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Introduction: This study looked at how an assessment instruction and test anxiety
(TA) can influence divergent thinking (DT) components of creativity in a playful robotic
problem-solving task.

Methods: We measured TA and creative performance (TD) under assessment
and non-assessment conditions in 122 secondary students engaged in creative
problem solving (CPS).

Result: The aspects of DT (fluidity and originality) showed a tendency to
be impacted by assessment instruction. Thus, under non-assessment
conditions, the learners show higher fluidity and better originality in the
first occurrence of the CPS task. In the second occurrence, time spent on
CPS decreases. Moreover, the originality turns to be impaired in the second
trial and only student under assessment maintain their engagement in the
activity. No correlation was found between TA and DT, and no gender or age
differences were observed. The results suggest that TA does not influence
the performance of the students involved in creative problem-solving
processes.

Discussion: We discuss the findings in relation to game-based learning
specificities. The assessment instruction in playful activities can be perceived
as a positive challenge and even the students showing higher levels of test
anxiety do not perceive it as a threat. Furthermore, if time constraints are
minimized, the impact of assessment instruction on creative performance
might be further reduced. The finding of this study opens promising
perspectives to the research on innovative forms of school assessment and
creative problem solving.
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creative problem-solving (CPS), divergent thinking, assessment instruction, test
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Creativity and creative
problem-solving

Creativity is an important component of the problem-solving process
(Besangon et al., 2015; Nazzal and Kaufman, 2020; Runco, 2023). In
educational tasks, creative problem-solving (CPS) engages complex
cognitive processes including divergent thinking, convergent thinking, and
the regulation of the CPS process toward the activity goal. CPS tasks are
characterized by a certain level of uncertainty (Runco, 2022) and are often
ill-defined (Mumford et al., 2020; Romero et al.,, 2022), in which they have
different degrees of creative freedom for progressing toward a solution.
Greenwald (2000) characterizes ill-defined problems as being “unclear and
raises questions about what is known, what needs to be known, and how
the answer can be found. Because the problem is unclear, there are many
ways to solve it, and the solutions are influenced by one’s vantage point and
experience” (p. 28). In this sense, CPS is more complex than well-defined
problem-solving tasks in which the process and solution could be solved
by applying logical reasoning (Jaarsveld et al., 2010). Another difficulty in
the study of CPS is the diversity of the epistemological and methodological
approaches of CPS studies; from the neuroscience level to the socio-
cultural one, different levels of analysis are difficult to consider
simultaneously. While the cognitive neuroscience level advances in the
understanding of how our brains function in creative tasks (Beaty et al.,
2023; Daikoku et al., 2021), psychologists working on creativity develop a
diversity of approaches in which we can find studies at the cognitive level
(Berlin et al., 2023; Hao et al.,, 2021; Sternberg and Lubart, 2023), the
behavioral level (Nemiro et al., 2017), the small group level (Cassone et al.,
2021; Sarmiento and Stahl, 2008), and the organizational one (Selkrig and
Keamy, 2017). Researchers in the learning sciences more often do not
consider creativity at the (neuro)cognitive level; they focus on situated
learning tasks in ecological contexts (Savic, 2016). In this study, we consider
both the creative studies and the CPS studies in the learning sciences to
inform the experimental design for the study of CPS.

In educational settings, assessment is an important factor to
consider in the study of the learning processes. In this study, we analyze
the impact of assessment in creative problem-solving (CPS) in
educational settings. For this objective, we consider the assessment
impact on both creative performance and divergent thinking (DT).

The Four-Stage Model of Creative Problem-Solving, Engineering
Design, and Design Thinking (Besancon et al., 2015; Nazzal and
Kaufman, 2020; Runco, 2022) distinguishes problem recognition, idea
generation, idea evaluation, and solution validation in the CPS
process. In this study, we focus on idea generation, by evaluating the
DT components of fluidity, flexibility, and originality (Guilford, 1967).
The creative margin for idea generation and the corresponding DT
scores can be influenced by the level of uncertainty of the task. When
a CPS task is performed several times, the degree of uncertainty is
reduced, and we can expect a consequent reduction of the DT scores
but also the CPS time-on-task. The meta-review of Pack et al. (2021)
shows an inverted J-shaped relationship between time-on-task and
DT performance based on 22 studies, in which the DT performance
increases with more time but at some point, the growth slows down.

Creativity and divergent thinking

Creativity is a complex human process that engages the participant
in generating novel and useful ideas and solutions in each situation. It
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comprises divergent thinking and convergent thinking processes
(Zhang et al, 2020). Divergent thinking (DT) concerns idea
generation, while convergent thinking (CT) focuses on the selection
of these ideas about the context of the activity (Wigert et al., 2022).

We consider the DT components of fluidity, flexibility, and
originality in DT defined by Guilford (1967) for the Alternate Uses
Task (AUT). These three components of DT are well accepted to
evaluate divergent thinking not only in AUT but also in other DT
tasks. DT is considered an important aspect in the evaluation of
creativity (Beaty et al., 2023; Runco and Acar, 2012). DT assessment
has been mostly developed through tasks in which the participants
should imagine solutions and use language to say their ideas or write
them. Silvia et al. (2008) revised different tasks for the assessment of
DT and observed that “in a typical verbal task, people are asked to
generate unusual uses for common objects (e.g., bricks, knives, and
newspapers), instances of common concepts (e.g., instances of things
are round, strong, or loud), consequences of hypothetical events (e.g.,
what would happen if people went blind, shrank to 12in. tall, or no
longer needed to sleep), or similarities between common concepts
(e.g., ways in which milk and meat are similar)” (p. 69). Divergent
thinking tasks (such as the AUT) analyze a subject’s capacity to
generate new ideas, mostly different uses of familiar objects. In these
tasks, fluidity, flexibility, and originality are evaluated. The fluidity
score refers to the total number of alternative uses found per object
although the flexibility score corresponds to the number of different
ideas. Finally, the originality score refers to the rareness of each
response compared to the total number of given responses by the
group or reference (Guilford, 1967).

In this study, we focus on DT processes to characterize in what
way negative emotions such as test anxiety can have an impact on idea
generation under assessment conditions. Test anxiety is a situation-
specific trait to appraise performance evaluative situations as
threatening and react with elevated state anxiety (Spielberger and
Vagg, 1995; Putwain et al., 2021; Endler and Kocovski, 2001).

Negative emotions and creative
performance

The situations of school assessment and exam-related threats
generated by achievement-focused situations are known to have a
negative influence on performance. Performance assessment
instructions can be a trigger of assessment stress and can generate
somatic reactions (stress response) to the threat to underperform
(Prokofieva et al., 2022). Depending on individual differences, students
can experience a decrease in performance on difficult/complex tasks
and manifest a particular behavioral pattern corresponding to the
increase of time spent on activity (Prokofieva et al., 2022). However,
together with some studies postulating that the impact of stress can
differ according to the value perception of the examination by a
student, some studies focusing on the influence of stressors on
creativity advance less negative results. Thus, the meta-research
examining the interaction of different stressors (mostly linked to
evaluative context or time pressure) and creativity states that this
impact is not always negative but can also have a curvelineated or even
positive relation (Byron and Khazanchi, 2011).

As performance-achievement situations are an integral part of
the educational process, it, therefore, seems to be especially
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relevant to study the influence of assessment instruction on
divergent aspects of creativity in problem-solving tasks.

Test anxiety and creativity

Considered as a negative academic emotion (Pekrun et al., 2007),
test anxiety (TA) is conceptualized as a multidimensional, complex
phenomenon comprising cognitive, behavioral, psychological
(affective) aspects (Cassady and Johnson, 2002; Putwain et al., 2021).
Most studies are unanimous concerning the negative influence of test
anxiety on school performance via processing deficits such as those
of working memory (Owens et al., 2008; Hadwin et al., 2005; von der
Embse and Witmer, 2014). The cognitive component of test anxiety
(worry) is shown to be a stronger negative predictor of impaired
performance than emotional one whereas social aspects can have
both negative and positive influence on performance (von der Embse
and Witmer, 2014). Cognitive interference is produced by the
evaluative threat referring to the apprehension of a poor performance
in achievement situations. The feeling of this threat produces an
attentional focus bias toward task-irrelevant thoughts, and this drains
cognitive resources needed for the efficient accomplishment of a task
or resolution of a problem.

This is particularly significant as the capacity to generate new
ideas is predominant in creative performance. Furthermore, the
results of a meta-analysis (Byron and Khazanchi, 2011) show that
anxiety is significantly and negatively related to creative performance,
even if this influence can be moderated by different aspects such as,
for example, the type of a task (verbal or figurate) or a type of anxiety
(state or trait).

Last century research was highly interested in exploring the
relationship between negative emotions such as stress or test anxiety
and performance in general and, especially, creative performance
(Krop et al., 1969; Baer, 1998; Amabile et al., 1990; Landon and
Suedfeld, 1972). Most studies found a hindrance effect of TA on
creativity especially on its diverging components (Krop et al., 1969;
Vidler and Karan, 1975). TA is known to reduce cognitive resources
available for creative problem-solving. This, in its turn, results in the
usage of simpler cognitive strategies requiring a narrow attentional
focus (Eysenck et al., 2007). TA is also reported to impact associative
memory which is important for creativity (Madan et al.,, 2017;
Roozendaal et al.,, 2009; Tejeda and O'Donnell, 2014; Williams
et al., 2001).

The mediating role of TA in the relationship between a stressor
(assessment instruction) and creative performance advanced by the
research (Byron et al, 2010) will be examined in this study.
We hypothesize that under assessment instructions, the learners with
high test anxiety will show poorer creative performance and
DT scores.

Present study

The aim of this study was to examine whether assessment
instruction can modify creativity performance in a CPS task in terms
of three components of divergent thinking. It also investigated
whether TA correlates with the aspects of DT. Gender difference and
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age covariance were considered in all interactions. The following
hypotheses were examined:

- H1. CPS time-on-task is expected to be lower in the second
occurrence (A2) than in the first activity (A1).

- H2. Assessment instruction decreases DT scores (fluidity,
flexibility, and originality).

- H3. Test anxiety (TA) predicts lower DT scores (fluidity,
flexibility, and originality).

Materials and methods
Participants

The sample was drawn from a public secondary school situated
in the urban zone of Nice, France. A total of 122 students (aged from
11 to 15 years old) participated in the study. The mean age of
participants was 12.42 years (SD =0.96). The study was approved by
the research ethics committee of Université X (n°Y). Written consent
was sought from all students participating in the study.

Materials

Divergent thinking components

In this study we proposed an ill-defined CPS task named
CreaCube to engage participants to evaluate their DT score. In this
task, DT is evaluated through its three main components (fluency,
flexibility, and originality), based on the adaptation of the AUT. The
task engages the participants in CPS with modular robotics (Leroy
etal,, 2021). In this task, the participants are invited to build a vehicle
from four different robotic cubes. This ill-defined CPS requires the
participant to explore the material and build different configurations
to understand the specific behavior of each robotic cube. The
participant should assemble the four modular robotic cubes into a
vehicle that moves from a starting point to a finishing point. Instead
of asking the participants to imagine an unusual alternative use for
familiar objects, as in the AUT (Guilford, 1967), the CreaCube task
invites the participant to create a familiar object (a vehicle) using four
novel, unfamiliar, objects: the robotic cubes. In the CreaCube task,
we operationalize the assessment of creativity based on the three
main components of DT: fluidity, flexibility, and originality (Guilford,
1967). Fluency is operationalized as the total number of different
configurations, flexibility as configurations with different shapes, and
originality as the configurations created by less than 5% of the
participants (Leroy et al., 2021).

Test anxiety measure

Test anxiety was measured using the 16-item French version
(Fenouillet et al., 2023) of the self-reported Multiple Test Anxiety
Scale (MTAS) (Putwain et al., 2021). Two cognitive aspects: worry
(e.g., “Before a test/examination, I am worried I will fail”) and
cognitive interference (e.g., “During tests/examinations, I forget things
that I have learnt”), and two affective-physiological items, namely,
tension (e.g., “Even when I have prepared for a test/examination, I feel
nervous about it”) and physiological indicators (e.g., “My heart races
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when I take a test/examination”), were measured. Each subscale
comprises four items. Participants were asked to respond on a five-
point scale (1 for “strongly disagree,” 3 for neither, 5 for strongly
agree), with a higher score representing greater TA.

Creative problem-solving task

The CreaCube task is a creative problem-solving task engaging the
participant in exploring and assembling four modular robotic Cubelets
(Schweikardt, 2010). The configurations of the task can be analyzed to
operationalize the DT component scores. The CreaCube activity was
proposed twice to answer our first hypothesis (H1) about uncertainty
reduction in the second task. Participants completed activity A1 under
assessed or non-assessed conditions depending on group attribution
(control or experimental). The second task (A2) has the same
instruction, but we expected the A1 experience to lessen ambiguity.
We also observed in A2 if the participant searches for a new solution
(a cube configuration that has never been tried) or keeps the answer
from A1l and reproduces the same efficient cube configuration.

Procedure

The experimenters explained to the students that there was no link
between the activities they were going to realize and mathematics class
content in order not to bias the results of the study with the math
anxiety variable. Self-reported data were collected (MTAS), and the CPS
tasks were developed during the mathematics classes in the school.
Answering paper and pencil questionnaires took approximately 5-7 min.

Students were randomly split into two subgroups: an experimental
group (N=61) to solve the CreaCube task under assessment
instruction and a controlled group (N=61) proceeding the task under
non-assessment. Every group was gender-randomized. During
classes, the participants were extracted by two (one for each
experimental condition) and were asked to come to a specially
equipped room. The participants of the “assessment” group condition
listened to the instruction indicating that their performance on task
would be assessed. The control group’s participants were engaged in
the regular CreaCube instruction (without any assessment instruction).

Participants were told that only their hands would be recorded by a
static camera situated in front of them. Each participant signed an
individual consent form. The videos were temporarily registered on
iPads and then transferred to the CreaCube Learning Analytics platform
via iCloud where it was stocked and the video were analyzed to code
each configuration of the cubes to obtain the DT scores.

Results

The inter-subject protocol under two assessment condition
analyses (assessed-non-assessed) and intra-subject protocol for the
time-on-task spent on Activity 1 (A1) and Activity 2 (A2) were used.
The G*Power procedure was applied to assess the size of the sample
(Faul et al., 2009). Power analysis was done on the two groups
(assessed/non-assessed) in the two occurrences of the task (Al and
A2). With a power of 95%, an alpha of 0.05 (@ =5%), and an effect size
of.25, the necessary sample size is 52. Our sample (N =122) was more
than double the required minimum sample size.

Asitcan be seen in Table 1, the data for fluency (Flue), flexibility (Flex),
and originality (Orig) in Al and A2 presented an abnormal distribution
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TABLE 1 Descriptive statistics on DT score and MTAS dimensions: W
(worry), Cl (cognitive interference), TS (tension), and PI (physical
indicator) in A1 and A2.

‘ Mean ‘ Median Skewness = Kurtosis

AW 13.86 15 4.69 —0.48 —0.89
ACI 11.83 12 4.37 -0.10 —-0.92
ATS 12.13 125 4.84 —0.15 -1.05
API 8.95 8 4.59 0.69 —0.54
Al Flu 2.67 2 225 2.52 8.43
Al Flex 221 2 1.65 222 6.92
Al Orig 0.63 0 0.99 2.05 52

Al (s) 229.58 161.5 179.98 2.25 5.99
A2 (s) 95.33 75.5 76.25 2.67 8.93
A2 Flu 1.37 1 0.94 2.97 9.32
A2 Flex 1.29 1 0.74 2.79 8.34
A2 Orig 0.26 0 0.6 2.62 7.26

AW, Anxiety worry; ACI, Anxiety cognitive interference; ATS, Anxiety tension; API, Anxiety
physiological indicators; Al Flu, Fluency in Activity 1; A1 Flex, Flexibility in Activity 1; A1

Orig, Originality in Activity 1; A1 (in s), Time in Acitivity 1; A2 (in s), Time in Acitivity 2; A2
Flu, Fluency in Activity 2; A2 Flex, Flexibility in Activity 2; A2 Orig, Originality in Activity 2.

(skewness and kurtosis are superior to 2). The inverse logarithmic
transformation was done, and as a result, skewness and kurtosis values
were closer to normality (2<) for all variables. The time-on-task for each
occurrence of the CreaCube CPA task (A1 and A2) was completed using
squaring. Statistical analysis was based on the transformed variables.

Time-on-task

The time-on-task was measured in seconds. The results permitted
to identify a significant activity order effect (F[1,120] =94.54, p <0.001,
1°p =0.44) that was found to be a meaningful time-on-task decrease on
the second occurrence of task A2 (M=95.33, SD=76.25) in comparison
with time-on-task on A1 (M =229.58, SD=179.98). However, there was
no interaction between time and assessment (F[1,120] =0.57, ns).

Fluency

Significant activity order effect was found (F[1,118]=53.54,
P <0.001, n°p =0.31) meaning that students show better performance
on fluency in A1 (M=2.67, SD=2.25) than in A2 (M=1.37,SD=0.94).

A nearly significant interaction effect between assessment condition
and activity order was found (F[1,118]=3.58, p=0.06, n°p=0.03)
(Figure 1), suggesting better fluency performance in A1 when students
are not assessed. However, post-hoc comparisons indicated that there
was no difference in fluency in A1 between assessed and non-assessed
conditions [t holm (118) = 1.84, ns] nor in A2 [t holm (118) = 0.81, ns].

Flexibility

Similarly to fluency performance (F[1,119]=40.15, p <0.001,
1’p=0.25), better flexibility was shown in Al (M=2.21, SD=1.65)
than in A2 (M=1.29, SD=0.74). Nevertheless, no interaction effect
was observed (F[1,119] =1.67, ns).
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FIGURE 1
Fluency performance in assessment—non-assessment conditions in AL and A2.
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Originality performance in assessment—non-assessment conditions in Al and A2.
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Originality

Originality performance was generally better (F[1,120]=16.04,
p=0.013,1%p=0.12) in A1 (M=0.63, SD=0.999) than in A2 (M=0.26,
SD=0.60), but a significant interaction effect between activity order and
assessment context was found (F[1,120]=6.35, p =0.013, n’p=0.05)
(Figure 2). The post-hoc results show that there was no difference in Al
between assessed and non-assessed conditions [ holm (120)=1.17, ns]
nor in A2 [t holm (120)=2.28, ns]. On the other hand, under
non-assessed conditions, there was a significant difference in originality
[tholm (120)=4.61, p<0.001] between A1 (M=0.79,SD=1.18) and A2
(M=0.15, SD=0.44). Originality stayed stable under assessed
conditions, and there was no significant difference [t holm (120)=1.05,
ns] between A1 (M =0.48, SD=0.72) and A2 (M=0.38,SD=0.71).

Our third hypothesis expected test anxiety (TA) to predict lower
divergent thinking scores (DT) (fluidity, flexibility, and originality).
However, the results show no correlation between test anxiety and DT
scores (Table 2).

As shown in Table 2, there was no significant relationship
between fluency in A1 (Al Flu) and all aspects of test anxiety
(worry, r=-0.12, ns; cognitive interference, r = —0.13, ns; tension,
r =—0.15, ns; physical indicator, r =—0.07, ns). The absence of
correlation was observed also for flexibility and originality both
in Al and A2.

Discussion

This study focused on the analysis of divergent thinking (DT)
score on creative problem-solving (CPS) and their relation to
assessment instruction and test anxiety (TA). Two occurrences of a
robotic CPS task with the same goals were proposed to all students
during mathematics class. Half of the group of secondary students was
asked to realize the CPS robotic task under assessment instruction,
and the other half did the same task without any assessment
instruction. Students’ test anxiety was measured using the MTAS
instrument (Putwain et al., 2021; Fenouillet et al., 2023).

10.3389/feduc.2024.1440248

The results show changes in creative behavior depending on the
order of activity. In accordance with our hypothesis (H1), the
students spent less time-on-task in the second occurrence (A2) than
in the first occurrence (A1). The decrease of time-on-task in A2 can
be explained by a certain learning effect as in A2 the students were
familiar with the task and the CPS instruction to achieve the task
goal. This familiarity could lead to a lower uncertainty in the CPS
task (Runco, 2022), which enabled the participants to solve the task
quicker. Moreover, better creativity performance was shown in Al
than in A2. It suggests that the students did not use A2 for exploring
different ways to solve the CPS task but preferred to replicate what
they had found already in Al. The reduction of uncertainty in A2
compromised the new idea generation and permitted the students
to reuse existing solutions, for achieving the goal quicker. This can
be discussed as a by default tendency, to engage in a temporal
performance rather than engaging in a creativity performance which
could require more time-on-task engagement. We can observe a
tension between a creative behavior that requires more time-on-task
and a temporal performance-oriented behavior in which the DT
scores are reduced by reusing an existing solution. The temporal
performance-achievement behavior seemed to produce also a nearly
significant negative effect of assessment on fluency;, flexibility, and
originality performance in the first occurrence (A1) for an assessed
group, compared to the group of participants engaged in the
non-assessment (H2). Originally, we expected that the negative
effect of assessment would be related to test anxiety (H3). However,
the interesting finding of this study refers to the absence of any
correlation between test anxiety and creativity contrary to other
studies (Runco, 2003; Byron and Khazanchi, 2011). The lack of
correlation may indicate, among other possible explanations, that
the source of pressure was a potential association of assessment with
temporal performance rather than a threat of evaluation. Indeed
traditional education values temporal performance and time
optimization instead of the creative behavior requiring more time.
Being assessed is perceived by the participants as a temporal pressure
and is self-induced in the assessment condition despite the lack of
assessment of the duration of the task. This explanation can

TABLE 2 Correlations (rho Spearman’s) between creativity indicators (Flue: fluency, Flex: flexibility, O: originality) and aspects of MTAS.

1 P 3 4 5 6 V 8 9 10 11
1-AW —
2-ACI 0.46 % —
3-ATS 0.75%*% 0.46%+* —
4-API 0.56%* 0.50%** 0.697%# —
5-A1 Flu 0.12 0.13 0.15 0.07 —
6-Al Flex —0.04 0.02 —0.06 —0.15 0.14 —
7-Al Orig 0.07 0.09 0.08 0.01 0.37%%% -0.07 —
8-Al (s) 0.00 0.06 0.05 —0.05 0.38%#* —-0.07 0.93%#%#% —
9-A2 (s) —0.02 0.09 0.09 0.08 0.32%%% —0.04 0.73%%% 0.78%#%% —
10-A2 Flu —0.04 0.09 —0.02 0.00 —0.12 0.45%%#%* -0.13 —0.08 —0.07 —
11-A2 Flex 0.00 0.08 —0.01 0.04 —0.11 0.43%%%* -0.13 —0.10 —0.08 0.94%%* —
12-A2 Orig —0.08 0.11 0.04 0.08 0.00 0.29%%%* 0.00 0.03 0.15 0.56%%* 0.61%%%

AW, Anxiety worry; ACI, Anxiety cognitive interference; ATS, Anxiety tension; API, Anxiety physiological indicators; A1 Flu, Fluency in Activity 1; Al Flex, Flexibility in Activity 1; A1 Orig,
Originality in Activityl; A1, Time on Activity 1; A2, Time on Activity 2; A2 Flu, Fluency in Activity 2; A2 Flex, Flexibility in Activity 2; A2 Orig, Originality in Activity 2. *** p<.001.
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be supported by the fact that the assessment-on-performance effect
disappears in A2 suggesting a certain atomization of the task.

The significant decrease in performance on the originality score of
DT under non-assessment instruction in A2 is another interesting result.
The participants who are not under the assessment constraint do not
engage in the effort of trying very different ideas, while participants in
the assessment condition stay engaged in generating original
configurations. This maintenance of engagement under assessment can
be explained by the physiological arousal induced by assessment and
increased students’ extrinsic motivation. Moreover, these findings
provide support for the studies on creativity assessment, suggesting that
under certain conditions, being evaluated can be experienced as a
motivating challenge and can stimulate creativity performance (Bullock
Muir et al., 2024; Byron et al., 2010; Blascovich and Mendes 2010).
Contrary to Al, the assessment in A2 might have been perceived by the
students as a milder pressure because of the repetition of the instruction
and the same activity task. However, it is important to emphasize that
although students may feel motivated to continue solving creative
problems, their creative performance does not improve under assessment.

As it was mentioned before the absence of any correlation between
test anxiety and creativity is an unexpected finding in this study. Although
the literature is rather unanimous on the impairing effect of TA on
creativity (Runco, 2003; Byron et al., 2010 for meta-analysis; Krop et al.,
1969; Baer, 1998; Amabile et al., 1990; Landon and Suedfeld, 1972), our
results are inconsistent with this hypothesis. Several explanations can
justify these results. First, the playful perception of the manipulative
modular robotic task might have attenuated the assessment threat and
decreased the significance of a negative effect of assessment pressure on
performance. Moreover, despite some studies postulating that the anxiety-
creative performance relationship depends on exposure to a stressor
(Byron and Khazanchi, 2011), the playful nature of this interactive and
manipulative task moderated test anxiety even in the students exposed to
a stressor (assessment instruction). Furthermore, a near-zero effect of test
anxiety on creative performance can be explained also by the nature of the
task. According to Byron and Khazanchi (2011), the impairing effect of
anxiety is higher on verbal tasks and lesser on figural tasks. This proves to
be true in our study as the CreaCube can be considered a figural task.
However, our findings do not endorse the assertion that anxiety can
increase creative performance on motor tasks (Weinberg, 1990).

In addition, no age or gender differences were observed in the
study neither on DT aspects of creativity nor on behavior patterns.
It suggests that, contrary to the studies on gender differences in test
anxiety reporting that girls are more sensitive to assessment-focused
threats than boys (Putwain and Daly, 2014), this seems not to be true
in the situation of creative playful problem-solving activities.

Conclusion and implications

The results of this study show the importance of assessment
instructions in the perception of the students especially related to
temporal performance and DT scores. The playfulness of the task
appears to reduce the negative impact of TA and proves to be a
powerful tool to engage learners in assessment activities without
hampering their performance. Furthermore, the impact of assessment
on creative performance may be brought down if time constraints are
minimized. Educators can develop the way they introduce and
communicate the assessment instructions through playful tasks to
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reduce test anxiety and avoid the hindering aspects of this type of
anxiety on task performance, especially in CPS tasks. Moreover,
introducing playful creative problem-solving tasks can help to
moderate some types of anxiety (e.g., linked to problem-solving) in
mathematics classes.

To better understand the impact of the assessment condition in
CPS tasks, we can consider that in a further study, a self-report scale
measuring task-focused positive emotions can be added to the
protocol. It will make it possible to see if positive emotions generated
by the playful robotic task (joy, curiosity, and interest) can reduce test
anxiety and enhance creative performance. Curiosity induced by novel
material to play with has been discussed as a powerful engagement
factor (Oudeyer et al., 2016). However, even if students seem not to
relate playful tasks with classical academic assessment, the instructors
and educators must moderate the use of assessment instructions as
this can hamper originality and performance in general.
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