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ABSTRACT

In this study, the impact of Al-based learning on problem-solving skills, critical
thinking, creativity, and identity in children aged 7 to 12 was examined. The
research was conducted using an experimental method with a quasi-experimental
design. The statistical population consisted of children aged 7 to 12 in elementary
schools within a specific region. Various data collection tools, including
standardized questionnaires, analytical tests, and semi-structured interviews, were
utilized. Additionally, an Al-based educational program was implemented for the
experimental group, while the control group received traditional educational
instruction. The results indicated that Al-based learning had a significant positive
effect on children's problem-solving skills, critical thinking, and creativity.
Moreover, children in the experimental group demonstrated a stronger sense of
identity compared to those in the control group. These findings suggest that Al-
based learning can lead to substantial improvements in these skills and identity
aspects in children. Based on the research findings, it is recommended that Al-
based educational programs be more widely integrated into schools and learning
environments to maximize their benefits.
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Extended Abstract

Introduction

Emerging artificial intelligence (Al) technologies, with their unique
capabilities in data analysis, pattern recognition, and intelligent
problem-solving, have brought about a profound transformation in
educational and developmental domains. These technologies have
created unprecedented opportunities to enhance learning processes and
promote children’s cognitive and social skills.

Childhood, particularly the ages of 7 to 12 years, is recognized as a
critical and highly sensitive period in the development of cognitive and
social competencies. Therefore, examining the impact of Al-based
learning on problem-solving skills, critical thinking, creativity, and
identity formation in this age group is of considerable importance.

Al-based learning has demonstrated significant potential in
strengthening children’s cognitive skills by providing interactive tools,
complex simulations, and immediate feedback. Numerous studies
indicate that Al-powered educational programs substantially improve
children’s problem-solving performance through the creation of
dynamic and engaging learning environments.

In the domain of critical thinking, Al supports the development of
this key skill by offering complex intellectual challenges and
facilitating the analysis of diverse data. Various studies have confirmed
that Al tools markedly enhance children’s critical thinking abilities via
interactive learning environments.

Creativity, as another skill influenced by this technology, is shaped
by the educational environment and interpersonal interactions.
Research suggests that Al strengthens creativity and innovation in
children by providing novel experiences and stimulating learning
environments.

Moreover, the effect of Al on children’s identity formation — a
dimension that has received relatively less scholarly attention — has
also been assessed positively. Purposeful implementation of this
technology, through constructive feedback and positive learning
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environments, can contribute to the development of a strong self-
concept and positive identity in children.

Overall, existing evidence points to the high potential of Al in
improving the cognitive and psychological development of children
aged 7 to 12 years. However, more comprehensive research is needed
to thoroughly investigate the various dimensions of these effects,
identify implementation challenges, and propose effective optimization
strategies.

Methodology

The methodology of this study, which examines the impact of artificial
intelligence (Al)-based learning on problem-solving skills, critical
thinking, creativity, and identity formation in children aged 7 to 12
years, requires a comprehensive and precise approach capable of
effectively collecting, analyzing, and interpreting relevant data. To
achieve this objective, a mixed-methods research design combining
quantitative and qualitative approaches was adopted. This design
provides a complete and multidimensional understanding of the effects
of Al on children’s cognitive and psychological skills.

In the first stage, the research design and sample selection were
conducted with careful attention. Sampling was performed using
random and stratified random techniques to minimize bias and
maximize the validity of the findings. Participants were recruited from
multiple schools and diverse socio-economic backgrounds to ensure a
representative sample of the 7- to 12-year-old child population.

Quantitative data were collected through standardized and validated
questionnaires specifically designed to measure problem-solving skills,
critical thinking, creativity, and identity. The validity and reliability of
these instruments were confirmed prior to their administration. In
addition, academic achievement tests and performance assessments
were employed to obtain a more precise evaluation of the impact of Al
on problem-solving skills.

In the subsequent stage, qualitative methods were implemented to
achieve a deeper understanding of the lived experiences of children and
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teachers. Semi-structured interviews and focus group discussions were
conducted to gather qualitative data on participants’ real-world
experiences with Al-based educational programs. These methods were
particularly effective in exploring the effects of Al on children’s
identity and self-concept. Content analysis of the interview transcripts
and textual data was subsequently carried out to identify recurring
patterns and deeper insights.

Quantitative data were analyzed using advanced statistical methods,
including analysis of variance (ANOVA), to examine the relationships
among variables and to determine both the direct and indirect effects of
Al-based learning on children’s cognitive and psychological skills.

Results
The research hypotheses were examined using univariate analysis of

variance and multivariate analysis of covariance (MANCOVA). These
statistical analyses precisely evaluated the impact of Al-based
educational programs on problem-solving skills, critical thinking,
creativity, and identity formation among children aged 7 to 12 years.

Descriptive statistics revealed that, in the experimental group, mean
post-test scores showed a statistically significant decrease across all
variables compared to pre-test scores (problem-solving: from 42.80 to
21.86; critical thinking: from 14.53 to 7.53; creativity: from 17.17 to
8.66; identity: from 11.26 to 5.66). In contrast, the control group
exhibited almost no change.

Multivariate analysis of covariance (MANCOVA) was conducted
using SPSS version 22. Prior to analysis, all statistical assumptions—
including normality of distribution, homogeneity of variances, and
homogeneity of regression slopes—were verified and satisfied. The
MANCOVA results indicated a significant overall difference between
the experimental and control groups on at least one of the dependent
variables.



Abtahi et al. |93

Subsequent univariate analyses of covariance (ANCOVA)
confirmed that Al-based learning exerted a statistically significant
effect on all four variables. The large effect sizes (n? ranging from 0.778
to 0.901) combined with a statistical power of 1.000 demonstrate a
strong and highly reliable impact of artificial intelligence on children’s
problem-solving skills, critical thinking, creativity, and identity
formation.

Discussion

The findings of this research provide compelling evidence for the
positive and significant effects of gamification on memory, academic
vitality, and the teaching-learning process among senior female
students. These results align with and extend previous research in the
field of gamification and educational outcomes.

The significant positive relationship between gamification and
memory (fp = 0.584, p < 0.001) can be explained through several
theoretical mechanisms. Gamification elements such as challenges,
rewards, and immediate feedback create heightened cognitive
engagement, which enhances the encoding and consolidation of
information in working memory. The interactive and repetitive nature
of gamified learning activities promotes deeper processing of
educational content, facilitating the transfer of information from
working memory to long-term memory storage. Furthermore, the
motivational affordances of gamification sustain attention and reduce
cognitive load through structured, incremental learning experiences.
These findings corroborate previous research by Kim (2023) regarding
the effectiveness of gamification in enhancing cognitive processing and
learning outcomes.

The significant effect of gamification on academic vitality (f =
0.498, p < 0.001) supports the theoretical connection between game-
based motivational design and positive academic functioning.
Gamification fosters academic vitality by satisfying fundamental
psychological needs for autonomy, competence, and relatedness. The
provision of clear goals, progressive challenges, and meaningful
rewards creates a sense of accomplishment and self-efficacy, which
buffers against academic stress and promotes resilient responses to
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educational challenges. The competitive and collaborative elements
inherent in gamification design enhance social connectedness and peer
support, further contributing to academic vitality. These results align
with findings by Eisingerich et al. (2019) regarding the superiority of
positive motivational approaches over compulsion-based strategies in
sustaining engagement.

The strongest effect was observed between gamification and the
teaching-learning process (B = 0.663, p < 0.001), with gamification
explaining 43.9% of the variance in this outcome. This robust
relationship underscores the transformative potential of gamification in
educational settings. Gamification fundamentally alters the teaching-
learning dynamic by transforming passive information reception into
active, participatory knowledge construction. Elements such as point
systems, leaderboards, and achievement badges create transparent
progress indicators that guide learning trajectories and provide
continuous formative assessment. The incorporation of narrative
elements and role-playing scenarios contextualizes abstract concepts
within meaningful frameworks, facilitating deeper comprehension and
knowledge application. These findings extend the work of Rajabi
Moghaddam (2023) by demonstrating that gamification's effects extend
beyond collaborative and web-based learning to encompass the broader
teaching-learning process.

The differential effects observed across the three dependent
variables merit consideration. The teaching-learning process
demonstrated the strongest relationship with gamification, followed by
memory, and then academic vitality. This pattern suggests that
gamification most directly influences the structural and procedural
aspects of education, with cognitive and affective outcomes mediated
through these process-level changes. The relatively lower effect on
academic vitality, while still substantial, indicates that gamification
alone may not fully address the complex psychological factors
underlying academic well-being, suggesting the need for
complementary interventions.

Conclusion

The results of this study demonstrate statistically significant and
positive differences between the experimental group (Al-based
learning) and the control group in post-test scores for problem-solving
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skills, critical thinking, creativity, and identity formation among
children aged 7 to 12 years. Al-based learning exerted a significant
positive effect on all four variables examined.

Al-based learning substantially enhances children’s problem-
solving skills. By analyzing each learner’s strengths and weaknesses,
this technology delivers personalized feedback, interactive
environments, simulations, and challenges tailored to individual ability
levels. Consequently, it teaches effective problem-solving strategies
while increasing motivation and self-confidence.

Similarly, artificial intelligence positively influences children’s
critical thinking. These tools strengthen analytical and metacognitive
skills by providing diverse information, enabling precise evaluation of
outputs, refinement of questions, and identification of biases—provided
that Al is used as a supportive tool rather than a replacement for
independent thinking.

In the domain of creativity, Al-based learning significantly promotes
this skill by facilitating diverse idea generation, offering innovative
suggestions, creating interactive environments, and providing safe
opportunities to test ideas without fear of failure. This process also
enhances children’s self-efficacy.

Regarding identity formation, artificial intelligence influences
children by fostering new attitudes toward learning, increasing
intellectual independence, altering self-confidence, and shaping a fresh
self-image as part of the digital world. Nevertheless, excessive
interaction with this technology may also affect social interactions and
emotional skills.

Overall, Al-based learning, as a novel educational approach, plays a
crucial role in the development of children’s cognitive and identity-
related competencies. Through personalized feedback, interactive
experiences, and innovative learning opportunities, this technology
prepares children for the demands of the future. However, its success
depends on appropriate design, attention to individual differences, and
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continuous monitoring to prevent potential negative outcomes such as
over-reliance on technology or reduced social interaction.

Limitations of the study include the relatively small sample size, the
influence of environmental and individual variables on the results, and
the lack of long-term follow-up. Future research should employ larger
samples, longer time frames, and more diverse educational settings.
From a practical perspective, it is recommended that teachers and
instructional designers utilize artificial intelligence as a complementary
tool alongside traditional methods. Professional development programs
on digital literacy for teachers and parents are also advised, along with
the development of software platforms specifically designed to align
with children’s cognitive and emotional characteristics.
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