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Abstract: Creativity in playful creative problem-solving (CPS) is influenced by the emotional state of the learner-player. In
this study, we evaluated how stressful situations (such as conditions of war) can impact divergent thinking (DT) in CPS. To
evaluate divergent thinking, the main components of which are fluency, flexibility, and originality, creativity researchers have
developed the Alternative Uses Test (AUT), where participants are asked to write about different uses of familiar objects in
a limited amount of time. In educational robotics, DT has been operationalized with the same components of fluency,
flexibility, and originality based on the diverse configurations made by the learner-players. In the present research, we
engaged participants in a playful activity with modular robotics to evaluate divergent thinking. Participants engaged in the
CreaCube task are Ukrainians. We recruited two groups of participants: Ukrainian refugees living in France and participants
staying in Kyiv (Ukraine). These participants are experiencing a stressful situation due to the daily war events in Kyiv during
the development of this study (missile attacks, power and heating restrictions, air sirens, and limited communication with
partners on the frontlines). By comparing these two groups of learner-players in the CreaCube task, we aim to identify how
stressful situations affect divergent thinking. The preliminary results showed that flexibility and originality as DT components
of the participants from Kyiv in the first experiment are significantly higher than those of the refugee participants based in
France. This may indicate that the participants from Kyiv, having been in stressful situations (war conditions) for almost a
year, have developed more original ideas (originality component) and different ideas (flexibility component), which could be
explained by the daily problem-solving activity under war constraints. Playful situations under war conditions permitted the
Kyiv participants to distract themselves from the current situation and show originality in thinking better than participants
playing in France who were not in stressful situations. This may indicate that wartime constraints have engaged the
participants in better strategies for generating novel ideas, but it also indicates that the interest in game activities has a
positive effect on DT even in stressful situations for the participants.
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1. Playful Educational Robotics
1.1 Educational Robotics in the Classroom

The current stage of the development of science and technology is characterised by the growing popularity of
robotics and the expansion of the scope of robots (Akcaoglu et al., 2017; Buchem and Backer, 2022; Chevalier
et al., 2022). Teaching youth to design, program, and use robots and robotic systems relates to the requirements
of today, namely the emergence of new professions in the field of robotics and, as a result, the need for relevant
specialists. In the present world, increased attention is paid to robotics as an applied science, including its
educational and developmental potential. Educational robotics is a cross-disciplinary area of students’ learning.
lts process integrates the knowledge of STEM subjects (physics, technology, mathematics), cybernetics,
mechatronics, informatics, and digital technology. Teaching educational robotics corresponds to the idea of
advanced training (learning the technologies that will be needed in the future) and allows students of all ages to
be involved in the process of innovation, scientific and technical creativity (Morze, Strutynska and Umryk,
2018a).

Educational robotics classes ensure the implementation of interdisciplinary links with STEAM subjects, as well
as the practical application of theoretical knowledge. According to Morze, Strutynska and Umryk (2018b), such
classes include the following components:

1. The idea of creating a specific robot and the corresponding technical task.

Modelling of the robot.

Design of the robot.

Build a robot algorithm and program the robot in accordance with the technical task.
Testing the robot.

e wN
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One of the most effective ways to do this is to propose learning research projects for students, such as:

e Plant Pollination project (creating a robot for plant pollination - modelling the relationship between a
pollinating insect and a flower at the stage of reproduction) - integration of biology, robotics, and
programming.

*  Flood Protection project (designing an automatic gateway to control water levels in accordance with
different rainfall patterns) - integration of technology, robotics, and programming.

e QOcean Cleanup Project (designing a prototype robot to remove plastic debris from the ocean) -
integration of ecology, technology, robotics, and programming.

®  Project "Space Exploration” (design of a prototype robot all-terrain vehicle for exploration of distant
planets) - integration of technologies, robotics, and programming.

The implementation of such projects contributes to the development of the key competencies for the 21st
century, such as the #5c21 framework, which includes collaboration, problem solving, critical and creative
thinking, but also computational thinking, and research skills (Morze, Strutynska and Umryk, 2018b).

Incorporating basic knowledge of the fundamentals of robotics into school education will enable the training of
specialists for future jobs related to industries that do not exist today. It is important to remember that the use
of educational robotics makes it possible at an early stage to identify the technical inclinations of students and
develop their technical creativity (Morze, Strutynska and Umryk, 2018a).

1.2 Playful Activities Engaging Children in Creative Problem Solving in Educational Robotics

The positive impact of the game approach on the development of critical thinking, collective creativity, and
problem-solving skills was considered by Tang, Vezzani, and Eriksson (2020). Learning to be imaginative and
creative requires open and flexible environments rich in materials and role models that reflect the cultural life
of their communities, e.g., songs, crafts, languages, and artefacts. Language mediation within semantic tasks, as
in the Alternative Uses Test (Guilford, 1967; Beaty et al., 2022) but also musical instruments in the case of musical
creativity and STEM artefacts (robots, electronic components, etc.) in the context of creative problem solving
(CPS) with technologies (Charisi, Liem and Gomez, 2018). CPS can be supported with visuospatial constructive
play objects (VCPQ) or artefacts such as modular robotics (Ness and Farenga, 2016). In the CPS tasks with
modular robotics, creativity can be observed not only by the analysis of the configurations but also by the
behavioral learning analytics, including the gestures and actions of the participant engaged with the mediating
artefacts.

2. Creativity: From Divergent Thinking to Convergent Thinking

Creativity is a complex human process that can be observed in a high diversity of learning, professional, and
personal tasks. Despite being considered a transversal competency by most of the 21st century skills frameworks
(Burkhardt et al., 2003; Care, Griffin and McGaw, 2012; P21, 2019), creativity needs to be considered in the
specific context of an academic domain and task. Moreover, the results on the assessment of creativity show
how the same subjects can have different divergent thinking (DT) scores depending on the task and the
materiality of the artefacts engaged in the task (Leroy, Romero and Cassone, 2021; Romero and Barma, 2022).
Guilford (1967) underlined the potential benefits of creativity, which could have a positive influence on society
in light of issues like maintaining peace, providing for a rising global population, and improving the educational
level in general (Guilford, 1967; Lubart, 2017). The 7 C's framework for conceptualising work on creativity
proposed by Lubart (2017) shows that creativity can cover many different aspects and be expressed in different
forms of activity, from the creation and context of ideas and productions to their consumption.

In this study, we focus on CPS tasks in which the learner is engaged both in DT (ideation) and convergent thinking
(idea selection) processes in different cycles of iterative improvement. DT is the process of creating multiple,
unique ideas or solutions to a problem that an individual is trying to solve. Through spontaneous, free-flowing
thinking, DT requires coming up with many different answers or routes forward, which is an important aspect of
CPS (Runco, 2011, 2014). In CPS, DT corresponds to idea creation, while convergent thinking corresponds to idea
selection.

DT is a cognitive process that leads to the creation of various ideas and their advancement in different directions
in a problem-solving situation. Some of these ideas are conventional, and some are original. The three main
components of DT are fluency, flexibility, and originality, as defined by Guilford (1967). DT components permit
us to differentiate between the fluency of ideas, even if they are not original, the flexibility of ideas showing a
certain difference with prior ideas, and originality, which are the ideas appearing to be rare within a certain
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group of references. DT allows an individual to identify the fullest range of alternatives and possibilities. DT is
not linear and does not lead in only one direction but instead branches out so the individual has more freedom,
latitude, and a very full set of options (Runco, 2022).

DT has been thoroughly studied and is considered an important process in creativity research. Originality, as one
of the DT components, is an extremely important characteristic because it is a prerequisite for creativity (Acar
et al., 2019). DT tests are very often used in creativity studies and as measures of creative potential (Runco and
Acar, 2012; Runco et al., 2016). By no means is DT synonymous with creativity, but results from DT tests have
proven to be informative about the potential for CPS. DT tests offer information about originality, one part of
the standard definition of creativity, as well as flexibility and fluency with ideas (Runco, 2022).

To test DT generally, the Alternative Uses Test (AUT) is used, which asks participants to describe or write several
uses for known items to tell lots of different ways how the spoon, wheel, toothbrush, etc. can be used (Wallach
and Kogan, 1965), or other ideation tasks that are not only semantic but also can engage the learners’ in drawing
or other DT activities (Torrance, 1972; Abdulla Alabbasi et al., 2021; Acar et al., 2021; Runco, 2022).

In the present study, we focus on the creators’ DT and the actual creation (configuration) made with a set of
modular robotic cubes. In our study, we aimed to evaluate the three DT components (fluency, flexibility, and
originality) through an educational modular robotics task that engaged the Ukrainian participants in building
their ideas during stressful situations (war conditions).

3. How Stress can Impact Creativity

It is believed that creativity requires a positive emotional setting to be supported. For instance, Stinkeste,
Napala, and Romero (2021) show that, both in individual and collective settings, a positive climate is very
important to support CPS. In STEAM activities, team climate has been observed to support the creative process
in relation to co-creativity. Other researchers studying the impact of stress on creativity indicate that their
relationship is controversial and much disputed because stress can affect creativity either positively or
negatively.

Anderson, De Dreu, and Nijstad (2004) claim that stress may boost creative thinking in organizations. According
to their findings, stress is a source of extrinsic motivation and raises arousal levels. As a result, when people are
under stress, they may utilize a concentrated problem-solving method that promotes creativity. Other studies
show that stress can reduce creativity. Thus, according to the meta-analysis in psychology studies developed by
Byron, stress tends to reduce creativity by putting a strain on cognitive abilities, leading to the employment of
straightforward cognitive techniques that are likely to decrease originality (Byron, Khazanchi, and Nazarian,
2010).

The study by Kassymova et al. (2019) investigated the extent to which stress affects students' academic success
and health. Investigating the following dependencies, they also found that stress and creativity interact in an
ambiguous way. On the one hand, stress suppresses creativity, like all other intellectual abilities. On the other
hand, stress encourages people to search for new forms of response, i.e., to be creative. The nature of creativity
in a stressful situation is largely related to the type of stress. The more stressful a person is, the higher and more
extensive their creative achievements are. On the third hand, a person's creative abilities help him or her to
easily endure stress, sometimes without noticing it. Fourthly, a person's creative abilities can lead them to
specific stressful situations related to the need for their realisation (Kassymova et al., 2019). Thus, a person's
creative abilities can be an important source of stress resistance. Based on these different studies, we need to
consider the relationship between the domain and the tasks in which creativity is studied in relation to stress.

3.1 Play under Conditions of war

Safety is an important human need for all citizens. During wartime, children and adults suffer from different
types of chronic stress, which can have a long-term impact. The literature review of Elbedour, ten Bensel, and
Bastien (1993) has identified the wartime effects on the child's psychological development, especially if their
adults’ figures of reference have not developed coping strategies. The child's adjustment is also affected by their
community stability and social services, which require them to consider the importance of the school's
educational activities in supporting the well-being of the children. Moreover, when free play outdoors is
diminished, this can also be an aggravating factor for mental distress (Gray, Lancy and Bjorklund, 2023). As
educators and researchers, we do not have the possibility to stop the war, but we can imagine different ways to
support Ukrainian educators, researchers, and, most importantly, Ukrainian children through playful activities.
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When the war in Ukraine started, we wanted to know how we could help Ukrainian colleagues in the learning
sciences and support their educational efforts during wartime. The research and societal values of the MSc
SmartEdTech of Université Cote d'Azur are to develop learning activities that can support the sustainable
development goals (SGDs) with a special focus on quality education (SGD4) “Ensure inclusive and equitable
quality education and promote lifelong learning opportunities for all”? We organised our first activity in 2021,
inviting female researchers in STEM education from Ukraine for a special webinar on Women's Day of 2021.
Afterwards, we had the opportunity to support Prof. Oksana Strutynska, full professor at Kyiv, in joining the Let's
STEAM! and ANR CreaMaker projects in the LINE research lab. We then organised two workshops in Nice
including supporting unplugged computer sciences activities developed within the Unplugged Quest project in
2022. In January 2023, Prof. Strutynska flew back to Kyiv for Christmas and after the holidays, she also ran
different individual and collective playful sessions at the Faculty of Mathematics, Informatics, and Physics at the
Dragomanov Ukrainian State University.

4., Methodology

4.1 Participants

The experiment involved 33 Ukrainian participants, who were divided into two groups: Ukrainian refugees in
France and participants from Kyiv (who were in stressful situations - conditions of war). The participants were
presented with a playful activity with modular robotics to evaluate divergent thinking, the CreaCube task.

In the workshops developed in Nice in 2022, we engaged Ukrainian families among the refugee community in
Nice. Most of the children are well-integrated in primary and middle schools but have different levels of French
proficiency, which made the translation of some terms necessary, and different levels of prior knowledge in
computer sciences. The participants were invited to the LINE lab in Nice, and after the activities, we shared some
snacks to support team building and the opportunity to debrief not only about the Unplugged Quest activities
but also in relation to their daily challenges. We involved 17 participants in a playful activity in Nice.

We organised the workshops in Nice on a non-school day to allow the parents to come with their children. We
shared with the parents the Unplugged Quest activities. They appreciated the diversity of languages in the
activities that support their children's language learning. On the Nice team, we are amazed at the courage of the
volunteers who were joining these activities.

In Kyiv, Prof. Strutynska proposed the participants join the Faculty of Mathematics, Informatics, and Physics at
the Dragomanov Ukrainian State University (Ukraine), according to the safety measures during wartime.
Participants reported enjoying the playful activities. We involved 16 participants in the experiment. During the
workshop, we took all the necessary measures to ensure the safety of the participants. During air raid sirens, we
went down to the shelter. After the danger was over, we returned to the game activities.

4.2 Evaluation of Divergent Thinking

To evaluate divergent thinking, learner-players are asked to solve the CPS CreaCube playful task. The resolution
of the CreaCube activity involves the manipulation and assembly of cubes. In order to complete the game's
objective, the player must investigate unknown cubes and make an autonomous vehicle that can move from the
starting point to the final destination (Romero, DeBlois and Pavel, 2018). In this way, we can analyze the process
of CPS to evaluate the DT components for every participant.

Participants are required to build an autonomous vehicle that can move from the starting point to the
destination using Cubelets modular robotics. Participants build different options for vehicles (fluency
component), including different ideas (flexibility component) and original ideas (originality component). Based
on the operationalization of the AUT by Guilford (1967), we evaluate DT in the CreaCube task using the three DT
components. Fluency corresponds to the total number of distinct ideas; flexibility corresponds to the number of
distinct categories; and originality is the rarest response, corresponding to those provided by fewer than 5% of
all participants within the same age category. Participants are invited to play again after their first success in the
CreaCube game. The goal of the second attempt is to determine whether the player has learned and considered
the cubes' characteristics from the first attempt, as well as whether they have tried to solve the problem by
creating a new solution or trying to duplicate the first solution exactly. These next actions also prove to evaluate
the DT of participants.
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5. Results

During the experiments, all learner-players had two attempts at the CreaCube activity (Al and A2). In each
attempt, we obtained results for three DT components: fluency, flexibility, and originality. After experiments,
we analyzed the participants’ activity from videos by using specially developed software in which the figure
configurations are pre-set (Figure 1).
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Figure 1: Ad hoc developed software for analysis DT components

Once the video is uploaded to the CreaMaker research platform, it is analysed by integrating the corresponding
coding schemas (Figure 2).
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Figure 2: Video analysis using the figures coding schema to calculate the DT scores

We processed the videos using this specially developed software, based on which the DT components are
analysed based on the video analysis through the CreaMaker platform. The results analysed with JASP (0.17.1
release) are shown in Table 1.

Table 1: DT components' scores for Kyiv and Nice participants

A1 Fluidity Al_Flexibilty A1 Onginality A1_Time A2 Fluidity A2 Flexibilty A2 Onginality AZ_Time
Ky Mice Ky Mice Ky MNice Ky Mice Ky Mice Ky Mice Ky Mice Kyn Mice
Valid 16 15 16 15 16 15 16 15 14 15 14 15 14 15 14 15
Missing 0 o 0 o] o [ o o 2 o 2 V] 2 0 2 o
Mean 4.938 48933 2188 1.600 1.188 0133 206.063 223,800 2.857 2600 1.214 1.200 0.288 0333 71.000 87.800
Std. Deviation 5234 8.996 1.974 0632 1.471 0.352 148 486 227507 2.381 3757 0.802 1.265 0.611 0.816 36.574 93253
Minimurm 0.000 1.000 0.000 1.000 0.000 0.000 G5.000 §4.000 0.000 0.000 0.000 0.000 0.000 0.000 21.000 19.000
Maximuim 18 000 a7 000 7000 3000 5000 1.000 539 000 B55 000 9000 15 000 3000 5000 2000 3000 140 000 307 000

We can observe in Table 1 a higher level of flexibility (m=2.18; sd=1.97) and originality (m=1.19; sd=1.47) in the
first instance (A1) of the CreaCube task among the participants in Kyiv than those in Nice.

The next figures focus on the DT components with the highest differences between the Nice and Kyiv
participants. Firstly, figure 3 shows the difference in the first instance of the CreaCube activity (A1) on the
originality DT component. We can observe that Kyiv participants are more original (m=1.18; sd=1.47) than those
in Nice (m=0.13; sd=0.35). The Welch's t-test (t(16.821) = 2.784, p = 0.013) suggest that there is a significant
disparity in originality scores between the Kyiv and Nice groups.
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Figure 3: Originality in A1 among Kyiv and Nice participants
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Figure 4: Fluency and Flexibility in A2 among Kyiv and Nice participants

We can observe that despite a similar average, the distribution of the DT scores of fluency and flexibility in A2
are more diverse among Kyiv participants than those in Nice. There was no significant difference in fluidity scores
between the Kyiv and Nice groups in A2, t(27) = 0.218, p = 0.829, neither in flexibility, t(27) = 0.036, p = 0.972.

6. Discussion

The analysis of the Nice and Kyiv participants shows some differences, especially in relation to originality in Al.
The second activity (A2) shows a lower level on each of the DT components, which is a normal observation due
to the prior experience acquired when solving the first instance of the task.

The higher rate average value of the originality component (A1, see Figure 3) of the Kyiv group compared to the
Nice group can be explained by the fact that learner-players from the Kyiv group daily face the need to solve
various problems due to the wartime stress: lack of electricity, heat, and sometimes water; difficulty in cooking
in the absence of electricity; closed shops; household appliances do not work; ATMs do not work; need to
interrupt studies, work, and moving around the city during air raids; constant stress due to the war, etc.

Therefore, their readiness to solve problems in the novelty situation of Al is higher among the Kyiv participants
than that of the participants from the Nice group. In addition, in such difficult war conditions, the opportunity
to attend a playful activity with modular robotics CreaCube also brought participants from the Kyiv group
positive emotions and distracted them from the current situation in the country. This allowed them to relax,
which can also serve as an additional factor in a higher level of CPS.

Despite a limited sample size, this study is an opportunity to consider playful interventions to help Ukrainians
engage in creative activities and value the DT capacities developed under the stressful situation of war. Both the
experimenters and participants in France and Ukraine reported a highly positive playful experience that, beyond
the DT indicators, is a positive intervention to support Ukrainians through game-based learning activities.
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