. Such systems trans-
forming knowledge into money via entrepreneurship and aiming to create citizens
who can produce knowledge and transform it into products and services are called
knowledge-based economies. However, discussions on the benefits and drawbacks of
knowledge-based economies are out of the focus of this chapter.

The importance of incorporating STEM and entrepreneurship can also be
observed in the health and engineering sectors. The importance of entrepreneurship
has been increasing in many medical fields that involve both basic sciences and
applied sciences [55]. Research outcomes of basic sciences are commonly trans-
ferred by some others rather than the researcher [56]. Usually, this occurs when the
researcher is missing an entrepreneurial perspective. Researchers should be aware
of the limitations and potentials of the scientific outcomes of their research, espe-
cially its contribution to clinical sciences, as well as have a scientific understanding
of the subject in depth [56]. This awareness can be developed by promoting an
entrepreneurial mindset in STEM education. Therefore, efforts should be made to
provide entrepreneurship training in medical fields [55].

The significance of entrepreneurship can also be observed in engineering
departments. Traditional engineering education programs provide theoretical
background followed by practical training [57]. This means that engineering
graduates become engineers first and become creative and innovative after [58].
Moreover, traditional engineering programs provide new knowledge and practical
application of the knowledge simultaneously, creating non-entrepreneurial, inno-
vative, and non-critical engineers. Incorporating entrepreneurship in engineering
programs as part of STEM can support creating qualified graduates equipped with
21st-century skills and contribute to society.

4.3 The Impact of the Incorporation of Entrepreneurship
and STEM on a Global Epidemic

Even though the positive impact of incorporating entrepreneurship and STEM on
the economy is commonly mentioned, its impact on society, environment, and
scientific development is mostly overlooked. A global epidemic may be a perfect
example of the potential impact of STEM collaboration on the economy, society,
environment, and scientific development. STEM education may help to deal with
global issues, such as COVID 19, the current global epidemic. If we create citizens
who can incorporate STEM and entrepreneurship, these citizens can work on cures
to treat people affected by the epidemic. Such citizens can use:

• science to understand the nature of the epidemic and how it can be cured;
• technology to conduct experiments;
• engineering to develop devices to work on the cure;
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• mathematics to calculate how fast the epidemic is spreading, which areas have a
higher risk, and what pattern is expected from the epidemic; and

• entrepreneurship to work on transforming the cure into products and services
and transferring the cure to the market for public use.

Using STEM and entrepreneurship in such ways can benefit the public and life
in many ways. For example, the discovery of a cure for a pandemic or innovation of
a device to help with the cure is the development of science. Scientific develop-
ments help us understand the world better and make life easier. Furthermore, sci-
entific developments improve the economy. Developing new devices that no one
has yet and exporting them to other countries can improve the economy. These
economic and scientific developments increase the countries’ wealth and provide
social utility. Another benefit is for the environment. People are destroying nature
and harming the environment. Increasing public awareness and educating them on
STEM-entrepreneurship incorporation for environmental benefits can contribute to
protecting the environment.

We believe that there is an important relationship between STEM and
entrepreneurship, and their incorporation can benefit the public and life in many
ways. Yet, identifying and discussing the impact of these fields on each other would
not be enough. Without knowing how we can promote STEM through
entrepreneurship or entrepreneurship through STEM, we might struggle to increase
the impact of their incorporation on the economy, society, environment, and sci-
entific development. Therefore, we focus on strategies and everyday life examples
to create entrepreneurial citizens through STEM education in the next section.

5 Road Map to Create Entrepreneurial Citizens
Through STEM Education

Even though various STEM strategies and definitions of entrepreneurship are
known, how they can be incorporated remains unclear. By providing rich envi-
ronments through STEM education [59, 60], entrepreneurship can be integrated into
STEM programs, such as STEM teacher education. Suppose STEM education is
important to achieve the targeted learning intentions. In that case, teachers should
be educated on the benefits, drawbacks, and implications of entrepreneurship before
they start working as they are the first implementers of STEM education.

Individuals start schooling with different background knowledge, skills, and
attitudes. While some competencies (knowledge, skill, and attitude) are developed
through education provided at school, some become blunt. Similarly,
entrepreneurship competence can be developed through everyday experiences and
the activities offered in the school environment at all education levels [61]. Yet, we
have to ponder how we can incorporate entrepreneurship and STEM together and
implement entrepreneurial STEM in classrooms.
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To achieve this incorporation and implementation, three levels of actions that
were proposed by Yorke (2005) can be considered:

i. the institution level;
ii. the academic department or program team level; and
iii. the individual or small group tutor level [62].

From this perspective, this integration should be considered at the institution
level before starting the whole entrepreneurship-STEM incorporation process.
Entrepreneurial STEM policy or documents can be researched and developed.
These policies or documents should support the pedagogic strategy of
entrepreneurship-STEM incorporation at the institutional level. The entrepreneurial
STEM can be included in the curriculum that is used within the institution. Potential
teaching, learning, and assessment strategies for entrepreneurship-STEM incorpo-
ration should be considered and adopted in this curriculum. The institution should
refer to entrepreneurial STEM competencies to provide students with vision and
leadership. At the academic department or program team level, the program team
should be supported with teaching, learning, and assessment strategies of
entrepreneurship-STEM incorporation. Opportunities should be provided to the
program team to make the required effective changes in curricula. Additionally,
periodic reviews should be organized to track the incorporation level of STEM and
entrepreneurship. At the individual or small group tutor level, supporting the
development of student capacity should be encouraged amongst academic staff
members and tutors. Student capacity can be developed by enhancing students’
behaviors in a self-regulated manner and supporting them to act autonomously.

Various teaching methods and techniques can be applied to enhance the entre-
preneurial spirit in STEM. For example, collaboratives, problem-based, and
project-based learning approaches, as well as learning strategies, such as drama,
learning diary, twin classes, mini-businesses, trips and inviting an expert to the
school, can be used to develop entrepreneurial STEM competencies [61, 63].
Another research conducted as part of the Assessment of Transversal Skills in
STEM (ATS STEM) project proposed ATS STEM Conceptual Framework [64].
This framework refers to STEM Learning Design Principles as follows:

• problem-solving design and approaches;
• disciplinary and interdisciplinary knowledge;
• engineering design and practices;
• appropriate use and application of technology;
• use of real-world contexts; and
• appropriate pedagogical practices.

These design principles may be used to incorporate and implement
entrepreneurship and STEM together due to their relevance to both concepts.
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Another way of creating entrepreneurial spirit in STEM education might be
encouraging students’ active participation in entrepreneurial activities and experi-
ences [34, 65]. Within this context, teachers’ attitudes towards this incorporation
gain importance [66, 67] since they are the first implementers in the classroom to
develop students’ entrepreneurial STEM competence. Teachers’ negative attitudes
towards a subject, topic, or competence greatly impact their students [68]. For
example, Pihie and Bagheri (2011) researched how do teachers think of en-
trepreneurial STEM and self-efficacy. The result indicated that teachers’ attitude
towards entrepreneurial STEM was reflected in their teaching and impacted stu-
dents’ attitudes [69]. Therefore, we can say that non-entrepreneurial teachers cannot
create entrepreneurial students. Entrepreneurial teachers should have basic char-
acteristics such as being inspirational, open-minded, confident, flexible, responsi-
ble, collaborative, and communicative [21].

6 Conclusion

Global epidemics impact our lives from the way we work to what we need in
everyday life, hindering many things such as health, economy, and social rela-
tionships. This chapter looked into global epidemics from a different perspective to
bring more durable or permanent innovative solutions. The chapter proposed going
to the roots of the problem that underlies education. We believe that exposing
students to entrepreneurial STEM education can create future citizens who are
innovative, curious about their surroundings and beyond, and who can take the
initiative by gauging the risk level. Such citizens contribute to the economy,
society, science, health, and environment and make us more prepared for future
outbreaks.

As various STEM strategies and definitions of entrepreneurship are known, we
have to focus on incorporating entrepreneurship and STEM together and imple-
menting entrepreneurial STEM in classrooms. Three levels of implementation of
formative assessment can be adapted to the incorporation and implementation of
entrepreneurial STEM education. Effective and successful education is directly
related to pedagogy embraced in the classroom. Entrepreneurial STEM compe-
tencies should be learned through experience; thus, it is important to choose
appropriate pedagogies. To improve entrepreneurial spirit in STEM education,
different teaching, learning, and assessment methods and strategies should be
implemented in the classroom simultaneously. Six STEM Learning Design Prin-
ciples proposed by Butler et al. (2020) can be utilized to incorporate and implement
entrepreneurial STEM education [64].

We should also focus on incorporating entrepreneurship and STEM and their
implementation in teacher education programs. Suppose STEM education is
important to achieve the targeted learning intentions. In that case, teachers should
be educated on the benefits, drawbacks, and implications of entrepreneurship before
they start working as they are the first implementers of STEM education. Going
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back to the beginning quote, “If opportunity doesn’t knock, build a door,” we can
build our doors by creating entrepreneurial teachers who are educated in STEM or
creating entrepreneurial STEM students. To create entrepreneurial teachers,
teachers should be encouraged to be inspiring, open-minded, confident, flexible,
responsible, collaborative, and communicative [21].

Core Messages

• Entrepreneurial STEM perspectives help students bring practical, eco-
nomical, and innovative solutions.

• Implementation and inclusivity of the entrepreneurial STEM programs are
very important for the next generations.

• Promoting profound entrepreneurial STEM education programs offer a
more permanent solution to our problems.

• Implementation levels of entrepreneurial STEM education include the
institution, department, and individual levels.

• The public should be educated on the threat of negative entrepreneurial
actions on the public as well as its benefits.

Acknowledgements We would like to thank Orla McCormack for kindly reading and providing
her opinion on the text.
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Summary

The authors of Integrated Education and Learning were asked how they would
see the future of their field 30 years later. This chapter presents the authors’
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1 Introduction

Integrated education and learning can be tackled in various forms, settings, and
contexts. To exemplify, work-integrated learning offers to increase participation
and productivity in work environments and meet the global competitiveness [1]. It
is through providing opportunities for learners to be exposed to theories, develop
skills, and then become responsible to facilitate a job. These opportunities have
made it an intervention of interest to educational settings, e.g., university education,
workplaces, international education, content and language integrated learning, etc.
[2–6], with the purpose of linking theoretical education in university and practical
applications in workplaces. Working in an embedded framework, however, poses
several challenges and remains a to-do task.

Integrated education and learning is not limited to adults’ education; instead, it is
better to be implemented since early childhood. This along with other issues will be
included in the following opinion-based discussion.

2 From Cognitive Semiotics to Thinking Skills

2.1 Cognitive Semiotics

In an optimistic view, cognitive semiotics will supersede semiotics, cognitive sci-
ence, and all the present social and human sciences. They will then form a much
more integrated domain of study, which will nevertheless always take into account
what is the theme and what is the background of the specific point of inquiry.
Cognitive semiotics will, when this is relevant, take into account the results of the
natural sciences, but it cannot merge with them since, unlike cognitive semiotics
and those sciences of which it takes on the heritage, the latter are not involved with
the experience of meaning which is afforded to (some kinds of) living beings. I do
not intend to sketch any pessimistic alternative here. Nonetheless, it is important to
acknowledge the fact that many futuristic scenarios that have been formulated at
earlier dates have come to naught because they have only taken into consideration
the internal structure of the sciences and what follows from it when, in the end, it is
the institutional inertia of society, which includes common prejudices and eco-
nomic interests, which decides much of the destiny of the sciences. Cognitive
semiotics was born, or, more exactly, labeled as such, about 30 years ago. For the
sake of human advancement in knowledge, I hope it will be going strong and
become stronger in 30 years (Göran Sonesson 2020).

2.2 Thinking Skills

I predict that thinking skills will gain more importance than what it is today. Such
technological advancements as virtual reality will give new opportunities to stu-
dents to see firsthand the result of their thinking processes and decisions. However,
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problem-solving will remain a human quality because we make our decisions based
on logic and our emotions and ethics. Although it is true that the sharp development
of artificial intelligence (AI) seems to be in the direction of decreasing the
importance of human judgment, I strongly believe that the human element will
always be the meat of the advancement of civilization (Yalçın Dilekli and Erdoğan
Tezci 2020).

2.2.1 Computational Thinking
The computational approach to science, technology, engineering, and mathematics
(STEM) education provides a unique opportunity to meet the needs of a future
workforce. It prepares the learner in several fields, including mathematics, computer
science, and applied sciences (physics, biology, chemistry, etc.). Computational
thinking (CT) education, as it is known now at the K-12 level, has spread all over
the world as a global initiative. The STEM community will greatly benefit from this
as CT is the foundation for scientific thinking and engineering thinking education.
Thirty years from now, the use of computational modeling and simulation tech-
nology (C-MST) will be pervasive at all levels of education, and teaching expert
thinking (e.g., ST and ET) to novices (young students) will be standard practice.
Once we teach everyone to think like a scientist, the general public will gain a very
progressive mind that will free us all from unfounded assumptions that have
haunted us for generations (Osman Yaşar 2020).

We are noticing that some recent mathematics curriculum documents are making
a point of highlighting the beauty and aesthetics of mathematics. And some are
integrating coding within the mathematics experience, which we believe can help
transform the doing and learning of mathematics, and what mathematics is acces-
sible to students. The following comments from grade 10 students in the integrated
mathematics and coding course point to an appealing future direction: “It feels like
there’s more space. You don’t have to do it like everyone else.” “I did that. It’s my
work. It’s a great feeling.” “It lets you go in-depth. You see how each function
affects the next. How it connects together.” “I learned that it is possible to learn
pretty much anything.” “I like doing math with coding. You get to use math in
different ways to understand it more. You can’t code it unless you really understand
the math part.” “You think: ‘I’m never going to use this.’ Then you go into coding,
and you actually use it. It’s more like math in action.” “I didn’t take this course
expecting it to be more collaborative. It just happened. Naturally. I like it.” “It
would be cool to create something that’s going to help someone else” (George
Gadanidis, Rosa Cendros 2020) [7].

The expanding support of intellectual endeavors by technologies inspires new
dreams for the future. When we think of 2050, information handling and
people-to-people communication spring to our minds; no physical device is
required to search for information–information can be processed by connecting our
brains into a rich network integrating human minds with machines. The commu-
nication style among people will change as well–the transition to an immediate
“interpretation” of our language will continue, perhaps with some limitations,
depending on the topic and depth of conversation.
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The actual problem is the content and training program for machines and hybrid
human–machine creatures in the education sphere. One of the training topics is
humanoid thinking—the descendant of efforts in the field of pedagogy of compu-
tational thinking. Humanoid robots are autonomous and do research together with
humans. Scientific theories become more complex and accessible only to the col-
lective of humanoid robots, virtual agents, and digital twins. The very notion of
reality is blurred; there is a hybrid-natural-virtual reality. Modeling the phenomena
of such a natural-virtual environment is based on mechanisms hidden from humans
and uses hybrid description languages. Simulations are understood as a tool to
directly reflect a complex of mental and neural network simulations into such a
hybrid reality.

The line between scientific knowledge and insights, between scientific predic-
tions of the evolution of nature and society, and between virtual imaginations is
blurred. As a result, a particular individual is involved in a complex process of
consciously-unconscious choice of actions and virtual planning. Therefore, the
content of the pedagogy of computational thinking includes the analysis of
natural-virtual abstractions, the practice of mental and hybrid modeling and sim-
ulations, consciously-unconscious analytics, and the logic of unconscious choice.
At the same time, people will become more careful with the human intellectual
culture, which will be the focus of community conservation (Vladimiras Dolgo-
polovas, Valentina Dagiene, Sergei Pozdniakov, Alexander Liaptsev 2020).

2.2.2 Scientific Thinking
A proper science learning process will train students to use scientific thinking
principles. Students who possess scientific thinking skills are expected to be able to
become people with excellent qualities and able to adapt to improvements in
technology. Therefore, learning science is essential to improving the quality of
human resources (Johar Maknun 2020).

2.2.3 Critical Thinking
In thirty years, critical thinking will gain a more significant role in education as it is
considered one of the essential skills for the twenty-first century workforce and
democratic citizenship. In the future, it will become more evident that skills that
differentiate human beings from machines will be more valuable as a result of
automation and digitization of work. Critical thinking will enable people to adapt to
the rapidly changing and increasingly complicated conditions of work and life and
to make reasonable decisions under continually changing circumstances. In addition
to major shifts in employment, global crises in different forms–ecological,
health-related, social, and financial–will require citizens who can think “out of the
box” to develop alternative and sustainable solutions to the problems that humanity
faces. These solutions will be produced by the citizens of democratic countries that
prioritize critical thinking in their education systems and support teacher education
programs toward this goal. The ways of integrating critical thinking into core
academic subjects and curricula will continue to be an essential research area. While
educational systems are revised based on the needs of this new age, research
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investigating new methods to teach critical thinking and the design of technolog-
ically enhanced learning environments for students and their teachers’ development
in critical thinking will gain greater importance. Higher education institutions that
achieve to create an ecosystem in which critical thinking is an integrated aspect will
make the most significant contribution to a better future (Diler Oner, Yeliz Gunal
Aggul 2020).

3 Early Childhood Education

3.1 A New Intelligence

It is my vision that by 2050 early childhood will be recognized as the powerhouse
of potential for human intelligence. It is during early childhood that children
manifest curiosity, imagination, fantastic hypotheses, intuitive theories, critical
thought, spontaneity, and creative expression. Through play, young children de-
velop dispositions and natural tendencies to explore and enjoy novelty and risk that
stimulate intrinsic motivation and creative imagination. Providing environments
that promote curiosity and develop creative thinking in children will form the
foundations for later creative potential. Creative thinking as a core component of
human intelligence will mean that education will no longer be viewed as
domain-specific; rather, creativity will provide the vital connection for
cross-curricula development and the multidimensional role it plays in all learning
and understanding. How we view intelligence needs to change. It has been noted
that an insufficient search is a common failing of human thinking. The ability to
solve world problems and ultimately continue to survive as a race will require a new
form of intelligence. By 2050 we will need to learn to think in new ways. Investing
in the early years is essential if we are to reap the benefits for a future society that is
healthy, intelligent, and striving (Nicole Leggett 2020).

3.2 Emotional Learning

When I started studying this topic a good couple of years ago, I was disappointed
by the lack of interest that educational actors and policymakers had when dis-
cussing this topic. Even though there were some initiatives around the world that
were standing out and making some noise, like the Cooperative for Academic,
Social and Emotional Learning, I remember the doors closing one after the other,
arguing that school was not the place for developing such ideas and that the fact of
teaching emotions to children was nonsense that should be considered, if maybe, at
home. Fortunately, today, we can already see a growing interest in important
non-governmental organizations that put their ideas into practice and that consider,
finally, from a serious point of view, the teaching and learning of social and
emotional competencies at school. I can see this moving forward, and for the next
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30 years, I’m sure that researchers will continue on this path, with patience and
dedication, following the trends of other organizations that started to present evi-
dence of the positive effects of focusing on developing these competencies. I see an
exponential number of articles, reports, and initiatives that are being carried out and
a growing consciousness of the topic, which makes me see an improvement not
only in research but in concrete application. In 30 years from now, I am confident
that we will see massive development of the social and emotional learning per-
spective; we will be living in a “new normal” that would be related to the devel-
opment of these competencies in children all along with their school life, walking
together towards the achievement of the development of a more just and peaceful
society for us all (Macarena-Paz Celume, Lisa Cognard, Zoé Chamot 2020).

4 The Role of Arts in Education

My field of research has been basic education, teacher education, and sustainability.
In the past year, I have broadened my perspective, and after my article [8], I have
realized the importance of thinking in systems and the fact that we need to involve
the whole society and reconnect different systems within the society for a sus-
tainable future. For this to be possible, we must start blurring the boundaries
between different research areas. We must now realize the facts that the human
mindset needs to change with the help of both formal and informal education and
information. I really hope that in my field in 2050, we educate children to use their
hearts and mind when they make choices and decisions based on systems thinking
that helps everyone to see and understand how their actions affect other parts in the
system and in other connected systems in the society. In 2050 we have probably
realized that arts, culture, and nature are as important as core science for humans to
survive. A larger proportion of the world’s population will be reconnected to nature
then than now, perhaps with help from nature guides and nature consults that will
be an appreciated and creditable profession then (Maria Hofman-Bergholm 2020).

Solving critical scientific and humanitarian crises, such as climate change, is a
way to investigate the relationship between economics and creativity in the
twenty-first century. Arts education in the United States developed from this pairing
of utility and aesthetics, which advances an aesthetic problem-solving perspective to
scientific quandaries. Sustainable media in the visual arts is being redefined through
the development of recycled and ecological materials, which are having their debut in
many industries. In the automotive industry, unique, sustainable fabrics have crossed
over into daily wear and use. For instance, Dinamica, a suede fabric is made from
plastic bottles and clothing fibers that can cover car seats or Karuun, a compressed
timber product from sustainability harvested rattan, is used on car floors and trim, or
vegan leather made of grape skins, seeds, and stalks are the materials of automotive
dashboards, or car carpets are now made from recycled fishing nets or cork based
vinyl. All of these media and designs are used to speak to the need to eliminate the
carbon footprint and rethink transportation. Landscape paintings will be dated by
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their skylines of cell towers and wind turbines, solar panels on buildings’ roofs, and
driverless cars. A sustainable future requires a meta-cognition that not only debunks
the myth of learning styles but requires a continual search to engender insights into
thinking processes for an aesthetic and humane world (Laura Felleman Fattal 2020).

5 Future Forms of Education

5.1 E-Learning

As a field of study, educational psychology witnessed the emergence of different
perspectives that represent a shift of focus from learning as a change in behavior to
learning as a subjective construal of knowledge. However, twenty-first century
educational practices seem to have taken a middle-of-the-road position in the sense
that they draw on traditional as well as modern approaches to teaching and learning.
The so-called “eclectic” approaches are exemplar practices in which the teacher
conveys the information to the learners through didactic practices and reinforces it
through student-centered activities. The relatively recent emergence of e-learning
platforms and the subsequent calls for embracing “blended learning” might be the
first step towards abandoning traditional practices. The question, however, is
whether the new, computer-assisted practice can compensate the learner for the loss
of the traditional element in education, an element behind viewing quality education
as an end in itself regardless of the tool. Put differently, will the focus on educa-
tional tools supersede the focus on education itself? Educators will continue to
monitor the situation and argue for cohesive approaches that take into account
different areas of learning (interaction, critical thinking, reflection, etc.) to utilize the
tools for quality education (Ghsoon Reda 2020).

5.2 Inquiry-Based Learning

Science education, in my own experiences as an adolescent learner, middle school
biology teacher, and science educator, has always held the promise of providing
truly student-centered, hands-on, inquiry-based learning.

In the current environment, at least in the United States, of calls for curriculum
reform and teacher accountability standards–and the all too typically associated
high stakes testing–we have seen more focus on the teaching of content and far less
on the more messy and chaotic providing adolescent students with opportunities to
investigate authentic scientific questions and to pursue them in a manner authentic
to science’s history of inquiry.

My hope is that as we move through this moment, that teachers and students will
find opportunities to engage in this type of authentic learning. We say as a society
that we value people who can creatively solve problems. Inquiry is the appren-
ticeship required for this goal. Let’s do it (Gerald P. Ardito 2020).
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In 30 years, we will have run out of excuses for the continuation of a patronizing
socio-controlling adult agenda in education by those “who always know best” and
have concluded that there is a need for a more flexible, creative, problem-solving
workforce. The big picture of the curriculum will be centered around ‘growth’
leading to reflection and inquiry—realigning knowledge acquisition onto the
development of three core skills:

• first, enabling all students to become successful learners who enjoy learning,
making progress, and achieving;

• second, creating confident individuals who lead safe, healthy, and fulfilling lives;
and

• third, creating responsible citizens who make a positive contribution to society

This big picture will have an integrated education dimension and will advocate
that pedagogy should become more active, practical, and constructive–and embrace
learning in tune with the student’s own development. This big picture will have
moved education practice away from delivering knowledge—coupled with quan-
titative assessments and academic grades–and towards Nelson’s [9] thinking on the
pedagogic use of ‘Socratic dialogue’ as a ‘maieutic’ service—‘bringing others’
thoughts to birth with a questioning [9, p. 35 f/n].

And this shift in epistemology will enable learners to develop the citizenry idea of
‘self-determination’ [10, p. 142]—where the individual does not allow his/her
behavior to be determined by outside influences but judges and acts according to
his/her own insights, his/her own developing awareness. This will be education in the
round, fit for the purpose of developing well-rounded people (Brian Lighthill 2020).

5.3 Self-Directed Learning

Education in the next 30 years will be non-textbook, paperless and the learning that
takes place is more focused on the output carried out collaboratively between
students from primary school level to tertiary level. Assessment will no longer be
based on knowledge and understanding only but will extend to the level of
understanding to analyze, practice, and generate new ideas that are more dynamic.
Future education involves the process of research, the discovery of new knowledge,
testing of hypotheses and investigations, and students working collaboratively. The
education system in the future is able to offer wider learning experience opportu-
nities. For example, teachers emphasize the diversity of students when applying
thinking skills. Future challenges require a generation capable of thinking and
making decisions. As such, case-based learning is a learning method that can
provide opportunities for students to think by applying theory to practice in the real
world. Even thinking tools such as thinking maps in the form of advance organizers
can be applied to students as thinking tools that benefit students throughout their
lives. This is because thinking skills are skills that differentiate between innovators
and followers. The next 30 years of education give students space to build
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themselves with certain skills such as thinking skills, problem-solving, and decision
making. Through these skills, the next 30 years of education culture will change to
self-directed learning, self-regulated learning, mastery learning, and independent
learning using the latest technology and free learning wherever they are. In this
regard, sophisticated infrastructure with the changing role of educators as capable
facilitators through the teacher-scholar approach should already be planned. The
culture of teacher-scholar should be lifelong learning where the government pro-
vides opportunities for all teachers to improve educational qualifications and cul-
tivate research in teaching and learning and share every discovery through the
publication of high-impact journals (Nurulwahida Azid, Tee Tze Kiong 2020).

5.4 Developmental Education

Education is a discipline in development. A discipline that is continuously renewed,
like the phoenix, the fantastic animal of mythology that is periodically reborn from
its ashes, while retaining at the same time its dynamic nature of identity. The myth
of the phoenix brings together the dialectic of opposites in education, as the plu-
rality of research objects, the multiplicity of methodologies, the relationship with
other sciences, the synergy between theory and practice, and so on. Education
rebuilds itself in always different ways, planning new solutions and paths for
learning environments design. In the next thirty years, education will go towards
developmental education, a science that studies the possibilities of education itself.
The concept of educability will substitute the basic idea of education since the
teaching and learning processes will be more and more adaptive, and any study in
this area will have to cope with the multiple variables which contribute to the
educational development of the mind in epigenesis to individuate the guiding cri-
teria for regulating educational actions. Even if there will be unpredictable issues in
the interplay between teaching and learning, the basic keys to the future of edu-
cation will probably focus on empowering personal cognitive potential through the
individuation of core preferences in organizing learning. The interplay between
education and technology will be enhanced, and mobile learning will be increased.
In the future scenario, a grounded scope of the frontier of education will be to
co-create tailored approaches to enhance adaptation processes to any situated
learning environment (Flavia Santoianni, Alessandro Ciasullo 2020).

5.5 Evidence-Based Education

Thirty years from now, education will draw more from research evidence in
decisions that are made about teaching and learning methods and practices. For
example, research findings on the mechanisms of the brain will increasingly impact
how instruction is provided (e.g., much like how we can now monitor heart rate and
other physiological activity, brain activity can be monitored so that instruction can
be adjusted to fluctuations in levels of concentration, interest, tiredness, etc.).
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The artificial compartmentalization of subject disciplines will largely disappear, and
many education systems will adopt a more holistic approach to learning (i.e., future
iterations of project-based learning and phenomenal education). There will be more
emphasis on ensuring learners’ understanding of their own health and psychological
well-being and of global and environmental issues–including the responsibilities
these entail. The cultivation of competencies in communicating and relating with
others, cooperation and collaboration, self-regulation, graphicacy, and critical
thinking will become integral components of instruction provided in the formal
education. By then, teacher education will also have had a major overhaul so that
the knowledge and skills teachers develop will have greater relevance to the
learning needs of students they will teach (i.e., it will move on from the models and
systems developed as far back as the 1950s that are still being used at the time of
writing this opinion) (Emmanuel Manalo 2020).

5.6 Education in the Information Age

As a result of the rapid advances in science and technology in our life, I foresee
radical changes and reforms, especially in science education, in the next 30 years.
At the beginning of these changes may be the change of the components of science
education, which has an integrated structure by its nature. In a clearer sense,
computer science and data science may be added to physics, chemistry, and biology
sciences, which are covered by science education. The needs of the era shape the
education programs, and the age we are in is called the “information age.” So, the
need for individuals who can produce and analyze information will increase, and
science education will have to integrate computer science and data science disci-
plines into its body to meet this need. Or science education may need to cover
computational physics, computational chemistry, and computational biology, which
are newly developing disciplines. Schools and universities that teach teachers
should be prepared for these rapid and sharp changes (Kaan Bati 2020).

5.7 Entrepreneurial STEM Education

Theworld has been changing due to scientific and technological advancements.When
the first computer was invented, we would not imagine being able to control many
things through small mobile phones that had touch screens and wireless rechargeable
batteries. Nowadays, we all are becoming digital and focusing on distant education
due to the current global pandemic–COVID-19. These changes havemajorly emerged
due to entrepreneurship and STEM competencies. Similarly, it is very difficult to
dream of what we can achieve 30 years from now. Everyday life might change
according to the type of citizens that we create. Citizens who are equipped with
entrepreneurial STEM competencies can be aware of potential risks, learn from their
possible failures, realize the opportunities and use sustainable resources. Their
innovative perspective, curiosity about their surroundings and beyond, and
initiative-taking skills by gauging the risk level can help develop the economy,
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society, science, health, and environment as well as make us more prepared for future
global epidemics. Imagine a future where students have an entrepreneurial STEM
perspective. They can create their own STEM products and services that ease daily
life, increase the wealth, health, and education in society and help protect the envi-
ronment and the world that we live in. Entrepreneurial STEM education has the
potential tomake this dream come true as long aswe provide an objective and ethically
correct entrepreneurial perspective. It is our hope that in the next 30 years, the
importance of entrepreneurial STEM will be understood, and entrepreneurial STEM
will become a part of education at all levels (Sila Kaya-Capocci, Sedat Ucar 2020).

5.8 Education for a Super-Smart Society

The Integrated Education and Learning 2050 is to prepare people to face the
super-smart society 5.0. To become members of society, we must have good col-
laborative skills and communication skills and must also be able to manage group
activities and social interactions. In the world of education, individual learning
approaches, such as creative thinking skills, critical thinking, and metacognition,
can increase individual autonomy. That includes adaptability, independence, and
flexibility. The individual must have digital literacy skills and information and
communication technology, including the use of technology as a tool for learning,
communication, and collaboration. Local culture is one of the determining factors
for an individual to be able to enter the super-smart society 5.0. “Local culture is the
strength of people's character in entering the super-smart society 5.0.” From 2026 to
2050, we will realize Super Smart People 5.0 through local culture as a whole in
society (Wahyu Widada, Dewi Herawaty 2020).

6 Conclusion–The Role of Integrated Science in Education

6.1 Education for the Equality

The promotion of education for democratic, inclusive, and plural citizenship will
necessarily involve the curricular and didactic treatment of relevant social problems
or socially alive questions. Unequal gender relations, as a social problem and,
specifically, as a socially alive question (Objective 5 of the SDG), require the
educational incorporation of the concept of gender as a social and historical con-
struct and a category of analysis in the history and other social sciences education.
The approach of students to the complexity of their local and global reality will
continue to require resources of critical literacy to achieve a true education in and
for equality, the visibility of all the constructive voices of social knowledge, and the
critical analysis of the underlying intentionality of social narratives, particularly
those developed in the consolidated digital spaces of social relation (Delfín
Ortega-Sánchez 2020).
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6.2 Controlling Scientific Ethics and Social Issues

Over the years, integrated science education has contributed positively to solving
many challenges with varying degrees of complexity. Across a multidisciplinary
approach, integrated science has succeeded in occupying the development of
advanced digital-based science and technology that makes it easier for humans to
carry out activities and solve daily problems. However, we understand that the
universe's behavior is always a mystery and requires a continuous struggle so that
humans can ever live safely and prosperously. Furthermore, over the next 30 years,
many tremendous challenges will be difficult to predict. We face the fact that
limited natural resources and the balance of the universe due to climate change and
instinctive behavior that threatens both naturally occurring and human-induced are
still verifying the existence of integrated science. Besides, integrated science must
be able to provide solutions to the fact that the world population will explode with
an abundant number of elderly citizens, so treatment and care technology must be
more sophisticated. DNA engineering technology will be one of the solutions for
curing degenerative diseases more accurately. This technology is also very likely to
give birth to magical babies with extraordinary intelligence. Furthermore, the
impact of the development of AI in the future will be an idea that sounds like
science fiction with the prediction that AI will be more reliable than human intel-
ligence. Therefore, integrated science has two roles at once, not only guarding the
development of science and technology sustainably but also strictly controlling
scientific ethics by promoting the more civilized aspects of humanity (Abdurrahman
Abdurrahman 2020).

The future of scientific-educational pedagogy must draw heavily from the
intersections of the disciplines of cognitive psychology, neuroscience, philosophy
of mind, and social and political philosophy. The function of neuroception in the
learning responses to hostile social environments will help reform educational
practices, policies, and institutional cultures (Horace Crogman, Maury Jackson
2020).

Core Messages

• Integrated education and learning need to develop thinking skills, partic-
ularly computational, scientific, and critical thinking.

• Early childhood education is important in developing a new intelligence
and social and emotional learning.

• Arts in education can help prepare learners for systems thinking and
thinking sustainability.

• Future forms of education and learning include e-learning, inquiry-based
learning, self-directed learning, and developmental education.

• Integrated science can help develop education for equality and for con-
trolling social and ethical issues (Fig. 1).
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