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Abstract

Creativity and digital technologies are considered to be central for success and devel-
opment in the current society, becoming crucial educational objectives worldwide.
Nevertheless, education often fails to keep pace with creative and digital economies; this
is mainly because teachers are not prepared for adopting pedagogical strategies that foster
creativity or for fully exploiting the educational potential of digital technologies. Based
on the seminal theories of creativity, we propose an innovative framework for applying
creative teaching practices mediated by digital technologies: in the light of constructivist
and constructionist approaches, we suggest a series of digital tools which are particularly
suitable to the emergence of creativity, i.e. manipulative technologies, educational robot-
ics and game design and coding. Furthermore, we shape the concept of digital creative
pedagogies (DCP) and establish a set of characteristic components of teaching practices
which contribute to the development of students’ creativity. Drawing on a substantial
body of research, the chapter intends to embed educational creativity in the digital culture.

Keywords: creativity, digital creativityd, digital creative pedagogies, manipulative
technologies, educational robotics, game design and coding

1. Introduction

Creativity is considered to be critical for facing the social and economic changes of today’s
society [1, 2], as well as for attaining personal development, social inclusion, active citi-
zenship and employment [3]. In addition, the labour market depends more and more on
employees’ abilities to work with technologies, as well as to generate new ideas, products
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and practices [4]. In this context, digital and creative skills have gained the attention of
worldwide policies and have become important educational objectives [5].

Nevertheless, a gap remains between policies and practices, as education often fails to keep
pace with creative and digital economies [4, 6]. This is mainly because teachers are not pre-
pared for adopting pedagogical strategies that foster creativity or for fully exploiting the
educational potential of digital technologies.

Beghetto [2] identified a series of obstacles to the integration of creativity in the classroom,
including convergent teaching practices and teachers’ negative beliefs towards creativity.
Furthermore, educators are not prepared to apply creative teaching strategies which match
their institutional and curricular requirements [7].

Regarding digital technologies, the “EC report on initial teacher education in Europe’ [8]
states that only half of European countries integrate digital education in teacher education.
Furthermore, most teachers use digital technologies mainly to prepare their teaching, rather
than to work with students during lessons. As a result, between 50 and 80% of students in
Europe never use digital textbooks, exercise software, simulations or learning games.

This chapter proposes an innovative framework aiming to prepare educators for applying
creative teaching practices mediated by digital technologies. We first attempt to conceptu-
alise educational creativity, i.e. we present the seminal theories and definitions of creativity
and the main characteristics of creative education, as well as a series of creative pedagogies.
Afterwards, we propose a framework for digital creativity in education, including a defini-
tion, a series of pedagogical theories and digital tools which are particularly suitable to the
emergence of creativity. We finally establish a set of characteristic components of digital cre-
ative pedagogies (DCP), that is, teaching practices which contribute to the development of
students’ creativity.

2. Creativity in education

2.1. Different approaches to the study of creativity

Creativity constitutes a complex and elusive concept which remains difficult to explore. It
has been studied through the lens of different paradigms, for example, pragmatic, psychody-
namic, psychometric, cognitive and evolutionary approaches [9]. Some of those have brought
valuable contributions to the understanding of creativity; nevertheless they do not allow for a
holistic approach of the phenomenon. Hence, several theories attempted to explore its differ-
ent dimensions in a comprehensive manner.

For instance, Csikszentmihalyi [10] described creativity as the result of a system composed of
three distinct elements: (a) the domain, which contains a specific set of rules and practices; (b)
the individual, who produces a novel variation in the content of the domain through cognitive
processes, personality traits and motivation; this variation is evaluated by (c) the field for its
inclusion in the domain.
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Furthermore, Rhodes [11] developed the four P’s model, which places creativity at the inter-
play of four distinct strands, i.e. process (the different stages of a creative activity), person
(the characteristics of individuals), press (the qualities of the environment where creativity
happens) and product (the tangible or intangible outcomes of the creative process). Rhodes’
classification has become a major framework for the holistic exploration of creativity. The
next subsections examine the four components in the light of influential theories of creativity.

2.1.1. Process-oriented approaches

Those theories mostly explore and describe the creative process through an iterative sequence
of stages [12], which commonly consist of the identification of the task, a phase of preparation
and an evaluation of the obtained outcome. Nevertheless, process models present some dis-
crepancies: some researchers view the emergence of ideas as a sudden and intuitive process
characterised by an illumination or insight (e.g. [10]); on the contrary, other theories describe
a mindful process of idea generation [12]. For instance, the well-known componential model
of Amabile [13] proposes a system of five phases: (a) problem or task identification (conscious
recognition of the task or problem), (b) preparation (building or reactivation of the informa-
tion which is useful to the completion of the task), (c) response generation (creation of pos-
sible solutions or responses), (d) response validation (evaluation of the possible responses or
solutions) and (e) outcome (evaluation and diffusion of the outcome).

2.1.2. Person-oriented approaches

Here researchers use biographical and historiometric methodologies to explore the indi-
vidual characteristics and personality traits of creative persons. Such theories result in a
series of creative individual components which include thinking styles, personality attri-
butes (e.g. a positive disposition towards overcoming obstacles, taking risks and tolerating
ambiguity) and intellectual abilities [14], as well as concentration, playfulness, discipline,
passion and objectivity [10]. Amabile [13] brings a classification which differentiates
domain-relevant skills (knowledge and skills in the domain), task motivation (extrinsic
and/or intrinsic) and creativity-relevant skills (personality characteristics, like flexibility
and a persistent work style).

2.1.3. Press-oriented approaches

This strand concentrates on the characteristics of the environment which may nurture
or hinder creativity. First, social, cultural and political factors may influence creativity
[15], like family upbringing, cultural traditions and the historical milieu [16]. In addition,
Csikszentmihalyi [10] highlighted some environmental features which may foster creativity,
including training, expectations, resources, recognition and reward. Similarly, Amabile and
Gryskiewicz [17] identified a series of elements of the workplace environment which may
foster creativity, such as freedom, challenge and leaders’ recognition. At the contrary, some
factors proved to hinder creativity, like time pressure, evaluation [17], lack of respect and
competition [18].

109
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2.1.4. Product-oriented approaches

The last dimension focuses on the tangible or intangible outcomes of the creative process.
Researchers commonly define two characteristics of creative products, namely, usefulness and
novelty [12, 13]. Usefulness refers to the adequacy of the outcome to its context of use. As for
novelty, literature distinguishes between Big-C (consensual) and little-c (personal) creativity [19].
Kaufman and Beghetto [20] proposed a Four-C Model which differentiates mini-c (interpretive
creativity), little-c (everyday creativity), Pro-C (expert creativity) and Big-C (‘legendary’ creativity).

2.2. Towards a definition

Defining creativity results to be a complex task [21]. The word has been applied to a vari-
ety of fields, settings and theories [22]; hence, scientific literature lacks a sound definition.
Nevertheless, there appears to be consensus on the main features of creativity [23]: it refers to
the ability to create something novel and appropriate [24]. The term ‘novel” describes an origi-
nal solution, while the term “appropriate’ refers to the usefulness of the product as applied to
a specific need [9].

As applied to the field of education, the NACCCE [22] provided a comprehensive definition,
which does not limit to the product dimension, describing creativity as an ‘imaginative activity
fashioned so as to produce outcomes that are both original and of value’ (p. 30). Cremin et al. [25]
added some components to this definition, so that it matches a personal view of creativity (little-
c): ‘purposive imaginative activity generating outcomes that are original and valuable in relation
to the learner’. In this view, creativity processes involve four characteristics: (a) they consist of
thinking imaginatively, (b) they are purposeful (i.e. directed towards a specific goal), (c) they
result in an original and valuable outcome and (d) the learner constitutes the reference point.

2.3. Characteristics of creative education

The research community views creativity as a developmental quality which is amenable to
teaching [7]. A review of literature in creative education allows for identifying three clear
characteristics of creative education:

* A democratic approach: traditionally, creativity is seen as a quality reserved for exceptionally
talented individuals [22]. This exclusive perspective recently changed towards an inclusive
one, to which all people from all ages can be creative [16, 26]. This new angle is widely
adopted in the field of education, considering that all students have a creative potential
which can be fostered or hindered depending on the teaching strategies used [27].

* A focus on little-c creativity: small levels of creativity give importance to personal processes
beyond outstanding accomplishments. As applied to education, this perspective encour-
ages students to develop new and personally meaningful insights and discoveries, as well
as to attain their full potential in their everyday domains [27].

* A domain-wide approach: creativity is often associated to the domain of arts [22]. Recently, this
scope has been widened to other areas of everyday life [27]. Hence, in the field of education,
creativity can be developed in all curricular subjects, such as languages and science [28].
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2.4. Creative pedagogies

Creativity and education literature highlights a series of creative pedagogies, that is, teach-
ing practices which contribute to the development of students’ creativity. In a review of 210
pieces of educational research, Davies et al. [29] mentioned the flexible use of space and time,
the study outside the classroom, collaborative and game-based learning approaches, as well
as respectful relationships, non-prescriptive planning and the participation of educators as
learners in the classroom activities.

Cremin and Barnes [30] outlined similar characteristics, i.e. an agency-oriented ethos, mul-
timodal methodologies, exploration and discovery, risk-taking, tolerance of ambiguity and
uncertainty and safe and non-judgemental environments. In this line, Sawyer [31] considers
the possibility to try before getting it right and the use of failure as a positive learning factor.
The author also considers collaborative and improvisational practices which allow students
for externalising their understandings and reflecting on their learning processes.

Barajas and Frossard [32] proposed a set of four main creative pedagogies, each one charac-
terised by different components: (a) learner-centred approaches (matching curricular objec-
tives with students’ interests, making learning relevant and engaging, encouraging students’
ownership and problem-solving, value learning processes above outcomes so to promote
students’ reflection on their learning trajectory), (b) open-ended ethos (providing space for
uncertainty, exploration and spontaneity in a safe classroom environment), (c) synergistic
collaboration (rich collaborative practices based on joint problem-solving and collective deci-
sion-making) and (d) knowledge connection (linking content to real-life situations, bridging
different domains and disciplines and placing knowledge in a wider context).

3. Digital creativity in education: a proposal framework

Technological devices have entered all aspects of our everyday life [33]. In this digital society,
the concept of creativity is being rethought. Indeed, the affordances of technologies may have
a strong influence on creative processes and achievements. As mentioned by Loveless [34],
‘digital technologies can be tools which afford learners the potential to extend or enhance their
abilities, allow users to create novel ways of dealing with tasks which might then change the
nature of the activity itself, or provide limitations and structure which influence the nature and
boundaries of the activity” (p. 64). Nevertheless, understanding the interplay between digital
and creative yet appears as a challenge, and the two are often studied as separate domains [4].

As a first step to bridge this gap, we propose the following definition of digital creativity, as
applied to education (based on [22, 25]): “purposive imaginative activity, mediated by digital
technologies, generating outcomes that are original and valuable in relation to the learner’. As
applied to education, digital creative teaching would consist of applying digital technologies
with the aim to support creative pedagogies, that is, learner-centred approaches, open-ended
ethos, synergistic collaboration and knowledge connection.

The following sections propose pedagogical theories and digital tools which may support the
development of digital creativity in the classroom.

11
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3.1. Pedagogical underpinnings

To our view, four pedagogical theories are particularly suitable to the application of digital
creative teaching practices, namely, experiential education, critical pedagogy, constructivism
and constructionism.

3.1.1. Experiential education

This movement questioned the pedagogical assumptions of its time, to which education relates
to an accumulation of knowledge, in favour of active student-centred methodologies based on
learning by doing and problem-based learning. To this view, learners build knowledge on
the basis of the present experience and the active interaction with their environment [35, 36].

3.1.2. Critical pedagogy

This philosophy and social movement denounces the ‘banking concept of education” which
consists of simply depositing knowledge in a decontextualised manner [37]. At the contrary,
Freire promoted the importance of developing learners’ critical awareness towards the society
and viewed education as a path to empowerment and emancipation. In this line, education
should directly connect to meaningful problem-solving [38].

3.1.3. Constructivism

This influential paradigm considers knowledge as an experience that is developed by interact-
ing with the world on the basis of prior knowledge. Hence, students are not passive recipients
of knowledge. Rather, they make sense of the world by actively building and transforming
meaning [39]; teachers become facilitators who guide students towards processing informa-
tion through active exploration. From this perspective, every learning process is creative, as
learners create their own meaning as they attempt to understand the world. As stated by Craft
[40], “in a constructivist frame, learning and creativity are close, if not identical” (p. 61).

3.1.4. Constructionism

Influenced by Freire and Piaget, Papert elaborated the theory of constructionism. He shares
Freire’s endeavour to free the latent potential of students, by creating learning environments
which connect to their passions [38]. Building on constructivism, constructionism argues that
learning better occurs when students make and share tangible artefacts [41]. Hence, this theory
is directly related to the maker and digital making movements.

Papert pioneered the educational use of digital technologies. More than information and
communication devices, he considers technologies as powerful educational tools which allow
students for concretising and expressing their ideas by designing, building and engineer-
ing. Constructionist learning environments are usually not based on a fixed curriculum.
Rather, students use technology to build their own projects, while teachers act as facilitators
of the process [38]. Hence, learners become designers. The constructionist view highlights



Strategies for Digital Creative Pedagogies in Today's Education
http://dx.doi.org/10.5772/intechopen.80695

the importance of social participation in the knowledge construction process and considers
making as an inherently social activity, through which learners design artefacts that are of
relevance to a larger community [42].

3.2. Digital tools for creativity

We suggest the following tools and educational strategies which may support digital creative
teaching activities.

3.2.1. Manipulative technologies

Manipulatives, in the context of education, are physical tools that engage students in hands-on
learning. Based on the constructivist theories, the manipulation (i.e. organisation, combina-
tion, comparison, etc.) of objects, such as blocks, figures and puzzles, is central to the learning
process, as it stimulates multisensory experience. Commonly, manipulatives are used to teach
STEAM to young students and to bring fun to the learning process [43]. Recent studies show
a high level of acceptance of digital manipulatives by teachers and students, as well as a posi-
tive impact on learning (e.g. [44]).

For example, Magic Blocks [45] are RFID-tagged logical blocks which children can manipulate
in order to perform educational tasks set by a real or a virtual teacher, to stimulate learning of
mathematical and logics concepts. LittleBits' are small electronic objects, each one with a dis-
tinct function (motion, light, sound, sensor, etc.) that easily fits to each other through magnets,
used to create electronic circuits. They stimulate the inventive nature of children to create
numberless projects while they learn not only logic, maths and electronics but also product
design, prototyping and entrepreneurship. Furthermore, digital manipulatives stimulate
a makers attitude, turning students into active creators. Learning in a makers environment
provide opportunities for disrupting students” conventional practices of invention, exploring
through play, failure, risk-taking and refiguring creation as remix and craft [46].

Virtual manipulatives, such as Wolfram Demonstrations Project,”> Shodor Interactivate
Activities®* and GeoGebra,* completely substitute the physical elements. Empirical studies
show that virtual manipulatives encourage creativity and increase the variety of solutions
that students encounter [46], which is in line with the constructivist theory.

Cubelets® and Robo Wunderkind® enable young children to design and construct robots
through manipulatives—mountable blocks that contain the functions of a robot (a switch,
a motor, a sensor, etc.). These tools demonstrated to positively change students’ attitude
towards STEM and computer science [48], as well as to foster critical thinking skills [49].

*https://www littlebits.com/
2http://demonstrations.wolfram.com/
Shttp://www.shodor.org/interactivate/activities/
+https://www.geogebra.org/

5 https://www.modrobotics.com/
Shttps://robowunderkind.com/en/
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3.2.2. Educational robotics

Educational robotics uses tangible materials to teach a variety of topics, including STEM, lit-
eracy, social studies, dance, music and art [50]. Such teaching strategy enhances students’
learning experience through hands-on/mind-on activities integrated with technology.
Nowadays, a large number of educational robotics tools are available on the market, including
LEGO WeDo” and LEGO Mindstorms,® mBot,’ Bee-Bot,'° Ozobot!' and Dash and Dot.'? For the
younger learners (age below 6 years) educational robotics often focuses on learning the basic
programming principles, simple logics and mathematics concepts. Commonly, the creation of
both hardware and software parts of a robot encourages children to think imaginatively, stim-
ulates them to analyse situations and applies critical thinking in solving real-world problems.

Ina addition, robots can be involved in teaching and learning social skills [51]. Indeed, robot-
ics activities are usually organised in a collaborative manner, with a small number of students
working together to achieve the proposed objectives [52]. Hence, teamwork and cooperation are
an integral part of any robotics project: students learn to express their ideas and listen to those
of their peers; all can offer arguments and reach conclusions jointly. Students focus on resolving
problems for achieving the goals of their projects and learn from their errors on the way.

3.2.3. Game design and coding

Since Papert first introduced the Logo programming language and the ‘Logo turtle’, coding
and developing computational thinking skills have become more and more important in
today’s world and particularly in education [53]. Mass acceptance is enabled by the avail-
ability of programming tools which are appropriate for younger learners. Indeed, several
visual programming languages using puzzle-like blocks appeared in recent years, such as
Scratch'®, Kodu' and Alice.” Students focus on learning programming concepts and practise
a variety of skills [54], instead of solving syntax problems. Those programming environ-
ments, when appropriately integrated in teaching practices, promote exploration, risk-taking
and autonomous learning, as well as increase students” motivation [55] and spark students’
imagination [56].

3.3. Digital creative pedagogies (DCP)

Based on the literature presented in the previous sections, it is possible to establish a series of
characteristic components of DCP, that is, teaching practices which contribute to the develop-
ment of students’ creativity. We organised them into four dimensions:

7https://education.lego.com/en-us/support/wedo
8https://education.lego.com/en-us/support/mindstorms-ev3
ohttp://www.makeblock.com/mbot
*https://www.bee-bot.us/bee-bot.html

“http://ozobot.com/

2 https://www.makewonder.com/dash

3 https://scratch.mit.edu/

“https://www.kodugamelab.com/

s https://www.alice.org/
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DCP dimensions Components

Learning environment Flexible use of space and time
Use of the outdoor environment
Space for exploration and discovery
Safe and non-judgemental climate
Connect knowledge to students’ life and interests
Place knowledge in a wider context
Teaching strategies Inquiry-/project-/problem-based learning
Collaborative and improvisational practices
Game-based learning approaches
Multimodal teaching approaches
Teacher-student interactions Non-prescriptive planning
Participation of educators as learners
Agency-oriented ethos
Value learning processes above outcomes
Tolerance of ambiguity and uncertainty
Promotion of risk-taking and use of failure as a positive learning factor
Mutual respect, dialogue and negotiation
Digital tools Manipulative technologies
Educational robotics

Game design and coding

Table 1. The components of digital creative pedagogies (DCP).

* Learning environments refer to both the physical and organisational aspects of creativity at
stage. Among other components, creative learning environments promote exploration and
discovery and present few constraints in terms of space and time, as well as provide a safe
and non-judgemental climate.

 Teaching strategies refer to the approaches and methodologies used by the teacher to reach
specific pedagogical objectives. For example, problem-based learning, project-based learn-
ing and inquiry-based learning allow for exploring scientific phenomena by fostering
students’ curiosity. Usually, inquiry processes apply a cycle of learning actions, which do
not necessarily occur in a linear sequence, that is, asking questions, proposing hypotheses,
investigating those hypotheses, generating new knowledge, discussing results, presenting
evidences and reflecting on emerging solutions. This open-ended process engages stu-
dents in creative problem-solving and evidence-based reasoning. Students learn how to
formulate problems into key questions so to get the best possible answers and propose
creative solutions.
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* Teacher-student interactions constitute an essential factor to provide rich learning processes. Indeed,
learning occurs in social contexts, and creativity emerges with respectful exchanges which pro-
mote risk-taking, tolerate uncertainty, see failure as positive and promote students’ autonomy.

¢ Digital tools are instruments which mediate the learning process; they aim to facilitate learners’
expression, as well as to extend their possibilities and abilities while carrying a task. Digital
tools also enhance manipulation, experimentation or risk-taking, which are key aspects of
creativity. As argued earlier, manipulative technologies, educational robotics tools and game
design/coding environments are particularly suitable to support digital creative practices.

Table 1 summarises the characteristic components of DCP and their corresponding dimensions.

4. Conclusions

This chapter aimed to embed educational creativity in today’s digital society. Based on the
seminal theories of creativity and creative education, we proposed an innovative framework for
applying creative teaching practices mediated by digital technologies: in the light of constructiv-
ist and constructionist approaches, we suggested a series of digital tools which are particularly
suitable to the emergence of creativity, i.e. manipulative technologies, educational robotics and
game design and coding. Furthermore, we shaped the concept of digital creative pedagogies
(DCP) and established a set of characteristic components of teaching practices which contribute
to the development of students’ creativity. We make the assumption that the application of this
framework allows for engaging students in new, personally meaningful processes and in the
creation of original outcomes, as well as for enhancing learning in any curricular subject.

The proposed framework highlights four different dimensions of DCP, namely, learning envi-
ronment, teaching strategies, teacher-student interactions and digital tools. Each of these dimen-
sions is equally important for ensuring the emergence of creative learning processes. Indeed,
the use of adequate teaching strategies would allow for fully exploiting the affordances of the
selected digital tools. Furthermore, a safe and flexible learning environment, paired with sup-
portive interactions between teachers and learners (and among learners themselves), would cre-
ate the necessary conditions and balance so that the learning activity takes on its full meaning.

The chapter contributes to linking two key educational research trends: one on creativity and
the other on digital technologies. It provides educational practitioners and researchers with
concrete strategies and tools for shaping and applying creativity in the digital classroom.
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