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Chapter

Coding and Creativity: Reflections
and Design Proposals

Simona Fervari and Federica Pelizzari

Abstract

The aim of the chapter is to reflect on and guide the design of coding from the
perspective of creativity and the development of critical thinking. The assumption
is that coding is seen from a functionalist perspective: it is used to know and practice
languages that allow and force a culture of market-driven schooling. Starting from
presenting and discussing four different paradigms for viewing code, we will show
why emancipatory and interpretive paradigms could introduce coding to develop
creativity and give students the capacity to be true democratic citizens of the world.
We will describe design elements of these two paradigms and the connections with
a media educative point of view. Therefore, this chapter examines coding from
an emancipatory perspective and uses critical thinking to reduce the risk of being
controlled by the informational society.

Keywords: coding, creativity, paradigms, media education, critical thinking

1. Introduction

The term coding, although now widely and variously mind used, “suffers” from a
certain underlying ambiguity that conditions a consistent and homogeneous applica-
tion in different educational contexts.

This ambiguity derives primarily from the fact that the literal translation of the
term is that of “making code”, the sense of which is not unambiguous and can be
understood as “assigning a code”, “translating into a code,” and “writing code” with
the purpose of providing a machine or other entity with the instructions necessary to
make them operate according to our intentions.

Some confusion of perspectives also results from this in the definition of the
concept of “computational thinking” [1-3] which has always been connected to the
concept of coding.

Definitions include that of Wing [4], who considers computational thinking to
be the ability to solve problems, including those related to understanding human
behavior, using systems and approaches specific to the computer sciences, such as
abstraction, debugging, and remixing.

Aho [5] takes up this perspective in part and considers computational thinking as
the set of thought processes involved in formulating and solving problems through
solutions that can be represented as computational steps and algorithms.
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The equivocal of the coding concept strongly conditions its development and the
possibility of grasping its real opportunities to “teach thinking,” proliferating visions
of its application: the possibility of supporting the development of logical thinking,
the development of specific problem-solving skills [6], and the opportunity to further
engage students in the study of science subjects and computer science.

Against this background, this chapter investigates the relationship that coding can
have with creativity and how both can be developed within instructional designs in
preschool and elementary school.

2. Conceptual framework of creativity

Creativity starts from the idea of contrasting divergent and convergent thinking.

According to Guilford [7], convergent thinking operates within established
patterns, approaches the problem with a certain method and, through the latter, and
finds the only possible solution. However, using divergent thinking outside the estab-
lished patterns allows one to approach the problem with a fresh perspective, arriving
at original solutions and identifying the creative process with the typical dynamics
of problem-solving. Thus, divergent thinking is expressed in not only the search for
exact solutions but also in the multiplicity and originality of the answers given, the
richness of ideas, and the restructuring of the subject matter.

Various models have been developed to explain the mechanism that regulates
or from which creativity originates, including the factorials (cognitivist-oriented)
models, which consider creative thinking to be an articulated unit that can be
broken down into parts called factors and identified through surveys and statistical
analysis [8-10].

Sternberg and Lubart [11] carried out a comprehensive survey of the landscape of
creativity studies and observed that historically, this line of research has faced several
obstacles, probably due to a broad cultural legacy that regarded creativity as some-
thing “mystical” and unexplainable.

According to these studies, creativity consists of the “ability to produce something
new (original, unexpected) and appropriate (useful, adaptable to the set task),” thus
elaborating the investment theory of creativity [12].

Finally, Resnick [13], analyzing the ways in which children learn, seeks to identify
and enhance the creative dimension as the key to meeting and overcoming the chal-
lenge facing today’s children to become tomorrow’s adults.

As Resnick argues in the TED Talk “Let’s teach kids to code” (https://www:ted.
com/talks/mitch_resnick_let_s_teach_kids_to_code), when children create a coding
project, they also learn to program; however, more importantly, they also program
to learn. Because by learning to program, they learn a thousand other things, thus
opening up new learning opportunities.

From these considerations, Resnick opens up to the view of the learning process
represented as a “spiral of creative learning” (Figure 1): exploration of the world (and
consequent knowledge) occurs through manipulating objects and experimenting,
building things and testing their functionality, reasoning by prototypes and identify-
ing errors...all ways in which children learn and through which they develop knowl-
edge of the fundamental laws of the environment in which they live.

This should be the training ground for exercising creative thinking throughout
life, during which each individual must continue to learn to exist in the world.
Imagining, creating, experimenting, sharing, and reflecting should be the stages of
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Figure 1.
Resnick’s spival of creativity. Source: https:/fwww.flickr.com/photos/wfryer/37920982305. Author: Wesley Fryer.
License: CC-BY 2.0.

a process to be reproduced continuously, the cyclical repetition of a sequence (to use
an appropriate metaphor, in terms of programming) to be applied and cultivated
throughout life, as the inexhaustible engine of one’s learning process.

Resnick [14] goes further to think about how design that works with coding and
creativity can work. This led to the 4P model, which consists of designing teaching
around four key words: Project, Peer, Passion, and Play. The four P indicate:

* Projects: people learn best when they are actively working on meaningful
projects, generating new ideas, designing prototypes, and iteratively improv-
ing them,;

* Peers: when learning becomes a social activity, people can exchange ideas, col-
laborate on projects, and grow together;

* Passion: when people work on projects they care about, they work longer, harder,
overcome challenges, and learn more along the way;

* Play: learning involves fun experimentation. Try new things, tinker with materi-
als, test your limits, take risks, and do it repeatedly.

From this perspective, coding should be introduced in school as a cross-curricular
activity precisely because cross-curricular is the skill it enables. Computational think-
ing does not require technology, and it precedes technology.

The adoption of coding as an activity to exemplify concepts, describe procedures,
solve problems, and find solutions can be entrusted to teachers of any discipline;
in fact, this activity does not require specific computer skills, as it provides an
interdisciplinary perspective, combining creativity and imagination with logic and
mathematics.

Learning to be effective must be meaningful [15], which means it must motivate
and engage pupils actively, bringing both logical and creative competence to bear.
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3. Paradigms of coding

Creativity and coding do not always stand together. It depends how teachers
perceive them. To reflect on coding from the perspective of creativity’s conceptual
framework presented, it is necessary to introduce four possible paradigms of coding
[16]: postmodernist, functionalist, interpretivist, and emancipatory.

The first understands coding as a creative activity oriented to the think-make-
improve process; it finds its natural application in informal settings, within spaces
such as FabLabs or communities such as CoderDojo. In addition to being oriented by
what the media returns on the topic, it focuses attention on coding as a tool that—in
line with digital media—calls for the revision of teaching practices, the return of the
laboratory, the flipped lesson, and interrelationships between informal and formal
learning.

In contrast, the functionalist paradigm approaches coding as a language useful
for better understanding school subjects, on which programming activities can be
grafted. Strongly recalling an idea of school as a space of instruction for profit [17], it
approaches coding from a disciplinary perspective [18-20].

The third, interpretive, uses coding to develop critical analysis; coding is a device
to develop critical thinking. The actions of disassembling to understand and reas-
sembling to create [21] are the basis of the creative approach based on problems and
solutions [22] that well activates the use-modify-create transition [23].

Finally, the emancipatory paradigm resorts to coding to overcome the dictator-
ship of the script [24]. In a political-social context, it starts from self-awareness and
empowerment and goes beyond the digital into the outside world, trying to unhinge
its logic.

In order to better understand the implications of these four paradigms for con-
structing implementation paths, it is possible to think of an organization that works
on a dual axis.

On the one hand, the first axis is what we might call functional enrollment: from
this perspective, coding can play a facilitating function with respect to the adaptation
of subjects to a society like ours marked by the cultural and productive prominence of
information technology, or a critical function of soliciting suspicion with respect to
the risk of homogenization and the renunciation of thought.

On the other hand, the second axis is what we might refer to as the axis of educa-
tional enrollment: from this perspective, coding can be thought of both as a pedagogi-
cal logic through which to build the citizen of tomorrow and as a social logic aimed
at releasing energies and activating resources. In the former case, we move within
formal contexts (such as school), while in the latter, we occupy nonformal contexts.
In the first case, coding is an education; in the second, it is a form of expression, a way
of being, even an experience of media-activism.

Constructing the two axes in the form of a Cartesian plane, four quadrants are

identified to examine as many ways of thinking about coding (Figure 2).

The hypothesis emerging from discussing with teachers and working in the
classroom is that the adaptation perspective prevails in the teachers’ representations.
Either coding is an activity that serves primarily to prepare future professionals in
school by getting them accustomed to interacting with the languages of computer sci-
ence (functionalist paradigm), or to unleash the creative possibilities of children who
are finally allowed to express themselves in their most natural ways (postmodernist
paradigm).
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Figure 2.
Matrix of the four paradigms with vespect to coding education.

Education’s interest is on the lower end of the quadrant. The protagonist here is
critical thinking, the call for deconstructive reflection, the systematic teaching of sus-
picion as a means of gaining meaning at a deeper level. From this perspective, coding
ceases to be thought of as a gymnasium of future computing and is seen in its more
specific pedagogical valence, namely that of being a media education activity, moving
beyond the dictatorship of the script. This expression refers to the inherent ambiguity
of the 2.0 logic; in fact, while merely filling in the format presents itself as a winning
aspect of these applications, by virtue of the ease and navigability this entails, it also
results in standardization. The script encourages the dissemination and polarity of
computer applications but robs the user of the ability to modify formats. Owning the
code, in this perspective, means knowing what is “behind the script” and being able
to modify it if one wants to.

Therefore, the problem is not the new technology itself but how it is used; one can
opt for games and activities that make one passive in this interaction or one can devise
tools and programs that open up a thousand possibilities and engage children in the
process of creative learning and playing.

To understand how teachers see coding, it is important to collect their representa-
tions of it.

Representations are cognitive systems, processes adopted by subjects to control
the natural fear of the unknown, “to understand and act upon society, serve them as a
reference frame for their thoughts and decisions, and color their imagination” ([25],
p. 952). Moscovici had studied anchoring and objectification as systems that allow
making familiar what is unfamiliar or novel. In particular, Moscovici had emphasized
the role of social representations as a guide of behavior.

To investigate what is the most popular representation of coding, we recalled a set
of 12 images (three images for each model) (Figure 3) employed in a previous study
designed by Center for Research in Media, Innovation and Technology Education

(CREMIT) and completed by 989 subjects [26].

The images metaphorically represent the various characteristics of the four
models: the functionalist model and the postmodernist model are visualized through
think-make-improve activity and more logical-mathematical research, while the
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Figure 3.
Four coding paradigms and images.

interpretive model is visualized as critical analysis and the emancipatory model as
overcoming the script.

Images provide an alternative to word-based surveys and are growing interest in
social research methods [27]. The two surveys in this study involved 24 kindergarten
educators and 23 primary school teachers in 2021 and 2022.

Educators and teachers were asked to choose the image that, in their opinion,
represented the vision of coding and how it works in education. They were not told
either that these images depicted approaches to coding on a symbolic level or what
paradigm each image was associated with. In Figures 4 and 5, you can see the results.
It is evident that postmodernist representation is the most common one.

Merging the data from the individual images, it can be seen that in kindergarten
educators’ representations of coding, the postmodernist model emerges overwhelm-
ingly (76%), followed by the functionalist (18%) and the emancipatory models (6%).

Furthermore, in primary school teachers, the representations are even dichoto-
mous: 74% of them represent themselves in the postmodernist model and 26% in
the functionalist model (Figures 6 and 7). These data bring with them a reflection:
it is precisely educators and teachers who need to change their perspective, leading
students to be able to develop divergent thinking and meaningful learning.
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Images of coding for primary teachers.

Theoretical framework on creativity and on coding with these initial data was
discussed with educators and teachers to reflect about teaching and learning. This
phase has been the starting point to change the design of coding, moving it from a
framework related to the simple application of code to one open to creativity and to
monitor and to evaluate the outcomes of learning.
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Figure 6.
Distribution of paradigms for preschool educators.
Percentage distribution related to the four paradigms
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Figure7.
Distribution of paradigms for primary teachers.

4. Good design practice

If coding can admit such a broad framework of application possibilities in educa-
tion, it is possible to reason about it in terms of skills and problem-solving strategies
[28]. Specifically, in response to the emerging need to shift the design of coding from
an alphabetical-informational paradigm to a creative paradigm, we have moved on
three sliders:

* of competence;

* of problem-solving;

¢ of Media Education.
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Let us start with the first one. As research focus, coding is mainly developed
within specific hours, referred to as code hours [29, 30], and how it is used to explore
STEM disciplines or logical-mathematical skills with computational thinking [31,
32]. However, this does not show how coding allows one to go beyond skills and get to
developing competencies.

According to Le Boterf [33], competence is not reducible to a set of atomic and
separate performances, but rather tends to be thought of as an integration of the
resources possessed by the individual, involving the activation of knowledge, skills,
and personal dispositions relating to both the cognitive and the socio-emotional
and volitional planes. Its expression requires bringing into play and mobilizing the
wholeness of the person in its multiple dimensions [34]. It also requires going beyond
behaviors observable and to pay attention to the internal dispositions of the subject.

According to this understanding, the construct of competence turns out to be
inclusive of the different dimensions involved in the learning process [35], which can
be traced to the following three planes:

* knowledge, understood as representations of the world that the subject con-
structs for himself through the prompts that come to him from the external
environment and codified knowledge;

* skills, understood as operational schemes that enable the subject to act in physi-
cal and mental form on material or symbolic objects;

* dispositions to act, understood as the subject’s attitudes to relate to the context in
which he or she operates.

In this perspective, competences reside in the mobilization of the individual’s
resources (knowledge, skills, attitudes ...), not in the resources themselves. Thus,
they take the form of knowing how to act (or react) in a given situation or context to
achieve a performance.

Moreover, developing situated competence means working not only on the
subject’s resources but also on the conditions that lead him or her to effectively
mobilize his or her resources (knowledge, skills and personal, and social and/or
methodological abilities) in relation to a situation-problem, with the aim of proposing
effective responses that express their full responsibility and autonomy [36]. To “act
competently,” a person must be able to “read” the situation-problem [37] according
to “competent” patterns, leading him or her to interpret it, assign meaning to it and,
consequently, make relevant decisions. Based on such decisions, the person will take
effective actions in response to the situation itself, choosing from a set of strategies
available to him or her [38]. Finally, the person will have to evaluate in progress the
quality of his or her interpretations and actions, revising and changing them should
they prove inadequate in the course of events.

Coming back to coding, it develops skills of a significant and transversal type,
leading to a model of “competent action” that continues to review, deepen, and bring
into play the learning system of the individual student and the class group.

From this perspective, in line with Le Boterf [39], we can place the coding actions
designed by educators and teachers on the slider of competence (Figure 8).

The competence’s slider makes it visible and questions the design of student’s
requests: complex situations require multidimensional understanding of needs;
mobilize resources (knowledge, skills, and attitudes) at individual level or social one;
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Figure 8.
Le Boterfs slider of competence.

broad visions in terms of resolving possibilities; request to take initiatives and are
open to innovations; and set up a setting that allows the possibility to act safely, to
take responsibility and risks without fear of negative feedback or failure. Complex
situations involve students in:

* acting:
* wanting to act on an internal and external personal motivation [40];
* being able to act.

From this perspective, we can insert ourselves with a reflection on the type of task
and situation-problem that it is necessary to propose within the teaching of coding.
The goal of the activities must be to give meta-reflective momentum to the students
[41], allowing them to re-evaluate the error as a way to learn and return to their own
steps by analyzing how to adjust, improve, and change their practice.

Second slider is related to the problem-solving process and student’s involvement.
The scientific literature reports that problem-solving in coding is essential, and it is
the first skill developed and observed [42-45].

On this basis, it is essential to propose activities that move from Veridical
Decision-Making (VDM) to Adaptive Decision-Making (ADM) [46], two strate-
gies studied within the neuroscientific understanding about how our brain makes
decisions.

VDM occurs when the problem situation provides only one correct solution, and
the task is to find it. Conversely, ADM occurs when the problem situation provides
more than one possibility for effective solution and the task consists of finding the
most functional one.

If you try to combine the slider of competence with these two decision-making
strategies, you can notice how VDM is typical of the development of skills, while
ADM can be inserted within the competences.

Moreover, you can then think about the design of teaching with coding from
the perspective of ADM and competences, going to work on resources, setting and
motivation just proposing situations-wide problem, with different possible solutions
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and with a collaborative and comparative expendability that allows students to be
meta-reflective among themselves, thus enhancing the continuous communication-
relational exchange.

If these two factors of competence and strategy work on the problem, it is possible
to graft the four coding paradigms explored earlier.

Considering the representations of educators and teachers, it is possible to place
the functionalist and postmodernist paradigms within the development of skills
and work on VDM. This is because programming language decision-making and the
think-make-improve system leads students to focus on a linear problem situation with
a single solution that can be taken apart and reassembled and that has right or wrong
feedback within it, without the need for meta-reflection work. In these two para-
digms, the work is possible to do individually and without continuous comparison
with peers.

In contrast, the interpretive and emancipatory paradigms lead students to work
from the perspective of competences and AMD logic. The reason for this is precisely
implicit in action design: working on critical analysis and overcoming the script
require having complex problem situations, which require broad solutions and may
be different depending on the type of resolution perspective. Moreover, applied
decision-making must adapt to the context and be flexible with respect to possible
changes and relaunches given by peers, with whom it is necessary to work to arrive at
functional resolutions.

In Table 1, let us try to summarize the design features that coding can have, work-
ing on three types of skills: decision-making, problem reading, and its resultant and

transversal competence.

The last slider refers to the media education approach. If the intention of coding
is to go to work on media activism as well, from the perspective presented here, it
is possible to place it within new media literacy education [47], considering critical
development in terms of rethinking media and their algorithms, not only on a techni-
cal level.

The goal of the new media literacy education is not adaptation, the mere acquisi-
tion of skills to interact with technological tools that are dropped on us from above
[48]. The goal of media education for democracy is to train for citizenship, for the
acquisition of the skills to use and think about technologies in a critical and empower-
ing sense [49]. In addition, in this model, coding comes full circle only if it is creative
and participatory.

In addition, this can only be done through an instructional design of coding that
moves away from the logic of the Hour of Code and closer to an active strategy that

Design for skills—VDM Design by competence—ADM
“Reading” the problem “Closed” problems: only one way Problems “open” to multiple

of interpreting the situation interpretations
Way of dealing the problem One single solution Multiple solution strategies
Process work system Individual Collaborative/cooperative
Evaluation of activities Right/wrong feedback Meta-reflection on one’s strategies
performed

Table 1.

Summary table of approaches to coding versus instructional design sliders.
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tits cross-curricular with the teaching of disciplines and fields of experience, with a
relaxed and vertical time.

Of course, the design shift is not easy to apply. However, if it is true that coding
aims to develop complex and therefore flexible thinking, it will be increasingly neces-
sary to move forward in this direction.

The sliders are the three important designing questions for the development of
creativity through coding: put in place by teachers, it is then possible to strive and
destroy simple univocal thinking to open up toward creative thinking of a thousand
opportunities.

5. Conclusion

The perspective that has been outlined leads us in conclusion to look for the rela-
tionship between coding and creativity in three essential movements in education: the
first is related to microlearning [50], which increasingly requires a student-centered
design [51, 52] that sees the teacher as the one who not only leads but also guides the
activities and thinking. The second is related to the way of reviewing and reevaluat-
ing convergent and divergent thinking; if the former leads the student to learnin a
closed way, which does not allow him/her to see knowledge and skills from his/her
own perspective, it is necessary to deepen and develop the latter, as forma mentis and
as a modus operandi, not only of the student but also of the teacher. Finally, the third
movement is that of moving from product assessment and observation to process
assessment and observation [53]; it is in this process that meaningful learning takes
place and enactment becomes possible, allowing one to develop one’s own innovative
thinking.

These three elements come together precisely in the coding methodology, not only
bringing the student to the center but allowing him or her to see different solutions to
real problems and looking at the work process as the focus of creation and metacogni-
tion activities [54, 55]. Moreover, if these three elements are developed in a circular
sense, creativity will be developed consistently and fluently.

The final value of coding lies precisely in its educational potential: doing coding
means developing critical thinking, it means doing Media Education [56].
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