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Abstract

Background: This study presents the development of three research tools of scientific creativity. Our aim is to
evaluate the development of student creativity while students write digital stories. Three models are linked to
create a new model, called Creative, Cognitive, Qualitative Model for Creativity (CCQ tool). Our research tool
examines how creativity can be standardized, first by researchers’ views and then by teachers and students’ creative
products. The first tool is based on two existing tools; the Scientific Creativity Structure Model (SCSM) and the TTCT
Figural Subscales, and on new characteristics, the effective learning environments, as we have developed them in
the CREATIONS Program. We have tried to expand this tool by combining its key elements to the theoretical
framework of creativity, as we have approached it in the CREATIONS and the STORIES Programs. The second tool
“Students’ Creativity Evaluation Model” is a new tool that derives from empirical data and Grounded Theory
methods. It examines the expected, original, and innovative ways of students’ thinking. The third tool “Experts’
Creativity Evaluation Model” allows us to examine the role of experts thinking on writing a story. It aims at tracking
experts’ model of thinking and is viewed in comparison to the students’ creative model of thinking. We create a
qualitative tool as we believe that a qualitative method delves deeper into students’ internal mechanisms of
creativity.

Results: Twelve students’ stories from classrooms of different countries which participate to STORIES Program are
analyzed indicatively by two independent researchers. The results seem to indicate that digital storytelling increases
scientific creativity among students.

Conclusions: The main difference between expert and students’ approaches is that experts' stories follow an up to
bottom approach, while it is the opposite for students’ creative process. It has to be mentioned that almost all of
the stories combined science with creative thinking. Students transformed their personal values into stories;
therefore, this creative procedure was influenced by social, cultural, and ethnographical characteristics. The
contribution of our research is that it offers a research tool that not only measures creativity but also studies the
cognitive mechanisms involved in creative thinking.
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Introduction

Nowadays, there is a need to find new ways of scientific
thinking. Traditional methods of teaching do not pro-
mote scientific literacy, neither do they develop students’
motivation to learn. Furthermore, skills and compe-
tences play an important role in knowledge acquisition,
students’ interests, and imagination. These are not taken
into consideration when designing school curricula and
learning methods, while only few papers have examined
the combination of different domains in students’ cogni-
tive development. At the same time, Li, Wang, Xiao, and
Froyd (2020) suggest that STEM education is not a well-
defined field, while STEAM is a new innovative perspec-
tive with its own disciplines. Moreover, students have
difficulties understanding, representing, and communi-
cating their new concepts. Their prior misconceptions
and intuitions are strong, not only due to the context of
each notion but also due to the traditional ways of
teaching science. As a result, more and more students
cannot link what they learn to everyday life. Therefore,
creativity is one of the 21st century skills (Holmlund,
Lesseig, & Slavit, 2018), but any attempts to combine
creativity in school classrooms often focus on the enter-
taining side of creativity. Moreover, only few research
studies suggest that when students participate in creative
procedures, they do not only increase their interest for
science education, but they also acquire new knowledge
by using different methods of learning. We assume that
creative procedures trigger students’ internal mecha-
nisms of learning. Therefore, examining the whole pro-
cedure that a student follows in order to produce
something creative and innovative is of vital significance.
At the same time, there are a variety of definitions of
creativity in scientific community. Different perceptions
of the meaning of creativity have led to a wide variety of
techniques to assess creativity. Several research studies
combine the creative process, creative product, creative
person, and creative environment, and many suggest
standardized tests to measure creativity. We believe that
creativity is an internal mechanism of the brain that in-
fluences other representative systems. Finally, students
produce a new learning product, differently expressed
but in accordance with scientific knowledge. Little re-
search has been conducted in order to analyze creativity
using qualitative methods in an attempt to approach the
internal mechanisms of creativity as a part of students’
thinking. Therefore, this paper presents a coding scheme
to identify scientific creativity in artifacts produced by
students and experts. Our main research questions are
as follows:

1. How can we evaluate qualitatively students’ creative
thinking and the whole creative procedure that
students participate in?

(2020) 7:25

Page 2 of 22

2. Can the proposed research tools for creativity
analyze students’ creative skills?

3. Can creative skills lead to students’ cognitive
development?

4. Can digital storytelling increase student’s scientific
creativity?

The main aims of this research are to examine if the
proposed three research tools that measure creativity
can analyze students’ creative skills, offering a holistic
and deep understanding of creativity and if digital story-
telling—especially in prototype context, such as the mis-
sions on Mars—can increase students’ creativity in a
scientifically acceptable way. This research is not only
important because it offers a three-dimensional model of
creativity but also because it examines qualitatively the
internal mechanisms of creativity, and the deeper mental
competences students activate to produce creative writ-
ing. As a result, we attempt to fill the gap in scientific
creativity by not only suggesting a new definition of cre-
ativity but also by displaying a qualitative tool in order
to realize the way students think when they produce a
creative product.

The CREATIONS and STORIES Program

There are lots of works worldwide to establish a concep-
tual framework of STEM and STEAM education (Yata,
Ohtani, & Isobe, 2020). In the framework of the Euro-
pean Project CREATIONS (http://creations-project.eu/),
16 partners from ten European countries develop cre-
ative approaches based on Art for an engaging science
classroom. CREATIONS Program establishes a pan-
European network of scientists, teachers, artists, and stu-
dents with the aim to improve the skills of young people
in STEM (science, technology, engineering, mathemat-
ics) and to attract talent to scientific careers. As Li et al.
(2020) mention, STEM education is not a well-defined
field, while its combination to new pedagogical theories
and Art (STEAM) is something really new in science
education. According to Shernoff, Sinha, Bressler, and
Ginsburg (2017), integrated approaches to STEM educa-
tion can help the next generation of students to solve
real-world problems by applying concepts that cut
across disciplines as well as capacities of critical think-
ing, collaboration, and creativity. The CREATIONS Pro-
gram aims to demonstrate innovative approaches and
activities that involve teachers and students in scientific
research through creative ways that are based on Art.
The program focuses on the development of effective
links and synergies between schools and research infra-
structures in order to spark young people’s interest in
science. Teachers and students use and share in an in-
novative way the collective power of unique scientific re-
sources (research facilities, scientific instruments,
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simulation and visualization applications, and scientific
databases) in meaningful educational activities. The
CREATIONS Program proposes the introduction of cre-
ative approaches in science education in order to gener-
ate alternative ideas and strategies within scientific
inquiry as an individual or community. This is driven by
a commitment to foster everyday creativity in students,
such that they are engaged in purposive, imaginative ac-
tivities that generate original and valuable outcomes.
More specifically, the main objectives of this project are
the following:

e Develop a pedagogical framework that builds on the
essential features of creative learning including
exploration, dynamics of discovery, student-led activ-
ity, engagement in scientifically oriented questions,
formulations of evidence-based explanations, connec-
tion of explanations to scientific knowledge, and com-
munication and justification of explanations. These
elements support creativity as a generic element in
the processual and communicative aspects of peda-
gogy by integrating culture and arts and proposing in-
novative teaching strategies. These strategies could
increase student participation and enable them to
generate highly imaginative products. The program
promotes a series of educational activities that will
utilize creativity and empowers students to actively
engage in the learning process, improving their con-
ceptual understanding in various scientific topics. It is
therefore evident that the educational practices and
strategies presented will allow science educators and
specifically late primary and early secondary school
teachers to identify creative activities in order to teach
science. Furthermore, the proposed pedagogy aims to
enable teachers to either create new creative activities
or to properly assemble parts of different educational
activities that are identified as creative (web-fests, vir-
tual field trips based on game-based approaches, de-
sign of school-based exhibitions, junior science cafes,
students artworks such as science theatre and operas)
into interdisciplinary learning scenarios.

e Select a series of initiatives that successfully introduce
the scientific methodology in school science
education, by utilizing existing research
infrastructures of research institutions and online
tools. The CREATIONS initiative aims to create
activities that provide access to CERN infrastructures
(LHC, ATLAS, CMS) and with which the project
partners are developing and testing for many years
such innovative applications (supported by relevant
materials and resources) that promote creative
problem solving, discovery, learning by doing,
experiential learning, critical thinking and creativity,
and simulating the real scientific work. Based on the
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CREATIONS pedagogical framework, these
educational activities are enriched and expanded with
creative approaches to develop artworks (exhibits,
theatre, opera). The aim of this enrichment is to
enhance student and teacher involvement in creative
activities.

e Create virtual learning communities of teachers,
students, artists, and researchers and involve them
in extended episodes of playful learning.

e Implement the CREATIONS selected and proposed
activities on a large scale in Europe and beyond.

e Systematically validate the proposed approaches and
activities in order to identify their impact in terms
of effectiveness and efficiency.

e Design and implement a systematic raising
awareness strategy that will contribute to the
effective communication of the project’s results and
outcomes.

The framework of The Stories of Tomorrow (STOR-
IES) (http://www.storiesoftomorrow.eu/) is specifically
designed for teaching professionals in STEM disciplines
(Science, Technology, Engineering, and Mathematics).
The STORIES is a research and development project
funded by the European Commission, involving 15 pro-
ject partners from 10 countries. The project uses the
concept of storytelling as a catalyst for the effective
interaction between Art and STEM disciplines which
share similar values, similar themes, and similar charac-
teristics. The STORIES project proposes the introduc-
tion of creative approaches in STEM education to
generate alternative ideas and strategies within scien-
tific inquiry as an individual or group, and it further en-
courages students to support them. The project designs
and tests a new vision of teaching and helps to develop
strategies for how teachers’ roles and conditions can
support and enable deeper learning for students. There-
fore, the project includes and uses innovative and
meaningful digital technologies, such as advanced inter-
faces, learning analytics, visualization dashboards, and
augmented/virtual reality applications and builds a
storytelling platform where students develop and pub-
lish stories about a Mars Mission. It will introduce
teachers to the concept of digital storytelling as well as
inquiry-based science teaching techniques in order to
develop, improve, and enhance their teaching skills and
practices. After more than 6 months of space explor-
ation, including a travel to the Red Planet, colonizing
Mars by designing and building Mars shelters, many
hands-on experiments, and scheming rover missions
on the Mars surface, crafting models of the solar
system, and creating stories that showcase the full
creativity and spirit of their age, the students pre-
sented their stories about their missions to the Mars.
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The program is creative itself, as students have to
organize a hypothetical mission to Mars, having
researched all the living circumstances on this planet,
and they also have to write a digital story for their
mission to Mars. Taking into consideration that Mars’
exploration is not included in primary school curric-
ula, the reasons why the program is creative and in-
novative become evident.

Nature and context of scientific creativity

There have been various studies on the nature of cre-
ativity over time, which spans many centuries and mul-
tiple disciplinary perspectives (Craft, 2005). Creativity is
a complex and multifaceted phenomenon. Definitions of
creativity include the pattern of creativity and its compo-
nents. According to some researchers, scientific creativ-
ity constitutes the basis of knowledge production
(Ghassib, 2010 quoted by Mumford et al, 2010). The
creative cognition approach views creativity as the gen-
eration of authentic and original products through the
application of basic cognitive processes to existing
knowledge structures (Simonton, 2012; Ward, 2007).
Assessing conceptual information and combining previ-
ously separate concepts means that students correlate
connections with processes, structures, and creative out-
comes. A dependent variable of central importance is
the originality of the generated products. Aktamis and
Ergin (2008) refer to scientific creativity as the ability to
find new problems and formulate hypotheses. Torrance
(1998) considers fluency, flexibility, and original thinking
as central features of creativity. On the other hand, Hu
and Adey (2002) approached scientific creativity in three
dimensions consisting of (1) the production (technical
production, scientific knowledge, scientific fact, and sci-
entific problems), (2) the process (thinking and imagin-
ation), and (3) the feature (fluency, flexibility, and
originality). Fluency means the number of original ideas
produced that is how fast a person thinks to solve a
problem and how fast and independently he/she can ex-
press his/her thoughts. Fluency can be measured in
terms of the total number of responses related to the ob-
ject (Sharma et al., 2017). Flexibility is the ability to
“change tack,” not to be bound by an established ap-
proach after that approach is found to no longer work
efficiently. Students approach a situation differently and
develop a number of different solutions regarding the
problem. It allows children to experiment with their
ideas, develop their creativity by allowing them to make
mistakes so that their skills can be unleashed, developing
a sense of wonder. Flexibility can be measured in terms
of the total number of categories derived from the data
(Sharma et al., 2017). Originality is interpreted statisti-
cally: an answer is considered original if it is rare,
meaning that it occurs only occasionally in a given
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population. Innovation and uniqueness of answers are
viewed as the basis of originality. Originality can be mea-
sured in terms of weights assigned in accordance with
their degree of unusualness. The unusual responses can
be defined as those responses which have a probability
of occurrence to the extent of 5% (Sharma et al., 2017).
According to researchers, scientific creativity is different
from other types of creativity, as there is a learning out-
come related to scientific knowledge. Students deal with
scientific problems, try to research, and collect data for
their answers, and they act as researchers, combining
their data, making scientific experiments, and giving sci-
entifically correct answers. During this procedure, stu-
dents change their cognitive frames by altering their
scientific thinking. The procedure usually adds new ele-
ments to students’ prior knowledge. Creative tasks are
not defined as tasks in which students are entertained,
but as tasks that students have to activate intellectual
factors to give scientific solutions by getting emotionally
involved and having fun. Students rely on prior scientific
knowledge and try to expand it and apply it to their
everyday lives. Aktamis and Ergin (2008) link scientific
creativity to analytical intelligence as both of them ori-
ginate from mental ability. In scientific creativity, stu-
dents produce new ideas that are scientifically accepted
by understanding scientific notions, solving scientific
problems and designing experiments, or making artistic
products using their imagination, fantasy, and originality.
Creativity does not only involve the ability of represent-
ing a given problem, but it also involves identifying the
real problem and representing it. It is in accordance with
scientific skills, such as the identification of a problem,
observation, collection of data, presentation of a scien-
tific solution with different representative systems, and
evaluation of the processes. Sharma (2017) defines
creativity as the ability to correctly formulate research
problems within a body of knowledge, an ability to
create a comprehensive search space for the solution of
a scientific problem, an ability to assemble (or induce)
and implement heuristics to reduce the search space,
patience, and stamina for the exhaustive attempt to solve
the scientific problem within the constrained search
space. Scientific creativity involves sensitivity to prob-
lems. Samsudin, Setyadin, Suhendi, Chandra, and Sia-
haan (2018) refer to scientific creativity as the procedure
of studying scientific phenomena with different ways. At
the same time, recent studies focus on the social dimen-
sion of creativity by bridging the gap between what
already exists (ie., “what is”) and what constitutes the
enactment of imagination (i.e., “what might be”) that are
considered both original and novel and also valuable (or
useful) (Chappell et al., 2015; Chappell & Craft, 2011;
Mumford et al, 2010; Boden, 2009; Craft, 2005).
Creativity is widely recognized as occurring along a
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continuum, at one end of which is what might be
called every day, or “little ¢” creativity, which may be
defined as inherently low in originality and low in
wider impact. At the other end of the creativity con-
tinuum, reflecting high originality and high impact,
one finds “big ¢” creativity. For Boden (2009), this is
“H” creativity, in other words historical creativity,
which actually generates such novel ideas that a para-
digm shift occurs, or the world is changed.

In CREATIONS Project Art Education is positioned as
a “holder” within which creative science education is being
nurtured, grown, or “encultured” via arts practice. One of
the main drivers for CREATIONS creativity is possibility
thinking for all involved. This means being able to ask
“what if” and “as if” questions (Chappell et al., 2015).

In STORIES project as students generate new ideas,
they also trigger a change in them that transforms them
to “makers”; they develop their identity, and they are
embedded with the ethical awareness of their decisions.

The present study suggests a definition of creativity, tak-
ing into consideration some of its aspects that have not
been described yet. Therefore, we have concluded that sci-
entific creativity is a procedure in which all agencies and
especially students use their scientific knowledge to pro-
duce original, authentic, creative, imaginary, and scientific-
ally correct and acceptable products. But in this
procedure, creative methods and processes are organized
through basic principles according to subject domains.
There is a balance between creative guidance and student
imagination which has to be scientifically acceptable. Cre-
ativity requires a transformation of knowledge; therefore,
creativity is a procedure which combines scientific princi-
ples of different subject domains and scientific fields, as it
tries to represent this product using different semiotic sys-
tems. It refers to different representational systems which
collaborate to produce a final learning product. The pro-
cedure of transformation is influenced by students’ per-
sonal values, beliefs, and their social environment.
Therefore, a creative procedure is influenced by social,
cultural, ethnographical characteristics, and personal be-
liefs and ideas, which are socially constructed. Creative
outcomes are original and valuable in relation to the
learner. The student learns to generate ideas as an individ-
ual or as a member of a community, support his/ her
products scientifically, and give scientific explanations.
Student creativity means that students can combine as-
pects of different areas or subject domains (for example a
scientific explanation of a phenomenon and its artistic
representation) through an interdisciplinary approach in
order to create new cognitive frames and meta-frames.
While representing different notions through different
semiotic systems, students enrich their creative product
with their personal and social beliefs, adding new contexts
to their initial intuitions.
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The significance of socio-emotional and socio-cultural
factors in student creativity

Apart from the process during which the student learns
to represent scientific concepts, learning process needs
to be accompanied by appropriate emotions. Students
need to experience, to feel the represented concept. For
this reason, emotion plays a significant role in stories.
Perry and Medina (2011) suggest that students’ recalling
of past experiences and emotions is of great importance
since it may affect the degree of embodiment of new sci-
entific concepts. Students’ past experiences are linked to
their mental representations are embodied (Smyrnaiou
et al, 2017) and expressed through cognitive actions,
helping students to better understand the scientific con-
cepts, their feelings, and the way the body can code and
establish social norms as students find themselves in a
verbal exchange. These pedagogical principles are af-
fected by students’ cultural beliefs and what we call
socio-cultural context. Culturalism (Masemann, 2003) is
one of the approaches of mind inspired by the fact that
the mind could not exist separately from culture. The
reality is represented by a symbolism shared by the
members of a cultural community and refers to the
habits of the past, the present, and the future. In this
sense, culture is superorganic and shapes the minds of
individuals as well. Although meanings are “in mind,”
they have their origins and their significance in the cul-
ture in which they are created. On this view, learning
and thinking are always situated in a cultural setting and
depend on the utilization of cultural resources. The stu-
dents’ cultural environment is built both based on their
subjective perceptions and on the social and cultural en-
vironment in which they act as subjects. This study
mostly focuses on the social and cultural environments.
The notion of culture here illustrates the ideas and ac-
tions and constructs the students have nowadays. These
beliefs affect their options and ideas about living in
Mars, the future of humanity, the life in another planet,
or even the way people act against the Earth itself, eco-
logical issues, identity issues of humanity, etc. As a re-
sult, culturalism seeks to bring together insights from
psychology, anthropology, linguistics, literature, and
other human sciences in a scientific context. The
cultural factor reflects the verbal, physical, and social
presence of students, a fact which verifies its direct con-
nection to multiple representational systems as the con-
ceptual field is approached scientifically and is also
connected to everyday life at the same time. The cultural
factor contributes to the representation of scientific con-
cepts since students depict altogether the historical, so-
cial, cultural, and scientific context while it is also linked
to creativity, imagination, and Art. Semiotic analysis
takes into account the factor of cultural identity. How-
ever, how the cultural context affects the formation of
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cognitive structures has not been studied yet (Smyrnaiou
et al., 2018). According to Hewson (2000), the environ-
ment plays a key role in the recruitment of semiotics.
The conceptual ecology (Toulmin, 1972) was introduced
as a term to describe how the environment (cultural be-
liefs, considerations, events, etc.) affects the intake of
knowledge. Mingers and Willcocks (2014) introduced
the term socio-materiality to suggest that the material
world interacts with cultural identity. Therefore, stories
written by students are often inspired by cultural beliefs
and ideas. Every time students say something in their
stories, or make an utterance, they, at least, implicitly
make claims that may be contentious. Mingers and Will-
cocks (2014) argued that these validity claims are of
three types, and each one points to or refers to an aspect
of the world, or rather analytically different worlds.
These three types are (1) truth: concerning facts or pos-
sible states of affairs about the material world, (2) right-
ness: concerning valid norms of behavior in our social
world, and (3) sincerity (truthfulness): concerning their
personal world of feelings and intentions. Most students’
stories are influenced by their everyday lives, the way
they live in each country, or the way they have learnt to
face the world. This truthfulness can actually be com-
bined with the originality of ideas in their stories or even
their creative attitudes.

The context of digital storytelling

Several research studies have shown that students learn
when new cognitive concepts are established and when
different semiotic systems are combined (Smyrnaiou
et al,, 2017). Digital storytelling is an interesting combin-
ation of how pedagogy and technology can be combined
so as to increase student’s ability to acquire scientific
knowledge more sufficiently. Digital storytelling is a
media artifact that combines a narrated audio text with
still images to tell a story (Boase, 2008). This combin-
ation of language, visual, and digital representation is
enriched with images, sound, and movie techniques and
can create a powerful tool of cognitive development. Ac-
cording to Boase (2008), most effective digital stories are
short: up to two and a half minutes long only, consisting
of not more than 200-250 words. In effective stories of
any media, there is usually a sense of causality and de-
velopment or progression from one point to another and
completion. The importance of having a story at the
heart of a digital story—with a beginning, an end, and
some development and interest between those points—is
vital. The significance of digital storytelling in students’
cognitive, emotional, and social development is crucial.
By making a story, students have the opportunity to acti-
vate their internal cognitive mechanisms by external
stimuli, related to their interests. The combination of
different principles of subject domains is crucial. Stories
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are students’ attempts to explain, understand, and ac-
count for experience. Experience does not automatically
assume a narrative form; students construct stories
reflecting on experience (Boase, 2008). In constructing a
story, students firstly have to accept and integrate the
scientific knowledge. This means that students should
firstly observe and comprehend scientific knowledge.
Then, they organize, classify, and analyze the main ele-
ments of scientific notions so as to be able to synthesize
their cognitive frames. On the next phase, students rep-
resent scientific notions, and this representation is better
when students combine different systems. Therefore, in
digital storytelling students follow the principles of sci-
ence, art, morphological, semantic, digital modelling,
and narratives. Their texts are enriched with related pic-
tures or sound that have to be in accordance with the
scientific meaning. This procedure is improved when
students are influenced by their emotional development
and social interaction. As a result, their stories transfer
their beliefs, their values, and their own perception of
the world. They become the agent of their own know-
ledge, while they discover personal characteristics.
Digital storytelling also implies a degree of critical
awareness as students select information, gather evi-
dence, describe scientific notions, present them in their
own way, which has to be scientifically correct, and use
the appropriate cognitive schemes to represent know-
ledge. Ultimately, critical thinking is the mental pro-
cesses of discernment, analysis, and evaluation, which
should combine scientific evidence with common sense.
Narrative thinking also involves elements of uncertainty,
inevitably since a story is a version of reality and truth
and is open to interpretation. In the process of making
digital stories, a student has to locate and put images
and artifacts that meaningfully support the message of
their text in order. This requires critical awareness of
the meaning the story maker wishes to convey. This
process incidentally increases students’ media and tech-
nology literacy and helps them to develop a discerning
eye to select resources. Digital storytelling is trumpeted
as a useful tool in the promotion of deep learning
(Boase, 2008). Deep learning, as opposed to surface
learning, is a term used to describe the kind of learning
process that involves the critical analysis of new ideas;
deep learning also links them to already known concepts
and principles, which leads to understanding and long-
term retention of concepts so that they can be used for
problem solving in unfamiliar contexts.

Three scientific creativity tests

The research tools

In the present study, three scientific, research tools of sci-
entific creativity through digital storytelling have been de-
veloped, and they create a new qualitative model of
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creativity (Smyrnaiou Z and Georgakopoulou E, The
methodology of designing tools for qualitative analysis in
educational studies (unpublished observations)), the Cre-
ative, Cognitive, Qualitative Model for Creativity (CCQ
tool). This model of three practice tools was constructed
in order to combine the basic principles of scientific cre-
ativity as they are presented and examined through CRE-
ATIONS and STORIES European Research Programs.
Our aim is to evaluate the development of student creativ-
ity while students engage in scientific digital storytelling.

The first research tool has been designed based on two
already validated creativity tests: the Scientific Structure Cre-
ativity Model (SSCM (Hu, 2002) and the Torrance Tests of
Creative Thinking (TTCT) instruments (Kim, 2017). How-
ever, we have expanded these tools by combining each of
their elements and categories to the main features of creativ-
ity as they have developed in the CREATIONS Program.
The need to create a new tool arose from the fact that there
is no evaluation tool that specifically qualitatively measures
scientific creativity in primary school graders.

First theoretical tool of creativity

The Torrance Tests of Creative Thinking (TTCT)

The TTCT (Kim, 2017) is composed of creative thinking
skills and creative attitudes (Table 1). The Creative Think-
ing skills are classified in three categories, namely, ION
which are required for innovation (Kim, 2017): (1) inbox,
which helps develop expertise; (2) outbox, which helps im-
agine numerous and diverse possibilities to develop
unique ideas; and (3) Newbox, which combines elements
of inbox and outbox thinking to create new output.

In Inbox thinking, expertise is the complete and in-
depth understanding of a topic or subject. Inbox think-
ing means that students have to use their prior know-
ledge to comprehend something new and try to solve
real-world problems. This procedure also requires crit-
ical thinking, as students have to combine prior know-
ledge with situations that are new to them.

The Outbox imagination means that students start
thinking outside of the box. Students research what ac-
tivities have to do in order to produce creative output by
using inquiry, making assumptions, and testing their
ideas. Fluent, flexible, and original imagination are sig-
nificant parts of outbox imagination, as students have to
produce many ideas (the amount of ideas), combine

Table 1 TTCT model (Kim, 2017)
Creative thinking skills and attitudes (TTCT model)

Inbox Expertise development and critical thinking
Outbox Fluent imagination, flexible imagination, original imagination
Newbox  Synthesis, transformation, promotion

Creative attitudes

Open-minded, playful, emotional, daydreaming
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different tasks, consider many options of a situation
(their ability to be flexible by finding different internal
mechanisms of different solutions), and generate new,
original, and unusual ideas (innovative ideas).

The Newbox connection is the last step of creative
procedures. Students have to link prior knowledge to
new conclusions. This means that they try to establish
new cognitive frames. Students transform what they
have learned into creative products. According to Kim
(2017), the final level of creativity consists of (a) synthe-
sis of old and new elements using different semiotic sys-
tems  (verbal, non-verbal, embodied learning,
visualization), (b) transformation into a final product
that is different than students’ initial assumptions and
beliefs, and (c) promotion, which means that a creation
must be promoted in the right place and time in order
to be considered unique and useful.

The second part of Torrance’s tool (Kim, 2017) de-
scribes creative attitudes, for example, open-minded,
emotional, playful, daydreaming, and nonconforming at-
titude. This categorization differs from traditional ways
of thinking; it examines whether students dare to
broaden their experiences, express their feelings and
emotions when they investigate a situation, explore all
the facts and parameters to reach safe conclusions, and
make unrealistic but goal-oriented decisions.

The Scientific Structure Creativity Model (SSCM) instrument

Hu and Adey (2002) suggest the Scientific Creativity
Structure Model (SSCM) in an attempt to measure cre-
ativity (Fig. 1). Their opinion that creativity is defined as
the sense of going beyond existing knowledge and tech-
niques and creates new understandings means that it is
combined with problem- solving theories, cognitive the-
ories regarding student development, student motiv-
ation, imagination, and the role of Art in STEAM

technical product Product

science phenomen
science problem

Fig. 1 The Scientific Structure Creativity Model (Hu and Adey, 2002)
- J
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education. This model is a three-dimensional model
with 24 cells that represent scientific creativity. Each cell
is a combination of a process, a trait, and a product. The
collateral features identified between the Scientific Struc-
ture Creativity Model (SSCM) and the TTCT are the
trait and process features that are closely linked to the
outbox and inbox categories according to the TTCT.

In our research design of creating theoretical, qualitative
research tools, we initially compared these two tools, trying
to find common codes. Following a thematic analysis, we de-
tected common areas. By comparing the two tools, we easily
identify common areas of reference. The last area of the
SSCM, the product area, addresses the elements of trans-
formation and synthesis found in the TTCT. It is a domain
area which is restricted to encompass scientifically oriented
technical products. In the present study, we proceed with a
content analysis of students’ digital storytelling in order to
trace and monitor the degree of their creativity. However,
the overlapping of categories between the tools strengthens
the validity of our newly developed creativity assessment tool
regarding its measuring objective: creativity in the scientific
context.

In the trait dimension in SSCM, fluency is defined as the
number of ideas produced. In the present research context,
the more scientific ideas a student produces, the greater his/
her fluency becomes. Flexibility is defined as the ability to
not be tied to orthodox approaches if they are no longer effi-
cient. This means a student with greater flexibility traits
tends to search for ideas through different categories or ap-
proaches. Lastly, originality is defined as an answer that is
statistically rare, occurring only occasionally in a given popu-
lation sample. Therefore, a student that gives rare but appro-
priate answers to a question is considered to have higher
originality traits than other students.

The process dimension of SSCM reflects a series of intel-
lectual mental operations by an individual to produce cre-
ative product(s) with their trait dimension. Its two central
features are called creative imagination and creative thinking.
Creative imagination is associated with using explorative
mental operations that lead to new and related ideas (Cratft,
2005; Sefertzi, 2000). A strong difference between the two in-
struments is the absence of creative attitude measured in the
SSCM. However, the interactive and reciprocal relation
among the Inbox-Outbox-Newbox categories of TTCT and
the process dimension regarding SSCM is a strong similarity
that the two instruments share.

CREATIONS key features

According to the CREATIONS definition of creativity in
science education, creativity is a “Purposive and imagina-
tive activity generating outcomes that are original and
valuable in relation to the learner. This occurs through
critical reasoning using the available evidence to generate
ideas, explanations and strategies as an individual or
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community, whilst acknowledging the role of risk and emo-
tions in interdisciplinary contexts” (Chappell et al., 2015).
Based on this notion, 8 CREATIONS features have been
formed, which act as generic categories in our evaluation
tool strengthening the notion of creativity as follows:

1. Dialogue: Dialogue refers to appropriate questions
which lead to new ideas. By engaging in a dialogue,
students are encouraged to act and try to combine
prior ideas to new contexts.

2. Interdisciplinarity: This is grounded in the
interrelationship between different ways of thinking
and knowing which means allowing space for
different ways of thinking (e.g., problem-finding,
exploring, reasoning, reflecting, questioning, experi-
menting) around shared arts/science threads or
through lines. Interdisciplinarity means that stu-
dents are encouraged to find solutions to problems,
following the principles of inquiry and try to answer
real problems from every-day life.

3. Individual, collaborative, and communal activities
for change: It means addressing communal
engagement with a shared creative process and
purpose. Therefore, student collaboration is needed
to produce creative products.

4. Balance and navigation: balancing control and
freedom, structure, and openness means that
students are constantly in a process of creating
their conceptions both individually and by
interacting with other students. Students have to
balance prior knowledge to the new one, ask their
own questions but also generate scientifically
correct ideas. Balance can also be about integrating
existing scientific knowledge with engaging or
enlightening arts processes so that children and
young people’s own everyday questions about the
world are brought to life.

5. Empowerment and agency: these enable student
agency and encourage children to try out (and critique)
their own ideas and questions in investigations,

6. Risk, immersion, and play: creating a trusting space
in which mistakes are possible with no fear of failure.

7. Possibilities: Practice can allow for multiple
possibilities both in terms of thinking and spaces
and broaden student minds in the context of asking
“what if” questions.

8. Ethics and trusteeship: Learners consider the ethics
of their creative science processes and products and
are guided in their decision-making by what matters
to them as a community, acting as “trustees” of that
decision-making and its outcomes.

As in the TTCT and SSCM tools, the CREATIONS
features are not presented in any intentional hierarchy;
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they rather involve a highly organic process, in which all
of the features are connected via professional wisdom.

Effective learning environments

In order to measure creativity, we have to examine both
the creative procedures and the creative products.
Therefore, we have created a series of effective learning
environments (Smyrnaiou & Sotiriou, 2016) in CREA-
TIONS Program. They are creative contexts that can
support teaching science by creativity-enriched inquiry.
As far the design and structuring of CREATIONS Learn-
ing Environments are concerned, they act as a hub to
enable the development of educational and outreach ac-
tivities in the form of CREATIONS demonstrators.
Their characteristics are the following:

e identification of the ability of leaning environments
to support the requirements established by the
CREATIONS pedagogical framework and principles

e presentation of the learning environments creative
and innovative affordances

e setting the context of their implementation and usage,
considering their contribution to the learning process
and their exploitation by students, teachers (both
university and school teachers), policy makers, and
stakeholders that have adopted a creative and inquiry-
based approach.

In addition to the above key elements, the structure
and underlying characteristics of the CREATIONS learn-
ing environments have been identified by also consider-
ing: (1) partners’ inputs regarding the specific focus area
of the learning environments and their characteristics
and inputs regarding the context of the CREATIONS
initiatives, (2) relative EU projects, and (3) literature re-
view of key elements and characteristics of the design of
effective learning environments that enhance creativity
and inquiry-based approaches.

As a result, the following 7 types of learning environ-
ments have been created (Table 2):

1. Communities of practice (web-based/physical)
aiming to develop a network of online communities
and channels sharing multicast activities inspired by
science on national or international level.

2. Simulations aiming to enable the visualization of
theoretical models and facilitate inquiry-based
experimentation.

3. Arts-based activities which address and enhance a
scientific interconnection between science and
aspects of art.

4. Dialogic space/argumentation aiming to engage
students in argumentation and dialogic processes for a
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Table 2 CREATIONS features of creativity and effective learning
environments

CREATIONS pedagogical framework
CREATIONS features

Effective learning environments

- Dialogue - Communities of practice
« Interdisciplinarity - Simulations
- Individual, collaborative, and - Arts-based

communal activities for change
- Balance and navigation
- Empowerment and agency

- Dialogic Space/argumentation
- Experimentation (science
laboratories and eScience

- Risk, immersion, and play applications)
- Possibilities « Visits to research centers (virtual/
- Ethics and trusteeship physical)
- Communication of scientific ideas
to audience

better insight into the nature of scientific enquiry and
how scientists work.

5. Experimentation (science laboratories and eScience
applications) aiming to enhance student physical and
intellectual interaction with instructional materials
through “hands on” experimentation and “minds on”
reflection.

6. Visits to research centers (virtual/physical) aiming to
connect the science classroom with research
infrastructures, addressing the enhancement of informal
learning settings.

7. Communication of scientific ideas to audience
addressing the need to establish settings in which
learners will be encouraged to externalize and
elaborate on scientific concepts they have acquired
while interacting with an audience (learners, teachers,
scientists, parents, etc.), thus, promoting a dual
channel of communication: (a) reflective processes
(self-engagement for scientific consistency and
verification) and (b) explicit elaboration of scientific
ideas through interaction and “extroversion.”

Although these types of learning environments formu-
late concrete ways of approaching creativity-enriched
inquiry, they are structured in a flexible and overlapping
way which allows for multiple entries and exploitations.

In an attempt to conclude to a common way to measure
creativity, we used a thematic analysis in order to detect
common codes between the existing tools and the features
of creativity that we have examined in CREATIONS Pro-
gram. Therefore, based on the TTCT model, the SSCM
model and the CREATIONS model of creativity, we have
created the following theoretical tool (Table 3). CREATIONS
features are combined with the TTCT and SSCM models;
we notice that despite their similarities, the three models
have some strong differences. First of all, creative attitudes is
a unique area that we can take into consideration, in order
to understand students’ preferences when they create a prod-
uct. Secondly, in CREATIONS features collaboration be-
tween students plays a catalytic role in the production of
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Table 3 Analytical categories for CCQ tool
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CREATIONS features SSCM Model Creative thinking skills and attitudes
(TCTT Model)
Balance and navigation Process Imagination, thinking Inbox Expertise development, critical

Possibilities Trait

Dialogue Process
Interdisciplinarity

Individual, collaborative, and
communal activities for change

Empowerment and agency

Imagination, thinking

New categories for creativity
environments

Risk, immersion, and play
Ethics and trusteeship 2. Simulations
3. Arts-based

4. Dialogic space/argumentation

Fluency, flexibility, originality

New categories of creativity- effective learning

1. Communities of practice (web-based/physical)

thinking

Outbox  Fluent imagination, flexible

imagination, original imagination

Newbox Synthesis, transformation, promotion

Product Science, knowledge, science, phenomena,
science problem, technical product

Creative attitudes

Open-minded, playful, emotional, daydreaming

5. Experimentation (science laboratories and eScience

applications)

6. Visits to research centers (virtual/physical)
7. Communication of scientific ideas to an audience

creative outcome. Creativity is an individual procedure, in
which each student acts according to his/her internal cogni-
tive mechanisms of thinking, but at the same time students
have to collaborate with each other, to discuss their beliefs
and exchange ideas, in order to produce creative and innova-
tive stories. The third difference, which constitutes our con-
tribution to the research tool, is the effective learning
environments, the contexts in which students have to act in
order to produce creative output. They are linked to modern
pedagogical principles and propose different ways of acquir-
ing and representing scientific knowledge. Effective environ-
ments confirm that the collaboration of simulations, art-
based activities, argumentation, experimentation, and the
visits to research centers or even holding communities of
practice give birth to creativity. In the communities of prac-
tice learning environment, students can present their projects
or group discussions to teachers, students, and mentors. Stu-
dents cooperate with each other and communicate through
digital platforms with other scientists, artists, teachers, and
students. This way, they develop a network of online com-
munities and channels sharing multicast-activities inspired
by science on a national or international level. Simulations
refer to the visualization of learning outcomes. Visual semi-
otic systems refer to systems that are not verbal, but they ac-
tually have an aesthetic similarity to what they represent.
The term image/visualization can be used both for internal
images (which is crucial, as students represent or make an
image of a scientific notion according to their internal think-
ing mechanisms) and for schematic representations/external
images/pictures (this refers to imaging, kinesthetic, schematic
representations). Visual representations also include every
type of picture, diagrams, maps, and computational images
and are linked to analogies and models, diagrams and graphs,

three-dimensional models, computational modeling, and
simulative activities, which compare structures between dif-
ferent domains. Comparisons are part of our cognitive sys-
tem; thus, they are a central tool for human language, logic,
and knowledge and play an active role in acquiring know-
ledge. Interactions with external, imaging representations are
important as they facilitate the construction of powerful in-
ternal imaging systems for students; hence, they assemble
three key features: (a) facilitating the students’ cognitive com-
mitment to what is being taught, (b) allowing the students’
cognitive development according to the learning procedure,
and (c) allowing the assimilation of different forms of infor-
mation. Semiotic system of visualization and simulation plays
an important role in the last function of assimilation of infor-
mation. In dialogic space and argumentation learning envi-
ronments, students discuss and provide evidence of different
sides of an issue; they try to give answers to ethical issues or
link the scientific data and provide arguments about possible
uses of science in everyday life. Argumentation competences
are really important to student cognitive development. Dia-
logical procedure is linked to verbal representations of all re-
lated information to learning. This semiotic system is based
on students’ skills like labelling, explaining, analyzing, organ-
izing their thoughts, and expressing their opinions according
to scientific arguments. Making arguments depends not only
on pre-existing and—in some cases, culturally influenced
data and perceptions—but also on a language of augmented
cognition. The mental frames that are denominated are dif-
ferent than the same uninformed mental frames. The ques-
tion is whether language enhances these mental frames. Our
cognitive representations are under the continuous influence
of language and non-verbal elements (such as visual memory,
object recognition, and tangible learning). Since verbal
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representation influences our cognitive framework, by chan-
ging verbal variables, some areas of representation will be af-
fected. Our experiences match the words. Therefore,
students learn to act between real thinking, mental thinking,
and symbolic world. Verbal representation is a prerequisite
for linking all other systems. In fact, the existence of verbal
support leads to successful connections of the scientific the-
ories to students’ aspirations (Smyrnaiou, Sotiriou, Sotiriou,
Georgakopoulou, 2017, 2016). If this is lacking, then students
cannot represent the concepts (Smyrnaiou, Sotiriou, Sotiriou,
Georgakopoulou, 2017, 2016). In experimentation setting
(science laboratories, eScience applications), the hand-on ac-
tivities were divided into pre-lab and lab phases and helped
students to rely on true and real data in order to find an-
swers to scientific questions. They can give crisis-related so-
lutions and understand the meaning of learning science.
Visit to research centers (virtual/physical) is an effective
learning environment which is strongly related to the collab-
oration between schools and research centers. Communica-
tion of scientific ideas to audience is also a learning
environment which is common in the majority of the dem-
onstrators, as in phase 6 of inquiry-based approach students
deal with different ways of thinking and possibilities and
prove their ideas by providing justifications through dia-
logues with other students, educators, and professional scien-
tists. Such communication is crucial to an ethical approach
to working scientifically. Art-based activities are the central
part of effective learning environments, as students link sci-
entific activities to artistic representations.

Second tool: students’ creativity evaluation model
research tool

The second tool “Students’ Creativity Evaluation Model” tries
to combine different cognitive domains through an interdis-
ciplinary approach to the representation of scientific notions
through  Information-Communication-Technology =~ Tools
and different semiotic systems, such as visualization and
models, researching expected, and original and innovative
ways of students’ thinking. According to Foster, Wigner,
Lande, and Jordan (2018), interdisciplinary projects framed
by personal interest can lead to new ways of learning prac-
tical ingenuity, creativity, and some analytic skills.

The students’ research tool consists of three main cat-
egories: (1) cognitive subjects (content/interdisciplinarity),
(2) Information-Communication-Technology Tools, and
(3) different visualizations of scientific ideas such as videos,
pictures, and drawings regarding their content and manipu-
lation. These three main categories (see Appendix, Table 5)
are divided into expected, original, and innovate parame-
ters, because every new perspective of each story has its ori-
gins in students’ prior knowledge and beliefs (expected
factor), and it is enriched with authentic and original ideas
that students deal with so as to be able to reach innovate
and creative ideas at the end. Innovative characteristics are
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linked to creative thinking skills and creative attitudes. Dur-
ing the analysis procedure, three new categories derived
from the data, the socio-cultural factor, the socio-emotional
factor, and the role of extracurricular activities.

Third tool: experts’ creativity evaluation model research tool
The third tool “Experts’ Creativity Evaluation Model” exam-
ines the role of experts’ thinking on writing a story, and it
aims to track experts’ model of thinking, comparing it to the
students’ creative model of thinking. In the present study,
one professor/researcher from the university and one inde-
pendent researcher evaluated the stories. In school commu-
nities, the experts could be the teachers of each class.

Experts’ research tool is inspired by studies that compare
students’ initial thinking and experts’/teachers’ thinking. In
this study, we try to find what characteristics “ideal stories”
written from experts have and how these stories could be
combined and compared with students’ stories. This ap-
proach could help us to identify possible models of thinking
and improve student creativity. The initial point of holding a
story is the subject/cognitive domain. Scientific notions are
the first category and are described along these stories. Hab-
itability factors are combined with scientific content. These
factors are expanded with professional content, referring to
previous or future missions on Mars and anthropological
content, which refers to socio-cultural factors and social be-
liefs. Artistic content is also crucial because it refers to
another representative system, and because it can be com-
bined with creativity features. Scientific content is enriched
with Information-Communication-Technology Tools/Multi-
media/Technologies (second category), which helps students
to express their ideas, and socio-emotional aspects (third cat-
egory). The last one refers to societal, emotional, and psycho-
logical aspects.

Participants

The Stories of Tomorrow is specifically designed to teach
STEM disciplines (Science, Technology, Engineering, and
Mathematics) professionals. It introduces teachers to the
concept of digital storytelling as well as inquiry-based science
teaching techniques in order to develop, improve, and en-
hance their teaching skills and practices. The project uses the
concept of storytelling as a catalyst for the effective inter-
action between Art and STEM disciplines which share simi-
lar values, similar themes, and similar characteristics. The
project designs and tests a new vision of teaching and helps
to develop strategies for how teachers’ roles and conditions
can support and enable student deeper learning. Conse-
quently, the project includes and uses innovative and mean-
ingful digital technologies and builds a storytelling platform
where students develop and publish stories about a Mars
Mission. For instance, students stated which professionals
they would like to follow them on Mars, what things from
their life on Earth they would take with them, which relatives
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or friends they would take with them on Mars, and what ac-
tions they would organize there. As the project is still in pro-
gress, we will only present the first pilot research. In this
research, we analyzed stories from the six different countries
that participated in the program. We selected two classrooms
from each country, while each classroom had 25 students.
Thus, 12 stories written by primary school students (age 8—
12 years old) are analyzed indicatively. Stories from different
countries were chosen in order for the cultural factor to be
examined as well. The sample is much bigger, but the main
aim of this research is to provide a holistic research tool to
measure student creativity qualitatively (Gobo, 2005). This
sample allows us to examine the internal mechanisms of cre-
ativity, as we follow the principle of qualitative research
(Smyrnaiou Z and Georgakopoulou E, The methodology of
designing tools for qualitative analysis in educational studies
(unpublished observations)). Three different research tools
are examined by two independent researchers in order to
examine all the factors derived from our definition of creativ-
ity as a complicated and cognitive procedure. These research
tools represent conceptual and perceptual categorizations,
but at the same time they can be used as a useful tool for the
educational community and researchers in order to
systemize creative scientific thinking.

Research Design

These three models are applied to examine qualitatively
the scientific creativity developed by experts, teachers,
and primary school students when they produce digital
stories about their missions on Mars.

As described above, the three-dimensional research tool
used in the present study involves a combination of collateral
features that exist in two already validated creativity tests: the
Torrance Tests of Creative Thinking (TTCT) and the Scien-
tific Structure Creativity Model (SSCM) instruments, pre-
sented by us in a different way. We have compared the two
models, and we have enriched them with our definition of
creativity, its features, and the effective learning environ-
ments. We firstly used the thematic analysis in order to iden-
tify, analyze, and report patterns (themes) within the data,
which were the creativity categories. We used this method-
ology, as we tried to identify the underlying ideas and con-
ceptualizations of creativity categories and highlight if there
were deeper connections between the existing categories of
creativity of SSCM tool and TTCT tool to our categories of
creativity as they have researched in CREATIONS Program.
Searching, reviewing, and defining the themes was made with
analytical way. As far as the second and third tools (students’
and experts’ model) are concerned, we followed a different
procedure, coding their categories from the empirical data
according to the Grounded Theory. In the applied tool for
this research study, we use (1) the categories of monitoring
creativity from the TTCT and SSCM models, (2) we focus
on the overlapping elements between TTCT and SSCM
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model in order to strengthen the notion of scientific creativ-
ity, and (3) we extend the meaning of the involved categories
by inserting the CREATIONS key principles as a state-of-
the-art update to strengthen the notion of creativity. Finally,
we introduce effective learning environments as the creative
context in which students have to act and react to each other
in order to represent scientific notions creatively, using differ-
ent semiotic systems. Following the phases of thematic ana-
lysis (Braun et al, 2019), in the first phase (familiarizing
ourselves with the data), we read the data multiple times,
noting our initial ideas. During the analysis, we tried to find
common notions between the stories, common patterns that
are repeated. In the second phase, the generating of initial
codes, we coded interesting features of the data in a system-
atic fashion across the entire data set, collating data relevant
to each code. The production of codes helped us to under-
stand some common elements of creativity which appeared
in all stories. Searching for themes and reviewing these
themes led us to collate codes into potential themes, gather-
ing all data relevant to each potential theme and to check if
these themes worked in relation to the coded extracts and
the entire data set. As a result, we managed to create a the-
matic map with some basic creativity features, and then we
defined and named these themes according to the categories
of our research tools. As a result, we had clear definitions
and names of each theme, closely related to the categories of
creativity that had to be researched according to our theoret-
ical framework. During the last phase, we tried to extract ex-
amples related to the analysis of our research question.

As the written stories are categorized in verbal data, con-
tent analysis (Krippendorf, 2018) helped us to examine if the
way students used the language and wrote their stories could
reveal their mental representations and some types of cre-
ative attitudes. Moreover, students’ linguistic choices and
their opinions reveal their cultural beliefs and allow us to
examine the socio-cultural factor in the stories. Coding some
phrases or words from students’ stories helped us to examine
how students express their creative thinking verbally and
then to combine this verbal representation with other repre-
sentational systems, such as digital storytelling and the use of
ICT tools.

During this procedure, new categories were revealed and
added to the theoretical framework; therefore, the Grounded
Theory approach enriched the categories of creativity skills.
This “mix-method design” leads us to more specific results
and enables a mutual validation of qualitative results by pro-
viding a clear rationale of choosing each method. It is worth
mentioning that these different methodological approaches
have to be used at the same time, especially as we examined
the cognitive procedures which students follow in order to
represent scientific notions in a creative way. This middle-
range theory helped us to understand and explain student
behavior and processes and make comparisons of (1) data,
(2) data and codes, and (3) concepts. The first research tool
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is theoretical and tries to standardize creativity; the second
tool refers to students and derives from empirical data, and
the third research tool refers to 3 experts who have decided
to write stories about missions on Mars and have followed
inquiry-based processes. This process was followed by two
independent researchers, who later compared their findings
and completed the categories of creativity.

Results

Twelve (12) student stories from classrooms of different
countries which participated to the STORIES Program
are analyzed indicatively by two independent re-
searchers. The results seem to indicate that digital story-
telling increases scientific creativity among students.
Students’ creative thinking can be qualitatively evaluated,
as students have written innovative and authentic stor-
ies. Their stories are enriched with multimodal texts,
such as pictures, videos, and graphics. Most of the stor-
ies are scientifically acceptable. Students generate new
and original ideas, and they use verbal, non-verbal,
digital, and aesthetic representational, cognitive systems
to express their ideas. The proposed tools analyze stu-
dent creativity, as they focus on the students’ cognitive
representations; the prior knowledge students are based
on in order to comprehend new conditions and student
ability to think out of the box. Digital storytelling is a de-
manding procedure, especially in really new contexts,
such as the life on Mars. It was observed that students
combined a variety of skills to produce innovative and
scientifically correct stories. The final stories confirm
student cognitive development.

Inbox Category seems to appear in all stories (100%)
(see Appendix, Table 4). This percentage indicates the
highly motivating challenge the students are engaged in.
The main theme of the stories, a mission to Mars, is not
usually a part of formal curricula, especially in primary
schools; thus, including it is also innovative itself. Stu-
dents show a tendency to use prior knowledge and be-
liefs as they engage in creative writing and elaborate
their ideas using scientific concepts. This way, they
shape a safe zone as they proceed to unknown territor-
ies. As a result, students scientifically support their ideas
and options. Story content was scientifically acceptable.
Scientific details about Mars are mentioned, such as the
size, the light atmosphere, the low levels of gravity, the
craters and satellites, and even the volcano Olympus
Mons. Students mentioned that suitable suits for their
mission to Mars had to be perfectly designed, so as to
reflect heat, and make it possible for the astronaut to
carry the necessary equipment. As far as the spacecrafts
are concerned, they must have enough space for all the
appropriate tools and the crew. The main training of the
astronaut was another common theme in stories. Almost
all students provided explanations about this exhausting
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but necessary stage in order for the astronauts to be
ready and prepared for different situations. In some
cases, students expanded their knowledge by providing a
number of examples of special conditions such as the
lack of gravity. The course of crew’s education included
training in special space conditions. This point was very
crucial to students as they have to represent real training
conditions. Therefore, it seems that they have studied
details about astronauts’ training (Figs. 1, 2, 3, and 4),
and the majority of students managed to find ways to
represent it, proving that they were able to apply what
they had learned. After the main training, students orga-
nized the first phase of preparation of a journey. Results
have shown that predicting the whole phases of an un-
known experience and organizing each possible detail
demand high levels of knowledge. The preparation phase
included making predictions and measures about safety
rules, calculating fuel supplies, predicting possible dan-
gers, sharing possible responsibilities to the crew accord-
ing to each profession, and organizing the first steps on
Mars such as taking photographs, gathering possible
data, (temperature levels), and finding a suitable location
for greenhouses to be built. It seems that the main rules
of surviving and living were taken into account by all
students. Students studied the conditions on Mars, act-
ing as scientists, stating that they may send robots to
study the sand storms, the solar storms, the ground, etc.
During the mission on Mars, students had predicted the
responsibilities inside the spacecraft, such as communi-
cation to Earth, the crew’s physical state, and had stud-
ied and measured the distances in space. In some cases,
they had thought about possible solutions to damages in
spacecrafts such as thermal insulation. Students also in-
clude scientific data, applying their knowledge, even
when they are on Mars. The heroes of the stories collect
data from the surface of Mars, build energy and water
systems, or even find ways to create an artificial atmos-
phere on Mars with magnetic fields. Some stories also
mentioned the option of building greenhouses for plants
to grow using fertilizers and the need for food supplies.
As far as the Outbox Category is concerned, fluent
imagination appeared in all stories (100%). This per-
centage indicates that students were motivated by this
theme which stimulated them to think “out of the
box” (see Appendix, Table 4). Students have managed
to generate many ideas in order to solve the problem
of realizing a mission to Mars. Approximately, 71.4%
of the stories are characterized by flexible imagin-
ation. This shows that students do not only use the
existed knowledge, but they started to consider mul-
tiple options regarding the complexity of the theme.
The students created problems in their stories that
need to be solved (e.g., find alternative sources of en-
ergy in case they run out of fuel, create favorable
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Fig. 2 An example of a student’s story referring to astronaut’s preparation

conditions for human colonization of Mars, etc.). Ori-
ginal imagination that addresses the application of
unusual ideas appeared in a small number of stories
(16%). This means that students, at least in their first
attempts of writing a story, do not feel comfortable
enough to express themselves in an unusual way. This
could be due to the fact that they are afraid that their
stories will not make sense to the readers or that
their stories will not be scientifically correct. There-
fore, it could be suggested that students are urged by
their educators to feel free to improvise by creating
problems and solutions beyond an expected content.
However, it has to be mentioned that wherever un-
usual ideas are included, like the help of robots or
people’s collaboration with robots, these ideas are to-
tally in accordance with the framework of the story.
Fluent imagination is confirmed in almost all stories
as they refer to the following:

a) The preparation before the mission: For example,
some heroes mentioned that they would take photos of
their families and gifts from their friends with them.

b) The training phase: This phase on Earth consists of
calculations about the distance between the Earth and
Mars with the help of the Sun’s orbit, model representa-
tion of greenhouses, or even the simulation of psycho-
metric tests and logical tests for astronaut preparation
and training. Students mentioned that the astronauts
must be calm, sociable and clever, and able to survive in
extreme conditions. They should have scientific skills,
while training should last more than 7 years.

¢) The mission phase: In some stories, the crew mem-
bers had to deal with unexpected parameters, like run-
ning out of fuels while returning back to Earth, and in
other stories the crew members discussed with “Martian
people” and learned their beliefs about humanity.

d) The future phase: In some stories, students ex-
panded their thinking and referred to future colonies on
Mars, or even the destruction of the Earth.

At the same time, flexible imagination is confirmed by
the existence of multiple professions as students seem to
find different options of facing possible problems. An-
other crucial factor is their mixed feelings (happiness for

Fig. 3 An example of a student’s story referring to astronaut’s preparation
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Fig. 4 An example of a student’s story referring to astronaut’s preparation

Nous sommes en
train de nous
habituer a
limpesenteur

the next step—sadness for their families—anxiety about
the future) about the mission to Mars. Multiple solu-
tions to possible problems also confirm high levels of
student flexibility. Students suggested that crew mem-
bers should build nuclear reactors on Mars so that nu-
clear power could be generated. They also highlight the
need for special equipment for water supplies, the need
to repair rovers, have batteries for wind turbines and
construct a new type of vehicle to protect astronauts
from dust storms. In some other stories, students used
stones from Mars as natural fuel, and they treated an in-
fection in the colony by taking samples and sending data
to Earth. Some students took into consideration the
principles of storytelling, so flexible imagination exists
also in the beginning of the stories (e.g., a father an-
nounced to his family that he had to go to Mars, and the
children decided to follow him without saying anything).
Original imagination is the heart of creative processes
as students generate new or unusual ideas. In some stor-
ies crew members discussed with aliens; some of these
aliens were presented as bad creatures while others as
being friendlier. In other stories, crew members had to
deal with new everyday life on Mars; therefore, they
were challenged to learn how to walk or eat. People’s co-
operation with robots is another innovative idea that is
presented in stories, along with the construction of spe-
cial vehicles to protect the members of the mission.
Newbox thinking (see Appendix, Table 4) is the last
category measuring students’ creative thinking. The
Newbox category has been analyzed regarding its subcat-
egories: (1) In the synthesis subcategory: Students tried
to go beyond a subject, combining knowledge from dif-
ferent professionals; (ii) Metaphorical thinking (57.1%):
Half of the stories analyzed elaborate on ideas viewed
from new perspectives (e.g. colonization on Mars seen
over time, imaginative cycle of water, etc.); (iii) Non-
verbal thinking (100%) is highly used by students,

probably because pictures and drawings are artistic ac-
tivities and belong to their common interests (out of
school activities); and (iv) five sense-thinking (35.7%)
which addresses that videos were not commonly used by
students, probably due to the priorities given by the stu-
dents, the amount of time required for the students to
visualize their ideas, the available tools, students’ famil-
iarity with the tools, and last but not least the difficulty
to visualize concepts that they had neither seen, nor ex-
perienced before in a way that is scientifically grounded.
For this reason, we suggest that further samples of stu-
dents’ digital stories should be analyzed after students
spend a significant amount of time in the use of the spe-
cific platform in writing more than one stories, and (v)
Body thinking (7.1%): Representing ideas with innovative
videos, or motion pictures might be difficult for primary
school students (see also five sense-thinking above). (2)
In the transformation subcategory: (i) Students try to re-
fine details of their stories, explain and enrich their stor-
ies based on prior knowledge regarding scientific
concepts; (ii) Unexpected variations appear in a great
number of stories (64,2%) as the mission to Mars is an
unexpected and risky experience. Students create prob-
lems and try to think of possible solutions; (iii) students
develop short stories (89.2%) by managing to remove
unnecessary elements to make the essence useful. (3) In
the promotion subcategory: (i) Storytelling and articula-
tion (100/%) which addresses the issue of crafting and
sharing compelling and interesting stories was success-
fully met in all digital stories and (ii) Naming (100%)
was again successfully met as all stories had a title and
some of them subtitles dividing the stories in chapters.
Synthesis is presented in some stories. Students go
beyond the subject or the field by connecting differ-
ent subject and professional domains that have to be
considered and combined for the success of the mis-
sion. However, it seems that this point was difficult
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for students. Metaphorical thinking seems to be more
difficult for students, but analogies like “the sound of
taking-off and landing is like an earthquake” are con-
sidered successful for this age. Nonverbal, five-sense,
and body thinking seem to be easier for students as
they used photos of Mars, Earth and satellites, space-
crafts and space stations, or video simulations show-
ing astronaut preparation. The transformation and
promotion categories indicate that students expand
and enrich their knowledge, by giving scientific expla-
nations, making experiments, and acting like creative
scientists. Almost all of the stories have creative titles,
or exciting events, like a discussion with aliens, or the
transformation of crews’ hobbies on Mars.

As far as Creative attitudes are concerned, open-minded
type is confirmed because of the collaboration with robots
or “Martian people,” but it appeared in few stories (see
Appendix, Table 4). Creative attitudes specifically involve
the open-minded, playful, emotional, and daydreaming at-
titudes that students expressed in their stories. They ap-
peared in very high frequency (open-minded 96.4%,
playful 100%, emotional 100%, and daydreaming 87.5%) as
young students have a tendency to correlate the creative
process of writing with their emotions. In the stories, stu-
dents often created humorous scenes, or they expressed
their emotions and goal-oriented thoughts influenced by
the cultural factor. Playful type seems to be more common
in stories, as students acted with humor. For example, the
main crew wondered if they could have ice creams on
Mars. The emotional factors also play an important role.
Spacecraft pilots were more stressed than others because
a small mistake could prove dangerous for their lives, or
the crew seemed to be excited for the new mission, but
anxious about their families and the success of the mis-
sion. The day-dreaming factor means sustaining unrealis-
tic but goal-oriented thoughts. For example, students
pretended to use an internet connection and their parents’
laptops to solve a problem, or the crews put fences around
the refuge on Mars to avoid attacks. Students appear to be
optimistic about the growth of colonies on Mars (Fig. 5).
As far as effective learning environments are concerned,
students in all stories had to communicate in order to
make decisions about their missions in Mars. They tried
to decide which trained staff members would be more ap-
propriate for their mission, what they had to do under un-
known or unpredictable circumstances on Mars, or how
they decided to change their lives dramatically, by partici-
pating in a mission to another planet. By comparing
schools from different countries, we can also examine dif-
ferent cultural or social beliefs. Simulations and art-based
activities are also obvious in students’ stories, as students
created models of Mars, or they wore augmented glass so
as to see the Mars for a moment. Dialogic space is also
important, as students negotiated with each other about

(2020) 7:25

Page 16 of 22

the scenario of their stories, the parts of their stories, and
the pictures or drawings that enriched their stories. Sev-
eral students made experiments in their school laborator-
ies in order to represent living conditions on Mars. Some
schools tried to represent the lack of gravity or the high
pressure and temperature on the surface of Mars. Some
schools visited research centers or asked researchers
about, for example, an astronaut’s preparation and train-
ing, the living conditions on Mars, etc. We have noticed
that when the students contacted professionals, they could
represent their ideas in more enriched and creative ways.
Moreover, most students wanted to write a whole scenario
so as to narrate a story in an understandable way and
communicate their ideas.

Students’ creativity evaluation model research tool
Students’ Creativity Evaluation Model Research tool con-
sists of five main categories: (1) cognitive subjects (con-
tent/interdisciplinarity), (2) ICT tools, (3) representations/
visualizations of scientific ideas (e.g., videos, pictures, and
drawings) regarding their content, (4) the socio-cultural
factor and out-of-school activities, and (5) the socio-
emotional factor (see Appendix, Table 5). The first three
categories are further analyzed considering the expected,
original, and innovative aspects that students apply to their
storytelling. This way we have a qualitative scaled measure-
ment of the degree of creativity underlying the stories of
Mars; on one side of the continuum, one finds the “ex-
pected” aspect, the low-level creativity, and on the other,
the “innovative” aspect which indicates high-quality cre-
ative elements. The last two categories analyzed in this re-
search tool derived from the analysis process and indicate
students’ need and tendency to emotionally connect with
something familiar as they explore unknown territories.

In the first category “cognitive subjects,” all stories exam-
ined (100%) include the “expected” aspect, which denotes
students’ inherent need to ground their storytelling on
their prior knowledge and beliefs. This means that students
approach the development of stories in a scientific way by
embedding scientific facts in fictitious conditions. Typical
examples of the expected aspect are students’ references to
(1) scientific concepts/phenomena regarding Mars (color,
size, unfavorable for human survival conditions, etc.), (2)
the specific supplies they have to consider regarding fuel,
food, (3) the necessary exploration equipment, (4) commu-
nication tools to keep in touch with the Earth, and (5) es-
tablishing accommodation facilities to enable their survival
on Mars. However, the “original” aspect is tracked in 80.3%
of the stories in which students attempt small steps to
move beyond the safe zone of prior knowledge and engage
in making scientific hypotheses and predictions regarding
unknown areas. For example, students comment on the
reasons why they chose to colonize Mars instead of Venus
based on scientific elements. They thoughtfully and
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Fig. 5 An example of a student’s story referring to a city on Mars
.
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thoroughly designed their space suits to withstand the ad-
verse conditions on Mars (e.g., white color to reflect heat).
They even stress the need for suitable education and train-
ing that are required to ensure their survival on Mars (e.g.,
zero gravity conditions, building greenhouses, etc.). Finally,
the “innovative” aspect is tracked in only 16% of the stories
in which students feel comfortable enough to create and
shape their own scientific reality about human habitation
on Mars. In these stories, the young story-writers speculate
and improvise on shaping the appropriate technical condi-
tions to apply the cycle of water on Mars. They even reflect
on the positive aspects of gravity absence in manipulating
water streaming and solve the energy problem by encoun-
tering solar energy stones on Mars. Further, typical exam-
ples of the “innovative” aspect are imaginative ideas about
the sleeping process which will be made possible by fasten-
ing the spacesuit belt.

In addition, all stories highlight in the “expected” factor
the need to involve experts/scientists from different domains
in order for the astronauts to be able to inhabit Mars. The
typical professions that are mentioned are engineers, doc-
tors, pilots, scientists, chemical engineers, and nuclear physi-
cists. However, as we move from the “expected” aspect to
the “innovative” aspect, 70% of the stories mention a neces-
sity for agriculturists, botany specialists, soldiers, and
trainers, indicating their intentions to ensure and establish a
permanent habitat for humans on Mars while 30% of the
stories even make a reference to chefs, educators, history
teachers, archaeologists, nutritionists, architects, and agrono-
mists which implies the story-tellers’ wish to solve the prob-
lem of permanent refuge of humans on the Red Planet. In
other words, students applying the “innovative” aspect in
their stories visualize Mars colonization and its sustainability

and, thus, creatively attempt to ensure a historical tracking
of human inhabitance on Mars.

The second category involves the quality of Informa-
tion, Communication, Technology tools applied by the
students in their digital stories. All stories are enriched
with pictures and students’ drawings of Mars depicting
the planet’s ground as well as drawings of a spaceship
approaching Mars, visual items that address the “ex-
pected” aspect. In the “original” aspect, we have only
19.6% of the stories which have a video embedded depict-
ing the spaceship’s trip from Earth to Mars and/or vice
versa and a very small percentage (3.5%) for the “innova-
tive” aspect. As in this category, we evaluate the degree of
creative application of Information, Communication,
Technology tools; we should note that in the “Stories of
Tomorrow” project, the students were asked to write their
stories in a high-tech digital platform that requires effort
and time before its use. In order to set the accurate
context for our analysis, we therefore need to clarify that
students’ application of further Information, Communica-
tion, Technology tools in their stories was not their prior-
ity. For this reason, we have low levels of creativity
registered in this category, but we identify the need for
further analysis of the samples of students’ digital stories
after they have spent a significant amount of time using
the specific platform.

The third category “Representations/Visualizations of
scientific ideas” requires further sampling at a later time;
students need to create a second or third digital story in
the platform. However, in the “expected” aspect all stor-
ies have ready-made pictures, the students’ digitally cre-
ated pictures, drawings of Mars depicting the planet’s
ground, planets, preparation phase of the mission, and
the spaceship travelling from Earth to Mars and/or vice
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versa. This fact highlights a need for students to repre-
sent the content of their stories in an already familiar to
them way that is why they use or create visual prompts
that they have already seen either in their scientific re-
search or in science fiction movies and/or documentar-
ies. In the “original” aspect, we have only 16% of the
stories which have a video embedded created by stu-
dents, a simulation regarding the astronauts’ preparation
phase, simulation of safe landing on Mars, and a robot
narrating the story. In the “original” aspect, we also clas-
sify some drawings that depict a greenhouse on Mars,
the destruction of the Earth, and an explosion on Mars.
Finally, in the “innovative” aspect, in 44.6% of the stories,
there are highly creative drawings of refuges built on
Mars, a visualization of an articulate inhabitance of Mars
which shows the presence of water, a picture of scientific
exploration of Martian stones (red circles applied in the
photo similarly to a typical investigation), and even the
use of legos to build a space vehicle. However, we should
consider the difficulty of the representation/visualization
category regarding the priorities given by the students,
the amount of time required to visualize their ideas, the
available tools, students’ familiarity with the tools, and
last but not least the difficulty to visualize something
that they have never neither seen on experienced before
in a way that is scientifically grounded.

The fourth category, “the socio-cultural factor and
out-of-school activities,” which derived from the analysis
process is present in all stories (100%) and indicates stu-
dents’ need to connect with past experiences, knowledge,
and beliefs and transfer their understanding to an alter-
native content/different setting. Students make refer-
ences to both micro- and macro-levels of the socio-
cultural factor in their stories: (1) micro-level regarding
the professions/expertise necessary to ensure the sus-
tainability of Mars colonization and human survival or
the fact that students even acknowledge the necessity for
historians that will track human civilization on Mars and
(2) macro-level regarding students’ explanation for the
need for a mission to Mars in order for humans to face
the imminent danger of Earth’s destruction due to all
the environmental and social issues. In other words, al-
though students engaged in writing a story about the un-
known, their creative ideas have their origins and their
significance in the culture that created them. Students
learn to communicate and negotiate by applying the
socio-cultural elements. In addition, the feature of out-
of-school activities is present in all stories since students
in the present activity highly engaged in possibility
thinking and making conceptual connections from dif-
ferent subject domains (see theoretical framework).

In the fifth category, the “socio-emotional factor” is highly
present in students’ digital stories. All stories (100%) make
strong references to the emotions that the astronauts had
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before, during, and after the exploration on Mars. Each writ-
ing episode or scene is accompanied by references to the
emotional state of the protagonists; the crew seemed to be
excited about the mission to Mars; they felt sorry for leaving
their families behind; they felt scared to face difficult situa-
tions such as running out of fuel, experiencing explosions,
etc; they were looking forward to travelling back to Earth,
filled with awe when witnessing the magnificent view of
space and realizing its uniqueness, self-satisfied, and proud
of themselves for accomplishing their mission, etc. All these
references indicate students’ need to experience and feel the
represented concept in order to be able to elaborate on their
ideas and connect with the content they create.

Expert’s creativity evaluation model research tool

There are both differences and similarities between expert
and students’ approach. The similarities are that students
in their stories report elements from corresponding cat-
egories such as (a) scientific cognitive subjects or other,
(b) technologies or other ICT tools, and (c) socio-
emotional aspects, but their representation and approach
is different. For experts, story representation is guided by
an abstraction of scientific domain such as astrobiology or
astrochemistry (which are unknown to the students) and
an up to bottom approach, while the opposite was true for
students who acted with similar creativity.

Cognitive subjects (content/interdisciplinarity/cross-linking)
The experts (scientists, researchers, and teachers) reported in
their stories scientific content from astronomy (about Mars,
the planets of the solar system, the exoplanets, etc.) or astro-
biology (astrobiology is a branch of biology concerned with
the origins, early evolution, distribution, and the future of life
in the universe), or biochemistry (sometimes called biological
chemistry, is the study of chemical processes within and relat-
ing to living organisms), or they referred to different scientific
objectives such as (a) understand the formation and evolution
of terrestrial planets through investigation of the interior struc-
ture and processes of Mars, (b) determine the present level of
tectonic activity and meteorite impact rate on Mars, etc.

The experts reported in their stories scientific content
from astrobiology about the habitability factors (water,
chemical environment, energy for metabolism, conducive
physical conditions), possibility of life on other planets,
etc. Astrobiology makes use of molecular, biophysics, bio-
chemistry, chemistry, astronomy, exoplanetology, and
geology to investigate the possibility of life on other
planets and help recognize biospheres that might be dif-
ferent from that on Earth.

The experts reported in their stories scientific and pro-
fessional content from previous or future missions (Mars-
1 was the first spacecraft launched to Mars in 1962, but
communication was lost while in route to Mars) (attend
launch activities for NASA’s insight mission, May 3-5,
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2018, at Vandenberg Air Force Base near Lompoc,
California) (Mars 2020—the Mars 2020 rover is a Mars
planetary rover mission by NASA with a planned launch
in 2020). Experts intended to investigate Mars, its surface,
geological processes, and history, including the assessment
of its past habitability and potential for biosignature pres-
ervation within accessible geological materials.

The experts reported in their stories scientific, profes-
sional, and anthropological content about human
colonization of Mars. Some of the main reasons for coloniz-
ing Mars include economic interests, long-term scientific re-
search best carried out by humans as opposed to robotic
probes, and sheer curiosity. A NASA report states that “ap-
plicable frontier technologies include robotics, machine
intelligence, nanotechnology, synthetic biology, 3-D print-
ing/additive manufacturing, and autonomy.” These tech-
nologies combined with the vast natural resources should
enable pre- and post-human arrival in situ resource
utilization (ISRU) in NASA to greatly increase reliability and
safety and reduce cost for human colonization of Mars. The
team comprises of scientists and engineers from multiple
disciplines and is a unique collaboration between countries
and organizations around the world. The experts report art-
istic content from famous movies or from other disciplines
(literature, etc.) in their stories. The Martian (film) is the first
movie that attempts to be realistic and that is actually about
human beings grappling with the problems of exploring
Mars, as opposed to various horror films set on Mars.

As far as Information, Communication, Technology
tools/Multimedia/Technologies are concerned, the experts
used in their stories all of them (videos, interactive objects,
maps, avatars, Mars Ascent Vehicle, Planetary Protection
Technologies, robotics, machine intelligence, nanotech-
nology, synthetic biology, 3-D printing/additive manufac-
turing). Last but not least, socio-emotional aspects were
also evident, as the experts use in their stories RRI aspects
(gender equality, ethics, etc.). Students’ emotional and psy-
chological reactions become evident in their stories (“I'm
part of the crew or not, I'm excited to be part of the mis-
sion, I am saddened to get away from my family” etc.).

Discussion

According to the data analyzed, this research suggests that
students’ creative skills have to be researched in a deeper
way, studying the internal mechanisms of creative think-
ing. Standardized tools help us measure creativity and fur-
ther understand how students’ mental representations
work in order to produce a creative product scientifically
acceptable has to be studied further. These findings with
CCQ Tool can offer a better understanding of what the
complex content of scientific creativity is, as we do not
only take into consideration students’ creative writing. We
also examine how students use scientific data and how
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they try to combine them in an enriched environment,
using multiple representational systems at the same time.
This indicates higher cognitive skills, as students have to
produce stories, that are scientifically correct and creative
at the same time, and to represent their stories with differ-
ent semiotic systems. At the same time, we have to men-
tion that the analyzed stories are only a small sample of
the stories produced by all participants, as the program is
still in progress. This could be seen as a limitation to our
study, as studying and analyzing all the stories can lead us
to new categories of scientific creativity. However, this re-
search is part of the pilot study, and the biggest sample is
going to be researched in future studies. In future studies,
the data are going to be represented by both qualitative
and quantitative, statistical analysis, but at this phase of
our research it is crucial to understand whether the sug-
gested research tools can actually offer a better under-
standing of creativity. The data confirm that these tools
can lead us to some conclusions about how creative skills
are organized by the students, how they are enriched with
scientific data, and how these skills can be better under-
stood in a creative concept (the missions to Mars) which
is not part of National Curricula.

Conclusions

Considering the innovative and creative theme of the
mission to Mars, the majority of stories are character-
ized as creative. It is worth mentioning that almost
all of the stories combined science to creative ways of
thinking; therefore, students produced both authentic
and scientifically correct stories, as they justified their
choices in their stories with scientific explanations. In
addition, almost all the stories presented principles of
different subject domains and scientific fields, as
students tried to represent their stories with different
semiotic systems. Different subject domains, like
astronomy, physics, engineering, mathematics, archae-
ology, anthropology, philosophy, and robotics, were
enriched with artistic and literary elements, repre-
sented with digital tools. Students transformed their
personal values and beliefs into stories, and therefore
this creative procedure was influenced by social, cul-
tural, and ethnographical characteristics. As a result,
these stories are not only the final product of stu-
dents’ imagination, but they also represent students’
internal cognitive mechanisms. Decoding the stories
confirms that students have to use higher cognitive
skills. The present study is also important as it is
based on a qualitative analysis of the students’ cogni-
tive and creative skills, while we have also examined
the internal procedures that students follow in order
to represent the scientific notions in creating a scien-
tific, authentic story.
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Appendix

Table 4 Data of the content analysis of the “Inbox to Newbox" research tool

Outbox Creative Attitudes |
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Table 5 Data from the content analysis of students’ creativity evaluation model research

Socio-cultural Socio-
Cognitive subjects ICT tools Visualization factor emotional
(Content / { of tools / ) factor
interdisciplinarity)
5 g H g H g
Total GR 100 % 71,4% 14,2% 100 % 28,5% 14,2% 100 % 14,2 % 285% 100 % 100 %
61,8 % 47,5% 475% 100 % 100 %
Total F 100 % 100 % 50 % 100 % 50 % 0% 100 % 50 % 50 % 100 % 100 %
833% 50 % 66,6 % 100 % 100 %
Total P 100 % 50 % 0% 100 % 0% 0% 100 % 0% 0% 100 % 100 %
50 % 333% 333% 100 % 100 %
Total FIN 100 % 100 % 0% 100 % 0% 0% 100 % 0% 100 % 100 % 100 %
66,6 % 333% 66,6 % 100 % 100 %
Total 100 % 80,3% 16 % 100 % 19,6 % 35% 100 % 16 % 44,6 % 100 % 100 %
/sum
65,4 % 41% 53,5% 100 % 100 %
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