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FROM GAME TO ALGORITHM INTEGRATION
OF GAMING AND Al TO ENCOURAGE CRITICAL
THINKING IN STUDENTS

Maja Mitevska-Poceva

ABSTRACT

This paper explores the role of gamification as an innovative pedagogical strategy

and its integration with Al tools to promote critical thinking among primary school

students. Through the analysis of contemporary theoretical models and best prac-
tices, the potential of gamified activities supported by intelligent systems to enhance
students’ motivation, engagement, and cognitive abilities is discussed, while simultane-
ously developing their critical awareness of media and digital reality. Critical thinking, as
an essential competency of the 21st century, enables students to logically analyze, eval-
uate, and make evidence-based decisions. It represents a process that overcomes the
limitations of bias, impulsive reasoning, and one-sided perspectives, relying on values
such as clarity, accuracy, consistency, relevance, and fairness. In this context, artificial in-
telligence is not just a technological tool, but also a cognitive challenge that requires the
development of critical skills for analyzing, interpreting, and evaluating algorithmically
generated content. Learning with and through Al promotes awareness of how algorithms
select and present information, enabling students to recognize potential manipulations,
biases, and limitations of digital systems. The paper proposes an integrative learning
model that connects elements of play, technology, and cognitive autonomy, creating an
environment that fosters development, innovation, and freedom of thought. In this way,
the integration of gamification and Al emerges as a key tool for building a generation of
students who can navigate the complex informational landscape of modern society crit-
ically, creatively, and ethically.

gamification, artificial intelligence, critical thinking, media literacy.
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1. Introduction

Modern society is in a period of accelerated digital transformation, in which digital
technologies and artificial intelligence (Al) have an increasingly profound impact on
everyday life. The way information is created, processed, and distributed is increasingly
mediated by algorithms and automated systems that participate in content selection,
public opinion shaping, and decision making. In such a context, education faces an in-
creased responsibility — to respond to the needs of generations of students who grow
up in a digital and media-saturated environment, in which technology is not just a means,
but an active factor in the learning and socialization process.

Students today are exposed to a continuous flow of information, which is often frag-
mented, algorithmically selected, and not always reliable. Traditional teaching approach-
es, focused mainly on the transmission and reproduction of knowledge, are increasingly
proving to be insufficient for developing the skills needed for a critical understanding of
the complex digital reality. Hence, the development of critical thinking is imposed as one
of the key goals of modern education.

Critical thinking is considered an essential competency of the 21st century, as it en-
ables students to approach information analytically, assess its reliability and relevance,
and make reasoned decisions based on evidence. It is a complex process that includes
logical reasoning, evaluation of arguments, self-reflection and awareness of one's own
cognitive limitations. In conditions of information overload, misinformation and digital
manipulations, critical thinking becomes a prerequisite for the development of responsi-
ble, autonomous and ethically aware persons.

In this educational landscape, artificial intelligence takes on a dual role. On the
one hand, it is a powerful pedagogical tool that enables personalized and adaptive
learning, automatic feedback, and monitoring of student progress. On the other hand,
Al presents a cognitive and ethical challenge because the algorithms that support its
functionality often function as non-transparent systems, whose influence on opinion
and behavior is not always easily recognizable. Therefore, learning with and about ar-
tificial intelligence should not be reduced to technical literacy, but should include de-
veloping a critical awareness of the way algorithms mediate information and shape
digital reality.

In parallel with technological advancements, contemporary pedagogy is increas-
ingly emphasizing the importance of active and student-centered teaching approach-
es. Inthat direction, gamification stands out as an effective pedagogical strategy that
integrates game elements into the teaching process to increase student motivation,
engagement, and cognitive activity. The game, as a natural form of learning, creates
a safe environment for research, experimentation, and learning through experience,
which is particularly significant for the development of logical, creative, and critical
thinking.

Gamified activities allow students to actively participate in solving problems, mak-
ing decisions and developing strategies, whereby learning is experienced as a mean-
ingful and dynamic process. When these activities are supported by tools based on
artificial intelligence, conditions are created for adaptive and personalized learning,
adapted to the individual needs and abilities of students. Such an approach encour-
ages self-regulation, autonomy and responsibility in the learning process, but at the
same time enables the development of algorithmic thinking as an important cogni-
tive skill.
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However, the integration of gamification and artificial intelligence in education is not
without challenges. There are risks of superficial application of game elements, aimed
at external rewards, as well as the danger of uncritical acceptance of algorithmic recom-
mendations. Therefore, a carefully thought-out pedagogical approach is necessary that
places technology as a function of the development of critical thinking, rather than as an
end in itself.

In that context, the concept ,from game to algorithm” emerges as a significant educa-
tional framework. It implies a gradual transition from learning through play to structured,
logical, and algorithmic thinking, whereby students are introduced to the processes of
analysis, planning, and decision-making through game activities. Starting from these
observations, this paper aims to consider the integration of gamification and artificial
intelligence as an innovative model for encouraging critical thinking among elementary
school students, aligned with modern educational needs and values.

2. Literature review

2.1. Critical thinking in a digitally and algorithmically mediated
educational context

Critical thinking is one of the central educational goals of modern education and is
widely recognized as an essential competence for active, responsible, and ethically con-
scious participation in the knowledge society. Students today are not only faced with the
need to acquire knowledge but also to question the sources, contexts, and intentions
behind the information that is brought to them through digital media and intelligent plat-
forms.

In the national education system, critical thinking is clearly defined as a key compe-
tence for lifelong learning. The Education Development Bureau (BRO, 2020) highlights
it as an ability that develops through the active involvement of students in processes
of analysis, argumentation, problem solving, decision making, and reflection. These
processes imply the abandonment of traditional, reproductive learning models and a
transition to teaching strategies that place the student at the center of the educational
process.

In the digital environment, critical thinking is inextricably linked to media and digital
literacy. The Agency for Audio and Audiovisual Media Services (AAVMU, 2021) indicates
that students are exposed to a continuous flow of information, the selection and ranking
of which is often done through algorithms that are not transparent to the user. This re-
ality creates a need to develop a critical awareness of the way algorithms influence the
perception of reality, the formation of attitudes, and decision-making.

The Macedonian Media Institute (2022) further emphasizes that critical thinking in the
digital age cannot be considered in isolation from issues of media ethics, responsibility,
and social impact. Students should be empowered not only to use digital tools technical-
ly but also to cognitively question their results, question the accuracy and objectivity of
information, and develop an awareness of the limitations and biases of algorithmically
generated content. In this context, critical thinking also acquires a clear value dimension.
It is not only a cognitive skill, but it is the basis for the formation of an independent, re-
sponsible, and ethically aware person. This aspect is particularly significant because it
considers education not only as a technical process, but also as a space for shaping the
human personality and value system.

The integration of artificial intelligence in education further reinforces the need to de-
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velop critical thinking. Artificial intelligence works on the basis of complex algorithms
and large databases, and its results are often perceived as objective and indisputa-
ble. According to UNESCO's recommendations for North Macedonia (2023), education
should prepare students to be critical users of Al, capable of understanding the princi-
ples of its functioning and evaluating its results from an ethical, social, and educational
perspective.

From a pedagogical point of view, the development of critical thinking requires the
creation of teaching situations that activate higher cognitive levels — analysis, synthesis,
and evaluation. Traditional frontal methods are insufficient to achieve these goals, espe-
cially in the digital educational environment. Therefore, modern teaching approaches are
increasingly directed towards problem-oriented, research and interactive activities that
encourage student autonomy and reflection (MES, 2021).

2.2. Gamification as a pedagogical mechanism for the development of
critical and algorithmic thinking

Gamification in education is a modern pedagogical approach based on the integration
of game-specific elements — rules, goals, challenges, feedback, and symbolic rewards
— in teaching contexts with clearly defined educational goals. Unlike spontaneous play,
gamification is developed as a structured didactic model, the purpose of which is to in-
crease students’ motivation, engagement, and cognitive activity.

In the Macedonian educational context, learning through play is particularly em-
phasized in primary education, where play is recognized as a natural way of learning
and a means of developing cognitive, social, and emotional competencies (Ministry of
Education, 2019). According to the guidelines of the Education Development Bureau
(2020), gamified teaching activities create conditions for active participation of stu-
dents, encourage an investigative spirit, and enable the development of critical and
logical thinking.

The key pedagogical value of gamification lies not only in its motivational potential but
also in its ability to structure student thinking. Through clearly defined rules and goals,
the game creates a cognitive framework in which students begin to think systematically,
plan steps, and predict the consequences of their choices. These processes represent
the basis for the development of algorithmic thinking.

Research conducted within the pedagogical faculties in North Macedonia indicates
that gamified activities enable a gradual transition from intuitive and experiential learn-
ing to organized and analytical thinking (Faculty of Pedagogy - Bitola, 2021). Through
repeating game situations and solving problems within the game, students begin to rec-
ognize patterns, rules, and logical connections.

Within the concept of ,From Game to Algorithm, the game appears as the initial cat-
alyst of cognitive development. It creates a safe environment for experimentation, in
which a mistake is not perceived as a failure, but as an opportunity for learning and re-
flection. This aspect is of particular importance for the development of critical thinking,
as it encourages students to question their own strategies and assumptions. In addi-
tion, gamification enables the development of metacognitive skills, that is, awareness
of one's own thought processes. When students think about why a particular strategy
works or doesn't work, they move to higher cognitive levels, which is a key step in devel-
oping critical thinking.
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2.3. From Game to Algorithm: Integration of Gamification
and Artificial Intelligence

Algorithmic thinking is a key cognitive skill in modern society, which increasingly relies
on digital and intelligent systems. Although traditionally associated with programming
and informatics, contemporary pedagogical literature indicates that algorithmic thinking
is a broader concept that includes the ability to logically structure problems, plan steps,
and make decisions based on clear rules and conditions.

In the Macedonian educational context, the development of algorithmic thinking is
in accordance with the strategic documents for the promotion of digital competences
among students, emphasizing the need for the integration of innovative teaching ap-
proaches that connect technology and critical thinking (Ministry of Education and Sci-
ence, 2021). In that process, the game is imposed as a natural and pedagogically justi-
fied starting point for the introduction of algorithmic principles.

Gamified activities create a context in which students intuitively adopt the basic ele-
ments of algorithmic thinking: sequence of steps, conditions, repetition and consequenc-
es. Through the game, students face problem situations that require planning, predicting,
and correcting strategies. This process enables a gradual transition from experiential
and intuitive learning to structured and systematic thinking, which is the essence of the
concept ,From Game to Algorithm®.

In this context, algorithmic thinking does not develop in isolation, but is closely
related to critical thinking. When students analyze why a particular strategy is suc-
cessful or unsuccessful, they question their own assumptions, analyze results, and
draw conclusions based on evidence. These cognitive processes directly contribute
to the development of critical thinking, especially in contexts involving complex and
dynamic situations.

The integration of artificial intelligence into gamified learning further deepens this pro-
cess. Al tools enable adaptive learning by adjusting task difficulty, tracking student pro-
gress, and providing personalized feedback. In the Macedonian educational discourse,
this approach is considered as an opportunity to improve the quality of teaching, but
also as a challenge that requires the development of critical awareness among students
(UNESCO North Macedonia, 2023).

From a pedagogical point of view, Al should not be used as an automated control or
evaluation mechanism, but as a cognitive partner that supports the student in the think-
ing process. When students work with Al-supported gamified systems, they are faced
with algorithmic decisions that can and should be subject to analysis and discussion. In
this way, Al becomes a means of developing a critical awareness of the way intelligent
systems work and of their potential limitations and biases (AAVMU, 2021).

In addition, such integration enables the development of metacognitive skills, as stu-
dents receive feedback that directs them to self-reflection and correction of their own
strategies. This process is consistent with the Bureau of Educational Development's rec-
ommendations for active and student-centered learning, which emphasizes the process,
not just the result (BRO, 2020).

Hence, the integration of gamification and artificial intelligence can be seen as an
innovative pedagogical model that connects experiential learning with algorithmic
thinking and critical analysis. The concept ,From game to algorithm” reflects exactly
this evolution of student thinking — from game as a form of engagement, through
algorithm as a cognitive structure, to a critical awareness of the role of technology
in modern society.
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2.4. Integrative model: game - algorithm - artificial intelligence
— critical thinking

Contemporary pedagogical literature increasingly points to the need for integrative ed-
ucational models that overcome fragmented approaches to learning and enable the con-
nection of different cognitive, affective, and technological dimensions of the teaching
process. In that context, the ,game - algorithm - artificial intelligence - critical thinking”
model represents a modern framework that connects natural student motivation with
structured thinking and critical analysis of digital reality.

The game, as the starting point of the model, is recognized as a fundamental medium
for learning, especially in primary education. It enables active participation, experimen-
tation, and emotional involvement, creating a safe environment in which students are
free to explore and make mistakes. Pedagogical research indicates that this kind of en-
vironment is a prerequisite for the development of higher cognitive processes, because
through play, students spontaneously enter situations that require decision-making,
planning, and assessment of consequences (Ministry of Education, 2019; BRO, 2020).

The algorithm, as the second component of the model, represents a cognitive struc-
ture that emerges from the gaming experience. Through repetition of game situations,
students begin to recognize rules, patterns, and logical connections, which leads to the
gradual formation of algorithmic thinking. In this context, the algorithm is not under-
stood exclusively as a technical term related to programming, but as a way of thinking
that implies breaking down problems into steps, predicting outcomes, and making sys-
tematic decisions (UKIM, 2020).

Artificial intelligence, as the third component of the integrative model, has a dual role:
supporting and challenging. On the one hand, Al enables personalized and adaptive
learning by analyzing student progress, adjusting tasks, and providing timely feedback.
On the other hand, it represents an algorithmically mediated system that itself becomes
an object of critical analysis. In an educational context, this opens up the opportunity for
students not only to learn with the help of Al, but also to learn about Al — to understand
its limitations, biases, and impact on decision-making (UNESCO North Macedonia, 2023;
AAVMU, 2021).

Critical thinking emerges as an integrative result of the interaction between the game,
the algorithm, and the artificial intelligence. In this model, students are not passive us-
ers of technology, but active subjects who analyze their own actions, question algorith-
mic solutions, and evaluate the results of digital systems. Critical thinking is developed
through constant reflection, comparing alternative strategies, and making reasoned con-
clusions, which is in line with national educational priorities for the development of au-
tonomous and responsible students (BRO, 2020).

The literature indicates that such an integrative approach is particularly relevant in
a digitally and media-saturated environment, where students are daily confronted with
algorithmically selected content. Through gamified and Al-supported activities, teaching
can create conditions for students to develop an awareness of the way information is
generated and mediated, as well as to build a critical distance towards digital authorities.

This model can also be seen as a value framework that connects technology with the
educational mission of education. The integration of the game, algorithmic thinking, and
artificial intelligence should not lead to a technocratic approach, but to the development
of the person - a student who thinks, questions, and acts responsibly in the complex
modern world. In that way, the ,game - algorithm - Al - critical thinking” model is posi-
tioned as a pedagogical response to the challenges of the digital age, aligned with hu-
manistic and educational values.

88



KAIROS | MEDIA AND COMMUNICATION REVIEW | VOL. 4| NO. 2 | DECEMBER 2025

3. Research methodology
3.1 Research approach

This paper applies a qualitative research approach in order to explore the potential of the
integration of gamification and artificial intelligence in fostering critical thinking among pri-
mary school students. As an appropriate methodological choice, a case study is used, which
enables an in-depth consideration of a specific educational practice in its real context.

The choice of a case study is justified by the research objective of the paper, which
is not aimed at generalization of the results, but at the analysis and interpretation of
learning processes, student reactions, and pedagogical effects of the application of
the ,From Game to Algorithm” model.

3.2. Context and participants

The case study was carried out as part of a teaching activity in a primary school, with
students from grade school (age 9-10). The activity is carried out in a regular teaching
context, as part of an integrated teaching unit related to the development of logical, al-
gorithmic, and critical thinking.

Students with different levels of prior knowledge and digital competencies participat-
ed in the activity, which made it possible to see the impact of the gamified and Al-sup-
ported approach on different student profiles. The role of the teacher was that of a fa-
cilitator, who guided the students through questions, discussion, and reflection, without
directly offering solutions.

3.3. Description of the teaching activity

The teaching activity was designed based on the conceptual model ,From Game to
Algorithm" and took place in three successive stages.

Dramatized problem situation
The activity started with a gamified story in which the students played the role of
Jresearchers” who had to solve a series of challenges to reach the goal. The challenges
were designed to require:
planning of steps,
choice between several possible strategies,
predicting consequences of decisions.

In this phase, the emphasis was placed on experiential learning and active participa-
tion, without the explicit use of formal algorithmic concepts.

Algorithmic structure and reflection

After completing the game activities, the students were encouraged to analyze their
actions through a guided discussion. The questions were aimed at:
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« identification of the sequence of steps,
+ recognition of rules and conditions,
« analysis of successful and unsuccessful strategies.

At this stage, students gradually began to structure their experiences in the form of
simple algorithmic patterns (eg “first — then — if/then”), which represented a transition
from play to algorithm.

Al-supported adaptation and critical analysis

In the final phase, students worked with a digital tool supported by artificial intelli-
gence, which offered additional tasks with an adjustable level of difficulty and feedback.
Students were encouraged to analyze the feedback and discuss it:

+ why the system offers certain tasks,
* how the algorithm ,decides"” the weight,
+ Do they always agree with the proposed solutions?

This phase was crucial for developing a critical awareness of the functioning of algo-
rithmic systems.

3.4. Data collection methods
Data were collected through:

« observation of student participation and interaction,
- analysis of student products (solutions, diagrams, algorithmic schemes),
+ reflective discussion with the students after the activity.

These methods enabled a qualitative observation of changes in students’ thinking,
problem-solving strategies, and critical engagement.

The analysis of the collected data indicates several significant findings:

« Students showed increased motivation and engagement in the gamified environ-
ment.

« A gradual transition from intuitive to structured thinking has been noted.

« Students were able to explain and justify their choices, which indicates the devel-
opment of critical thinking.

+ Interaction with the Al tool prompted questions and discussions about the accura-
cy and logic of algorithmic decisions.

The results of the case study indicate that the conceptual model ,From Game to
Algorithm” can be successfully applied in teaching practice, especially in primary
education. The integration of gamification and artificial intelligence creates conditions
for the development of critical, algorithmic, and digital thinking among students, which
confirms the relevance of the proposed model.
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4. Findings / results

Based on the research, the analysis of modern pedagogical approaches, and the con-
sideration of practical examples from the teaching practice, several key findings can be
made regarding the integration of gamification and artificial intelligence in order to en-
courage critical thinking among students.

First, it is clearly confirmed that gamification is an effective initial mechanism for stu-
dents’ cognitive activation. Literature and teaching practice indicate that students show
a higher level of engagement, motivation, and persistence when they are involved in gam-
ified activities. The game creates a safe and stimulating environment in which students
are ready to experiment, take risks, and learn from their mistakes. This turns out to be
particularly significant for the development of critical thinking, as error is experienced as
a learning resource rather than a failure.

The second observation refers to the gradual transition from experiential to algorithmic
thinking. The analyzed sources indicate that when the gamified activities are pedagogi-
cally designed and aimed at solving problems, students spontaneously begin to structure
their actions, plan steps and predict the consequences of their own choices. This process
is the basis for the development of algorithmic thinking, which is not limited to informatics,
but manifests itself as a general cognitive skill applicable in all teaching subjects.

Third, the results indicate that the integration of artificial intelligence further deepens
the cognitive process, especially when Al is used as a support rather than a substitute for
pedagogical interaction. Al-supported systems enable the adaptation of tasks according
to the individual abilities of students, timely feedback and monitoring of progress, which
creates conditions for personalized learning. In such a context, students are encouraged
to self-regulate, self-reflect and take responsibility for their own learning — key elements
of critical thinking.

At the same time, it is stated that artificial intelligence represents a significant cog-
nitive and ethical challenge. Algorithmically mediated content, recommendations and
decisions should not be accepted uncritically. On the contrary, it is emphasized that the
educational value of Al increases when it becomes the subject of analysis and discus-
sion. Students who are encouraged to ask questions about how algorithms work, why
the system offers certain solutions, and what its limitations are, develop a higher level of
critical awareness and media literacy.

In addition, the analysis shows that the integrative model ,game - algorithm - Al - criti-
cal thinking“ enables a holistic approach to learning. Instead of fragmented introduction
of technologies or isolated activities, this model creates a coherent educational frame-
work in which each component has a clear pedagogical function. The game serves as
motivational and experiential input, the algorithm as cognitive structure, Al as adaptive
support, and critical thinking as the ultimate educational goal. In the context of the Mac-
edonian educational system, these findings are in accordance with the guidelines for
the development of digital, logical and critical competencies among students. In par-
ticular, the need for careful planning of teaching activities and professional preparation
of teachers for the integration of such innovative models in daily practice is highlighted.

The results of the analysis indicate that the integration of gamification and artificial in-
telligence, when it is pedagogically designed and value oriented, has a significant poten-
tial for improving critical thinking among students. This approach not only contributes to
the improvement of the quality of learning, but also creates a basis for the education of
thinking, autonomous and responsible persons, capable of critically moving through the
complex digital world - which is an essential mission of education.
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5. Discussions and conclusions

The results of the conducted case study indicate that the integration of gamification
and artificial intelligence in the teaching process has a significant potential for encour-
aging critical thinking among elementary school students. These findings are consistent
with contemporary theoretical and research insights related to learning through play, the
development of algorithmic thinking, and the role of artificial intelligence in education.

The observed increase in student motivation and engagement during gamified activi-
ties confirms the thesis that learning through play creates an emotionally and cognitively
favorable learning environment. These results are consistent with the views of Deterding
et al. (2011) and Kapp (2012), according to which gamification, through clearly defined
goals, rules, and continuous feedback, strengthens internal motivation and encourages
the active role of the student in the learning process.

In addition, Gee (2007) points out that quality educational games create ,systems of
meaning”, in which students learn through experimentation, error-making, and reflection.
Exactly such processes were also observed within the framework of this study, where
the students, through the game, developed strategies, questioned their own decisions,
and reasoned their actions. The game, in this context, was not only a motivational ele-
ment but also a means of cognitive shaping and deepening of thought processes. One
of the most significant findings of the research concerns the gradual transition from
intuitive and experiential action to structured and logically organized thinking. Through
targeted reflection and pedagogical guidance, students were able to formulate their ac-
tivities in the form of sequences, rules, and conditions, which is the basis of algorithmic
thinking. This process indicates the possibility to develop algorithmic concepts naturally
and thoughtfully, through activities that are close and meaningful to the students.

This finding is consistent with the concept of computational thinking, as defined by
Wing (2006), as the ability to solve problems through logical decomposition, pattern rec-
ognition, and systematic planning. Research by Grover and Pea (2013) further confirms
that algorithmic thinking can be successfully developed in early education, especially
when it is linked to concrete, contextualized, and meaningful activities. In the Macedoni-
an educational context, this approach represents an opportunity to overcome traditional
reproductive learning and to introduce students to the logic of the modern digital society
in a developmental and acceptable way.

The interaction with the Al-supported tool in the third phase of the activity showed
that students do not perceive technology exclusively as a source of correct and final
answers, but as a system that can and should be analyzed, questioned, and evaluated.
Students asked questions related to the logic of the algorithm, the choice of tasks, and
the accuracy of the solutions offered, which indicates the development of a critical dis-
tance towards technology.

These observations are consistent with the views of Holmes et al. (2019) and UNE-
SCO (2023), which emphasize that the educational application of artificial intelligence
should be aimed at the development of critical and ethical awareness, and not only at the
automation and optimization of learning. In this context, artificial intelligence functions
as a cognitive challenge that encourages students to think about the way information is
selected, structured, and interpreted, which is especially significant in the era of algorith-
mically mediated reality.

The results of the study clearly show that critical thinking does not develop in iso-
lation, but as a result of the interaction between the game, algorithmic structure, and
technological support. Students demonstrated abilities for analysis, argumentation, and
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self-reflection, which is consistent with definitions of critical thinking provided by Facione
(2011) as well as Paul and Elder (2006). Additionally, the findings are aligned with the
European Digital Competence Framework (DigComp 2.1), which emphasizes the impor-
tance of critical and responsible use of technology.

From the perspective of educational policies, the results indicate that the integration
of gamification and artificial intelligence is not only a pedagogical innovation but also a
strategic opportunity for the advancement of teaching practice. The conceptual model
,From Game to Algorithm" offers a framework for the systematic development of critical,
algorithmic, and digital thinking, in accordance with contemporary social and technolog-
ical challenges. In that direction, the need for curricular reforms that will recognize criti-
cal thinking as a transversal competence and not as an isolated educational outcome is
emphasized. In terms of teaching practice, the study points to the key role of the teacher
as a facilitator of learning, who guides students through the process of play and experi-
ence, through structured thinking, to critical analysis of technological tools. Played activ-
ities create space for dialogue, reflection, and differentiated learning, whereby individual
differences between students are recognized as a resource, not as an obstacle.

As a synthesis of pedagogical, technological, and cognitive aspects of learning, the
»-From Game to Algorithm“ model represents a flexible and adaptable approach with the
potential for application in various educational contexts. Its application can contribute to
building an educational system that not only follows technological innovations but also
critically examines them, putting the student at the center of the learning and develop-
ment process.

6. Limitations and directions for future research

This paper explores the integration of gamification and artificial intelligence as a con-
temporary pedagogical approach to encourage critical thinking in primary school stu-
dents. Starting from the theoretical settings of learning through play, algorithmic think-
ing and critical digital literacy, the conceptual model ,From Game to Algorithm®“ was pro-
posed and analyzed, which connects experiential learning, structured cognitive shaping
and critical analysis of technological systems.

The results of the conducted case study indicate that gamified activities, when careful-
ly designed and pedagogically guided, create an environment that significantly increases
student motivation, engagement and readiness for active participation in the teaching
process. The transition from a game to an algorithm allows students to gradually design
and structure their own activities, while developing the basics of algorithmic and logical
thinking. In addition, the use of artificial intelligence as an educational tool has proven
to be a significant factor in fostering critical awareness, as students do not remain mere
users of technology, but are encouraged to analyze, question and evaluate its role and
impact.

One of the key conclusions of the research is that critical thinking does not develop
in isolation, but as a result of the dynamic interaction between game experience, cog-
nitive structure and technological mediation. In that context, the ,From Game to Algo-
rithm“ model stands out as a pedagogically sustainable and flexible approach, with the
potential for application and adaptation in different teaching subjects and educational
contexts.

Although the study has certain limitations related to its qualitative character and lim-
ited coverage, it offers significant insights into the potential of integrated pedagogical
approaches in contemporary education. The research opens the need for further, more
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extensive and systematic research that will allow a deeper understanding of the long-
term effects of the application of gamification and artificial intelligence on the develop-
ment of critical and algorithmic thinking among students.

In that direction, future research could focus on:

« implementing quantitative and mixed research designs to measure the impact of
the model on different aspects of student thinking;

« analysis of the application of the ,From Game to Algorithm“ model in different
teaching subjects and educational levels;

« research of teachers’ perceptions, competencies and readiness for the integration
of gamification and artificial intelligence;

+ examination of the ethical, social and educational aspects of the use of artificial
intelligence in teaching;

+ development and evaluation of digital tools specifically designed to support stu-
dents’ critical thinking.

In a broader perspective, such research can contribute to building an educational
practice that not only follows technological innovations, but also critically shapes them,
putting the student at the center of the learning process. Thus, the paper positions itself
as a relevant contribution to contemporary discussions on the role of gamification and
artificial intelligence in education, offering theoretical and practical guidelines for the
development of critical, responsible and thoughtful learning in the digital age.
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