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ABSTRACT

The present study aimed to explore the cognitive mechanics in Al-based
games and heuristically evaluate their impact on the components of creativity
(fluency, originality, flexibility, and elaboration) in children. The theoretical
foundations of the tresearch distinguish between two main approaches:
explicit and implicit programming. The implicit approach, through forming
a core intelligence and learning from data, enables the modeling of
combinatorial creativity and dynamic adaptability—a capability absent in
explicit systems based on predetermined rules. This study employed a mixed-
methods design (qualitative-quantitative) with a single-group quasi-
experimental plan (pretest-posttest). In the qualitative phase, through a
systematic review of six selected games based on adaptive and generative
algorithms, key mechanics such as "interactive co-creation" and "dynamic
challenge adaptation" were extracted and categorized into four main design
strategies. In the quantitative phase, twelve children aged 4 to 7 in Tehran
were purposively selected and participated in a four-week intervention
period (three 45-minute sessions per week). The data collection instrument
was the figural version of the Torrance Tests of Creative Thinking, Form A,
with an inter-rater reliability of 0.87. The quantitative findings showed that
the mean total creativity score increased from 85.50 (SD = 5.20) to 112.40
(SD = 6.10) (t(11) = 21.42, p < 0.0001), with a large effect size (d = 1.19).
Given the exploratory nature, the absence of a control group, and the limited
sample size, these findings are considered only an early indication of the
potential of intelligent games to facilitate creativity. The qualitative analysis
also revealed that artificial intelligence, by providing a platform for "safe trial
and errot" and acting as an interactive "co-creator," can function as a
cognitive facilitator.
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Introduction

In the present era, the integration of advanced technologies into the field of
education has transformed traditional learning paradigms. Computer games,
once considered mere tools for entertainment, have now, through the use of
artificial intelligence, evolved into dynamic and adaptive environments for
cognitive development (Haenlein & Kaplan, 2019). The fundamental distinction
between this new generation of games and their rule-based counterparts lies not
in visual or narrative appeal, but in the “intelligent agents” at their beating heart.
These agents, by analyzing the player’s behavioral data in real time, create a
dynamic feedback loop that deeply personalizes the learning experience.

Fostering creativity, as one of the most critical skills of the 21st century, has
consistently drawn the attention of educational researchers (Shahabzadeh &
Shahabzadeh, 1401). From the perspective of cognitive psychology, creativity is
not a static trait but a dynamic process of problem-solving and generating novel
ideas, encompassing components such as fluency, flexibility, originality, and
elaboration (Torrance, 1974). Vygotsky’s theory of the “Zone of Proximal
Development” (ZPD) reflects precisely this dynamic view: cognitive growth
occurs in a space where the child faces challenges beyond their current ability
but within reach with the assistance of a “more knowledgeable other” (Vygotsky,
1978). The intersection of these two theoretical frameworks lies in Al-based
games. An adaptive Al system plays precisely the role of the “enabling
collaborator” within the zone of proximal development: by analyzing the child’s
performance in real time, it adjusts the difficulty level so that the child is
consistently kept at the cutting edge of their ability. This state, which
Csikszentmihalyi (1990) termed “flow,” is an optimal psychological state in
which an individual becomes so immersed in a challenging and goal-directed
activity that they lose their sense of time and self, and this is precisely the ideal
context for experiencing the peak of creativity (Chen et al., 2021).

The existing research literature has addressed the potential harms of
computer games, including violent behaviors or social isolation (Hajipour &
Sadeghian, 1401; Schoeppe et al., 2017). However, a significant theoretical and
empirical gap exists: most studies have either focused on the entertainment and
pathological aspects of games, or have examined the relationship between “play”
and “creativity” in a general manner without technical differentiation. These
studies rarely answer the pivotal question: which specific AI mechanism
transforms a digital game from a trivial pastime into a “cognitive facilitator” for
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nurturing creativity? Put more clearly, we do not know whether the unique
features of artificial intelligence (such as “interactive co-creation” and “adaptive
teedback”) can purposefully stimulate the four components of creativity
(according to the Torrance model) or not. This theoretical void is a gap among
the three fields of “computer science,” “game design,” and “child cognitive
psychology” that the present research seeks to fill.

Accordingly, the central problem of this research is the systematic
investigation of the relationship between specific AI mechanics and the
cognitive processes of creativity in children. The present study was designed with
a dual objective: (1) the identification and structural analysis of Al-based
mechanics in common educational games and the extraction of design strategies
relevant to creativity, and (2) conducting a preliminary exploratory study for the
initial measurement of the impact of experiencing these games on children’s
creativity scores.

Research Question(s)

1. What Al-based mechanics and design strategies exist in contemporary
educational games that can potentially stimulate the components of
creativity?

2. Can a controlled intervention period with selected Al-based games lead to

statistically significant changes in the total creativity scores of children aged
4to7?

Literature Review

Artificial intelligence is among the emerging sciences that refers to the body of
knowledge surrounding the intelligentization of machines (Patel & Kore, 2020
Haenlein & Kaplan, 2019). This science divides a system's awareness into
different phases, and to understand games based on it, the methods of applying
this awareness must first be examined. These methods are divided into two
forms: explicit (command-line) and implicit (data-driven) (Kharkovyna, 2019).
In the explicit model, the programmer states all the problem states before their
occurrence, and the system produces a proportionate output (Wilkening, 2019).
For example, in a computer game, a system opponent performs a proportionate
action, such as shooting or jumping, in response to the uset's move. However,
this model is complex, and the programmer must periodically fix bugs to achieve
a stable product (Beaumont et al., 2021). For this reason, companies provide the
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game to a testing team before release (Arnab et al., 2019). Despite its problems,
this type of programming holds the largest market share, and major companies
still develop the core of games explicitly due to its high speed and simplicity in
applying rules (Laakso et al, 2021). Nevertheless, the growth of implicit
programming has shown that in the near future, the game market will move
towards games based on implicit artificial intelligence (Du-Harpur et al., 2020).

Implicit programming, instead of providing direct commands, forms a core
intelligence and strengthens it with data (Gallego-Duran et al., 2019), exactly like
human learning, which identifies connections between phenomena through
experience and acquired information (Hacker, 2021). In this method, the
appropriate Al core is first selected according to the topic and then learns with
datasets (Wang et al., 2020). In this way, modeling and implementing concepts
of human creativity in the game process and teaching it becomes easily possible.
The nature of this machine creativity is predominantly "combinatorial
creativity," meaning that systems create new works by combining pre-existing
data, whereas human creativity can be "transformational creativity" and
transcend existing reference frameworks (Latifzadeh, 1403). This fundamental
difference has significant legal consequences in the field of ownership of
produced works and has confronted legal systems with the challenge of defining
specific intellectual property rights (Sui Generis) and the possibility of granting
limited electronic personhood to artificial intelligence (Latifzadeh, 1403). The
important point is that, similar to a human, the Al core also matures with more
data and simulates more advanced levels of creativity. Given the abundance of
databases, this maturation is not far-fetched (Johnson, 2019).

Educational video games are an excellent tool for teaching, creating
motivation, and providing an opportunity for the development of brain
capabilities in children. The intelligentization of these games provides a path for
learning and the flourishing of targeted creativity. Research on the cognitive
effects of digital games, especially games based on open and construction
environments, has shown that these environments have a high capacity for
experiential learning. Lee et al. (2024) and Slattery et al. (2021) addressed the
constructivist nature of these games, and the results indicate that their open,
creative, and problem-oriented environment leads to deeper cognitive
engagement and increased intrinsic motivation, especially when activities are
designed as group work and based on collaborative learning (Andersen &
Rustad, 2022; Lee et al., 2024; Slattery et al., 2021).
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The three-dimensional and construction-based nature of these games has
turned them into a tool for studying spatial processing skills. The player must
constantly mentally visualize shapes, rotate them, plan complex designs, and
retrieve their position on the mental map. These goal-directed interactions
strengthen key components of spatial processing, including visuospatial
memory, mental rotation, depth perception, and structural integration (Andrus
et al., 2020). In the domain of executive functions, Smith and Basak (2023) also
showed that continuous engagement in these environments activates and
improves memory and planning processes. The findings of Becker et al. (2024)
also indicate that three-dimensional games, by increasing connectivity in the
right prefrontal and parietal brain networks, enhance sustained attention and
more effective decision-making (Becker et al., 2024; Smith & Basak, 2023). At
the individual level, Tangkui and Keong (2023) showed that by creating
challenging and self-directed situations, these games lead to the growth of
learners' cognitive self-regulation and self-efficacy (Tangkui & Keong, 2023).
Opverall, the literature review indicates that intelligent digital games provide an
efficient platform for the interaction between play, cognition, and learning.
Wang et al. also found that 65% of male and 57% of female students play video
games for 1 to 6 hours per week, and 39% of men and 16% of women play for
1 to 2 hours. Under these circumstances, using computer games as a tool for
fostering creativity and applied education is receiving attention.

Furthermore, given the importance of teacher-student relationships in
increasing self-esteem and learning motivation, establishing a balance between
technology and pedagogy and designing Al-based educational games to provide
effective communication and an educational assistant has become increasingly
important. The World Economic Forum in 2025 also drew attention to the
design of intelligent games and toys to maximize learning opportunities and
minimize risks associated with children.

In the following, with a look at Al-based games in the past and present, their
effectiveness on the development of children's creativity is evaluated. There are
two major differences between these games and the previous generation: first,
previous-generation games only had predictable reactions based on explicit rules,
which reduced their appeal (Kharkovyna, 2019). For example, in a buying and
selling game, the child quickly masters the fixed environment through trial and
error, but if the game becomes intelligent based on real data, the behavior of the
agents will reflect the unpredictability of real transactions. In explicit
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programming, creating random behavior is done merely with a function, which
is often unrealistic and leads to incorrect learning (Romero & Kalmpourtzis,
2020). Second, implicit intelligentization adjusts its level to the user (Neves &
Zagalo, 2021). In traditional games, a fixed difficulty level can be boring for an
expert user and difficult for a beginner, and this is the primary reason for the
failure of many children's cognitive games. Whereas, in data-driven games, the
system assesses the difficulty level according to the uset's performance and
increases the level with their progress without the child noticing (Kleiner, 2003).
Such flexibility previously required defining countless states and posed a serious
challenge to development (Kalmpourtzis, 2019).

In summary, these factors range from graphical details to the behavior of
automated characters, providing a realistic and pleasant environment for
teaching and improving creativity, speed, and accuracy. From an educational
perspective, children's creativity includes four components: fluency, flexibility,
originality, and elaboration. Designing Al-based games with strategies such as
interactive co-creation eliminates the fear of failure and strengthens creative self-
confidence by removing the judgmental role. This technology acts as a "coach"
or "facilitator," providing immediate and personalized feedback.

Methodology

This research was conducted with a mixed-methods approach in two
consecutive phases. The first phase was a qualitative systematic review to identify
and analyze games, and the second phase was an exploratory field study with a
single-group design, implemented solely for the purpose of initial evaluation and
feasibility, not for testing a causal hypothesis. This separation is necessary in
response to the inherent limitations of the design, which are elaborated on
below.

Phase One: Systematic Review and Qualitative Analysis of Games

In this phase, a rigorous systematic search protocol was developed and
implemented to identify Al-based games related to children's creativity. The
search was conducted using logical operators on the three main axes of the
research: "artificial intelligence," "game," and "creativity." The search strategy
for each database was individually configured by combining specialized
synonyms (with the OR operator within each axis and AND between axes).
Persian and English keywords such as "Artificial Intelligence," "Video Games,"
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"Serious Games," and "Creativity" were searched for in the title, abstract, and
keywords of articles.

The search was carried out in four reputable citation databases, including
Science Direct, Google Scholar, IEEE Xplore, and SID, focusing on articles
published within the last five years. To ensure maximum coverage, a manual
search of the reference lists of key articles was also performed. Given the
emerging and interdisciplinary nature of the topic, the Scoping Review method
was used for source selection to cover both research articles and technical
reports from educational game developers. Sources were screened based on
precise inclusion and exclusion criteria in two stages: first, the titles and abstracts,
and then the full text of the articles. Two researchers independently performed
this process, and a Kappa agreement coefficient of 0.89 was calculated between
them. Cases of disagreement were resolved through discussion and consensus.

The inclusion criteria were: core technology relevance (explicit use of Al
algorithms such as machine learning, computer vision, or neural networks as the
game's main mechanic), target population (children and adolescents under 18),
dependent variable (addressing cognitive components, especially creativity,
problem-solving, or divergent thinking), document type (original research
articles, papers from reputable technical conferences, reports from educational
game developers), and language (Persian and English sources). The exclusion
criteria included games lacking Al (linear games without learning capability) ,
lack of relevance to creativity (sole focus on entertainment or violence aspects),
unrelated target population (studies on adults or the elderly) , and non-scientific
sources. Finally, six final games were selected from the search results based on
precise criteria including explicit use of an Al algorithm (such as machine
learning, computer vision, neural network), educational or developmental goal,
suitability for the under-10 age group, and public accessibility. Each game was
experienced and analyzed by two independent researchers for at least 5 hours.
Game mechanics, type of Al algorithm, and interactive dynamics were extracted
and categorized in the form of a matrix.

Phase Two: Exploratory Field Study (Limitations and Methodological
Considerations)

The quantitative phase was designed with a purely exploratory aim. Here, prior
to describing the implementation method, it is necessary to acknowledge three
fundamental limitations of this phase, which are required by its pilot and
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exploratory nature. These limitations are: (1) limited statistical power due to the
small sample size, (2) the absence of a control group, which prevents separating
the intervention's effect from natural development or practice effects, and (3)
the wide age range, which encompasses developmental differences. This phase
is designed not to prove a causal relationship, but solely to examine the feasibility
of implementing such an intervention and to observe initial patterns in creativity
scores.

With this introduction, the quantitative phase was executed exploratorily
using a single-group quasi-experimental pretest-posttest design. The statistical
population consisted of children aged 4 to 7 in Tehran. Considering the
exploratory and preliminary nature of the research, as well as the complex ethical
considerations in working with children, a purposive and convenience sampling
method was used. The final sample included 12 children (6 gitls and 6 boys) who
had no history of regular play with smart consoles. Although this sample size is
entirely insufficient for testing causal hypotheses and generalizing to a larger
population (and this is the most significant limitation of this phase), it was
assessed as suitable for a pilot study aimed at the initial identification of the
potential of game mechanics. In fact, the findings of this study are not intended
to be generalized to the population of children, but rather the goal is to generate
hypotheses for future studies.

For statistical analyses, to relatively control for the developmental differences
of 4-year-old and 7-year-old children, the approach of analyzing "within-
individual changes" was adopted. This means the main analysis (paired t-test)
was calculated not based on raw scotes, but based on the difference between
each child's pretest and posttest score trelative to themselves. In other words,
each child acted as their own control. However, this method cannot completely
neutralize the effect of natural development in this age range, which itself leads
to an increase in creativity, and this issue must be considered in the limitations
and interpretation of the results.

Prior to the start of the intervention, written informed consent was obtained
from the parents, and the research objectives and the safety of the game content
were explained to them. The research instrument was the Torrance Figural
Creativity Test (Form A), chosen due to its non-verbal nature and suitability for
the participants' age. To manage the challenge of administering this test in the 4
to 7 age range, the test was administered individually in a calm, distraction-free
environment for each child. Trained assessors used the standard age-specific
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instructions of the Torrance test for encouragement and guidance, and the
response time was adjusted according to the attention capacity of each age
group. This test measures the four components of creativity—fluency,
originality, flexibility, and elaboration—through the completion of incomplete
drawings. The inter-rater reliability was calculated with the participation of two
trained independent assessors on 30 percent of the tests using the intraclass
correlation method, yielding a value of 0.87, indicating satisfactory reliability.

Session-by-Session Implementation of the Intervention

After the pretest, the children entered a 4-week intervention period (three 45-
minute sessions per week, totaling 12 sessions). All sessions were held in a quiet
playroom, free of distracting stimuli, under the supervision of a trained
instructor. The session plan was designed as follows:

Session One (Introduction and Familiarization): This session was dedicated
to building a positive relationship between the instructor and the children and
familiarizing them with the environment and equipment. Without providing
specific instructions, the instructor encouraged the children to freely explore the
game environment. The goal was to reduce potential anxiety and create initial
motivation.

Week One (Sessions 2 to 4) - Free Exploration and Basic Experience: During
this week, each child was individually introduced to the tablet equipped with the
selected games. The instructor provided minimal guidance and was mostly an
observer so that the children could discover the basic mechanics of the games
without pressure. Each session consisted of 30 minutes of free play and 15
minutes of rest and informal conversation about the child's expetience.

Week Two (Sessions 5 to 7) - Structured Games Focusing on Co-creation:
During this week, the two games "Let's Colot" and "Quick, Draw! " wete
provided to the children on a rotating basis. This time, the instructor had a more
active facilitation role and encouraged the children to expand their creative ideas
with the help of artificial intelligence. At the end of each session, the children
shared their produced works.

Week Three (Sessions 8 to 10) - Structured Games Focusing on Adaptability
and Problem Solving: During this week, the games "Smartick" and "Code
Monkey" were central. The instructor challenged the children to try higher
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difficulty levels and find alternative strategies when facing failure. The emphasis
was on the trial-and-error process and enjoying learning.

Week Four (Sessions 11 and 12) - Consolidation and Combined Games: In
the final two sessions, children were free to choose their favorite games from
among all six games and play them in combination. Reviewing the 4-week
experience, the instructor encouraged the children to provide final feedback.

The order of presenting the games in each session was randomly rotated to
neutralize order effects. One week after the end of the last session, the posttest
was administered using the same Torrance test. Quantitative data were analyzed
using descriptive statistics (mean and standard deviation) and inferential statistics
(paired t-test) to compare scores before and after the intervention. Prior to
performing the t-test, the normality of the score difference distribution was
confirmed with the Shapiro-Wilk test (p > 0.05). To determine the magnitude
of changes, the effect size was calculated.

Results
The results of the analysis of the six selected games are presented in Table 1.
From this analysis, four main design strategies were extracted:

Interactive Co-creation: Artificial intelligence in the role of a creative partner.

Challenge Adaptability: Dynamic adjustment of the difficulty level within the
zone of proximal development.

Immediate and Non-Judgmental Feedback: Accelerating the trial-and-error
learning cycle.

Digital-Physical Bridging: Extending creativity to the real world.

Table 1.

Analysis of the Technical and Mechanical Features of Selected AI-Based Games
Game Name Al Core Smart Service/Feedback Game Mechanics &
Dynamics

Quick, Draw! Neural Networks Real-time recognition of Mechanic: 20-second
drawn lines and guessing time limit for drawing.
the final image. Dynamic: Creating

instant tension/
excitement; encouraging
simplification and
abstract viewing.
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Game Name Al Cote Smart Service/Feedback Game Mechanics &
Dynamics
LEGO Builder Computer Vision Scanning a pile of LEGO  Mechanic: Augmented
pieces and suggesting Reality scan and step-by-
buildable models with step instructions.
available parts. Dynamic:  Discovering
hidden  potential in
existing objects.
CodeMonkey  Recurrent Neural Analyzing wuser code, Mechanic: Solving
Networks identifying logical errors, puzzles by  writing
and intelligently commands.  Dynamic:
completing code lines. Learning through trial
and error in a safe
environment.
Smartick Reinforcement Adjusting question  Mechanic: Instant
Learning difficulty based on the rewards and  short
child's previous speed exercises. Dynamic:
and accuracy Maintaining the player in
(adaptability). a 'flow' state.
Emoji Object Detection  Confirming the match Mechanic: Physical
Scavenger between a real-world search with time limit.
Hunt object and the requested Dynamic: Physical
emoji via phone camera. ~ mobility and interaction
with the real
environment.
PaintsChainer  Generative Transforming simple line  Mechanic: Uploading a
Adversarial drawings into full-color design and choosing a
Networks images with texture and coloring style. Dynamic:
(GANs) shading. Human-machine

collaboration (Co-
Creation) in creating an
artwork.

Before presenting the results, it is crucial to note that given the small sample size
(n=12) and the lack of control for natural maturation, the figures presented

merely illustrate initial trends and should be interpreted with caution.

Table 2.
Descriptive Indicators of Creativi

Test Phase

Pre-test
Post-test

Mean
85.50
112.40

Std. Deviation

5.20
6.10

78
104

Scores in Pre-test and Post-test (n=12)
Minimum Score

Maximum Score
92
120
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A descriptive analysis of the data reveals a notable increase in all creativity
indicators after the intervention period. The total mean creativity score increased
from 85.50 in the pre-test to 112.40 in the post-test, indicating a growth of 26.90
points. This increase was observed almost uniformly across the entire score
range; the minimum score rose from 78 to 104 (a 26-point increase), and the
maximum score rose from 92 to 120 (a 28-point increase). This consistency in
the growth of the lowest and highest scores suggests that the intervention had a
relatively uniform effect, regardless of the children's baseline creativity levels.
Additionally, the standard deviation increased from 5.20 to 6.10, indicating a
slight increase in score dispersion at the post-test, which could be attributed to
individual differences in response to the intervention.

Table 3.
Results of Paired t-test and Effect Size for Compating Creativity Scores

Indicator Mean Std. Deviation t- df Significance

Difference Difference statistic D
Pre-test —  -26.90 4.35 -21.42 11 0.0001
Post-test

The results of the paired t-test (Table 3) indicate a statistically significant
difference between pre-test and post-test scores (p < 0.001). The mean
difference (26.90) with a relatively low standard deviation of the difference (4.35)
suggests that the improvement in scores occurred with relatively similar intensity
in most children. The high t-statistic (21.42) confirms that the observed increase
was far greater than random fluctuations. However, given the lack of a control
group, this change cannot be definitively attributed to the intervention.

According to Cohen's (1988) benchmarks, values above 0.8 represent a large
effect size. Thus, the value of 1.19 falls within the "large" range. Nevertheless,
caution must be exercised in interpreting this figure: in single-group studies with
small samples, the effect size is inherently inflated due to the lack of control for
confounding variables (such as practice effects, natural maturation, and the halo
effect). This number does not necessarily represent the true effect size of the
intervention but merely indicates that the within-group changes exceeded the
variance of the differences. A more precise estimation of the effect size
necessitates a randomized controlled trial (RCT).
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This research aimed to qualitatively analyze AI mechanics in games and conduct
an exploratory evaluation of their impact on children's creativity. Although
quantitative findings showed a significant increase in creativity scores, this result,
given the design limitations and adjusted effect size, serves only as an initial
indication. The primary contribution lies in the qualitative analysis linking
specific AI mechanics to components of creativity. The nearly uniform score
growth suggests the multifaceted intervention allowed children with different
baseline abilities to each find a cognitive strength, though a slight increase in
variance indicates responses were not entirely uniform. Four hypothetical
pathways between Al mechanics and Torrance's creativity dimensions were
mapped. The "dynamic challenge adaptability" mechanic targets fluency and
flexibility by constantly maintaining the child in a state of flow within the zone
of proximal development, a process potentially supported by strengthened
executive functions and neural connectivity. The "interactive co-creation"
mechanic strengthens originality and elaboration by reducing fear of failure and
removing judgment, thereby fostering creative self-efficacy where failure
becomes material for recreation. The "immediate and non-judgmental feedback"
mechanic creates a safe trial-and-error loop, simultaneously supporting rapid
idea generation and the gradual completion of responses, transforming the child
into an active agent in their learning process. Finally, the "digital-physical
bridging" mechanic targets flexibility by teaching that a single physical object can
have multiple mental representations, acting as cognitive flexibility training.
Synthesizing these, the four strategies do not work in isolation but together form
a "creative learning ecosystem": adaptability is the foundation, co-creation the
engine of imagination, safe feedback its fuel, and the digital-physical bridge
expands the impact from screen to real world. This model portrays creativity as
a dynamic, multidimensional process facilitated by targeted technology, rather
than a static skill. Critically, these interpretations must be weighed against
significant limitations. The absence of a control group means natural maturation,
practice effects, or the halo effect cannot be ruled out. The small, purposive
sample severely limits generalizability, and the short intervention without long-
term follow-up may not reflect lasting change. Moreover, the links drawn
between mechanics and creativity components are theoretical hypotheses from
qualitative analysis and were not empirically tested in this study. Despite these
limitations, the study's core achievement is an analytical framework that
systematically connects technical AI mechanics with cognitive creativity
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processes, offering a roadmap for future research and the targeted design of
educational games.
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