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INTEGRATION OF ARTIFICIAL INTELLIGENCE IN EDUCATION THROUGH THE TPACK
FRAMEWORK

Annotation

The article examines a range of issues related to the specifics of introducing artificial intelligence (Al) into the
educational process based on the TPACK model. The study has a comprehensive character and aims to identify the
opportunities and limitations of using Al in education, as well as to analyze the features of its integration through the
TPACK model.

The research includes a review of contemporary studies dedicated to the application of Al and the TPACK model
in the educational sphere. Al is rapidly being implemented in education in various parts of the world. The advantages of
using Al are identified, and some necessary conclusions that should be considered when centralizing it in the educational
environment are outlined. The article discusses some application specifics within the context of each component of the
TPACK model. Examples of successful implementation of Al in educational practice are presented.

The survey results made it possible to identify both the opportunities and the challenges associated with integrating
Al into the educational process through the TPACK model. In particular, it was found that students demonstrate a higher
level of awareness of Al’s potential compared to teachers, whereas the latter show greater confidence in their professional
knowledge. Partial readiness for the use of Al in educational practice was also revealed, as well as key barriers and
respondents’ confidence in AI’s effectiveness when properly implemented in the future.

The article proposes a program for implementing artificial intelligence in education through the lens of the TPACK
model. The results of the experiment confirmed the hypothesis regarding the positive impact of Al on academic
performance, motivation, and quality of learning among students in the experimental group, which indicates the feasibility
of integrating Al into the educational process under the conditions of the TPACK model.

Practical recommendations have been developed for educational technology developers, suggesting close
collaboration with teachers at the stage of creating and implementing such solutions.

Keywords: artificial intelligence, education, TPACK model, educational content, Al integration, Al tools, content
knowledge.

Introduction. The relevance of the study lies in the fact that, under modern conditions, society
faces the need to adapt to the rapid changes taking place in the field of digital and other information
technologies. It is important to note that the education system is also involved in these processes. The
integration of artificial intelligence (Al) is increasingly becoming one of the keyways to improve the
educational process. This is due to the fact that, on the one hand, Al has the potential to enhance
learning efficiency, optimize various pedagogical processes — including the development of
educational materials, the creation of individualized learning plans, monitoring academic
performance, and providing feedback, among others. At the same time, on the other hand, the
introduction of Al into the educational sphere is associated with a number of risks. These risks include
the potential for excessive human dependence on technology, which may lead to a decline in students’
critical thinking, a loss of meaningful social and emotional interaction between teachers and students,
as well as the emergence of other negative consequences.

Therefore, for the successful and correct implementation of Al-based technologies in education,
it is necessary to consider not only ethical and technical aspects but also pedagogical conditions. At
the same time, it is important to remember that the content of academic disciplines varies, and each
discipline requires its own approach. For this reason, the TPACK model (an abbreviation of
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Technological Pedagogical Content Knowledge) is currently being proposed as an important tool for
analyzing and designing the integration of Al intended for use within the education system.

This topic is highly relevant and actively discussed, especially in recent years. Numerous
scholars, both from Kazakhstan and abroad, are exploring the opportunities and challenges associated
with the use of Al in the education system. Most often, their research focuses on issues such as the
significance of Al in automating routine and everyday tasks faced by teachers, personalized learning,
and the development of intelligent systems that can be used in educational institutions for various
decision-making processes.

It is worth noting that most research is focused either on the problems that Al implementation
may cause, or on the technical aspects of its integration, as well as on specific pedagogical approaches
in the field of Al. At the same time, the comprehensive impact of Al technologies on the educational
process as a whole is rarely considered. Furthermore, the issues of Al implementation through the
lens of the TPACK model remain understudied, especially in the context of the Kazakhstani
education system.

The core problem of this research is the lack of sufficiently developed methodological
approaches for effectively leveraging Al in education—approaches that consider the evolving
conditions of modern pedagogy and the specific requirements of different academic disciplines. To
establish a sound methodological foundation for integrating Al into modern education, a more
rigorous evaluation of existing practical AI models is necessary, coupled with heightened attention
to the technological and pedagogical knowledge of the specific educational context and content.

The aim of this article is to provide a theoretical review of scientific research on the problem of
integrating Al into educational processes through the lens of the TPACK model. We have defined
the following research questions:

What opportunities and challenges arise from integrating Al into education through the TPACK
model framework?

What practical recommendations can be developed for teachers on the effective use of Al within
the TPACK framework?

Methods and materials. To find answers to the research questions, a study was conducted in
Kazakhstan at M. Utemisov West Kazakhstan University and Pavlodar Pedagogical University
named after A. Margulan. Between October and December 2024, theoretical and field research was
carried out, aimed at developing practical recommendations for teachers on the effective use of Al
within the TPACK framework, which are applicable across various levels of education.

The method employed was a theoretical review of scientific research from the Google Scholar
database, focusing on publications from 2020 to 2024. The theoretical review was conducted in five
stages: formulation of the research question or search objective, definition of the search strategy,
selection of relevant scientific publications, data analysis, and synthesis. The search query used was
the phrase: “TPACK AI”.

The research methods employed were:

— Theoretical methods: literary analysis of sourced publications on the use of Al and the
TPACK model in education;

— Practical methods: studying the possibilities and limitations of the TPACK model in relation
to Al integration, including surveys, observation, and pedagogical experiments;

— Statistical methods: descriptive statistics methods (calculation of absolute and relative
frequencies, mean values) were used to process and calculate the results, as well as comparative
analysis of groups using the Mann-Whitney test (for independent samples) and the Wilcoxon test (for
comparing indicators before and after the experiment). The level of statistical significance was set at
p <0.05. Data processing was carried out using IBM SPSS Statistics 26.0;

— Analytical methods: generalization and drawing conclusions;

— Modeling methods: used in the development of the Program and Practical Recommendations.

Sample Description. The study included two categories of participants: students and teachers
from pedagogical universities. The total sample size was 200 people: 120 students and 80 teachers.
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The student sample was formed from 2nd-year to 4th-year students majoring in "Pedagogy and
Methodology of Primary Education," "Computer Science," and "Foreign Language" at Pavlodar
Pedagogical University named after A. Margulan and M. Utemisov West Kazakhstan University.
Among the student participants, 78 were women (65%) and 42 men (35%). The teacher sample
included teachers and methodologists from the aforementioned universities with 3 to 25 years of
teaching experience; of these, 58 were women (72.5%) and 22 men (27.5%). The criteria for selecting
participants were: affiliation with a pedagogical university, direct participation in the educational
process, and voluntary consent to participate in the study.

The sample description indicates that the study covers teachers and students, and that
pedagogical universities are the participant selection criteria.

Data collection tools include questionnaires and participant testing.

The survey questions for students, teachers, and methodologists at pedagogical universities
assess awareness: Do you know about artificial intelligence?

Attitudes toward artificial intelligence: What is your attitude toward the idea of using artificial
intelligence in education?

Readiness to use Al: Are you prepared to use Al-based tools in your future and professional
development?

Al application: In your opinion, which aspects of education could be improved by using AI?

Barriers to Al use: In your opinion, what are the main challenges associated with the
implementation of Al in education?

Attitudes toward use: Have you used Al-based tools in the educational process?

Al effectiveness: Do you agree that using Al in education will make education more effective?

Future attitudes towards the use of Al in education: Do you agree that Al will be widely used in
education?

Research procedure of the experiment. The experiment involved two groups: Experimental
group: students who were provided access to Al-based tools; Control group: students who did not
have access to Al-based tools.

The evaluation criteria were defined based on quantitative data collected across three main
parameters: academic performance, level of engagement, and quality of knowledge acquisition. To
assess these indicators, academic performance results were used along with test questions measuring
engagement and quality of learning. The experiment was conducted over the course of one semester.

Statistical processing of the experimental data included calculating arithmetic means and
standard deviations for each criterion in both groups. To test the statistical significance of differences
between the experimental and control groups, the student's t-test for independent samples (for normal
distribution) or its nonparametric equivalent, the Mann—Whitney test, was used. Differences were
considered statistically significant at p < 0.05.

Results and Discussion. A review of existing research on the use of artificial intelligence in
educational processes reveals that Al in education constitutes modern computer technologies based
on the creation of intelligent systems. These systems possess the ability to operate according to
specific principles that can mimic human behavior [1], [2], [3].

The implementation of artificial intelligence in education is progressing rapidly across all
countries. Many researchers report that Al is becoming accessible to both teachers and students,
particularly in higher education institutions [4], [5].

A review of existing studies on the use of artificial intelligence in educational processes revealed
that Al in education represents a set of modern computer technologies based on the development of
intelligent systems. These systems are capable of operating according to predefined principles, which
allows them to imitate human behavior [6], [7], [8]. Such studies provide valuable insights for
teachers on how Artificial Intelligence in Education (AIEd) can be applied within teaching and
learning.

When considering the opportunities and main challenges of AI, the key problems of
implementing artificial intelligence in education in Kazakhstan are identified as the
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underdevelopment of digital infrastructure, the need for better professional training of personnel, and
the mandatory enforcement of ethical standards regarding the integration of AIEd [9], [10], [11].

The TPACK model (Technological Pedagogical Content Knowledge) represents a conceptual
framework that integrates three key components of knowledge: technological, pedagogical, and
content knowledge. Each of these plays a unique role in shaping an effective educational process.
Technological knowledge encompasses an understanding of modern technologies, tools, and methods
of their application in the educational environment. This knowledge enables teachers to integrate
innovative technologies, including artificial intelligence, in order to enhance the effectiveness of the
learning process and stimulate student engagement. Pedagogical knowledge includes both theoretical
and practical understanding of teaching methods, didactics, learning psychology, and other aspects
of the educational process. This component helps adapt content and teaching methods to the
individual needs of students, thereby ensuring the personalization of the learning experience.

Deep and meaningful knowledge is widely used in subject areas such as physics, mathematics,
biology, chemistry, and other disciplines. In line with established standards and core educational
content, it allows teachers to convey the necessary knowledge. The use of AIEd provides access to
educational materials and enables a high level of curricula [12], [13].

Examples of successful use of AIEd include: Massive Open Online Course (MOOC) platforms:
Coursera, Udacity, edX, Quizlet; Virtual laboratories and simulations: PhET Virtual Lab, VR
Chemistry Simulations; Personalized learning pathways: Khan Academy, Adaptive Learning
Systems such as Knewton Learn; Intelligent assistants and tutors: ChatGPT, Google Classroom
Assistant, Canva; Teacher training programs: Microsoft Educator Center, IBM SkillsBuild; Online
testing and knowledge assessment: Yandex.Textbook (SInnexc.Y4eOnuk), Moodle, Google Forms
Quiz; E-portfolios and certifications: ePortfolio, Badges; Blended learning models: Google
Classroom, Khan Academy, MIT OpenCourseWare [14], [15], [16].

All these examples demonstrate that Al has already been successfully implemented in
educational practice. They ensure the personalization of the learning process, enhance teaching
effectiveness, and improve the quality of education.

Main results of practical research. Table 1 presents the results of the survey on the perceptions
of teachers and students regarding the use of Al and the identified challenges within the education
system. The survey was conducted among 120 students and 80 teachers.

Table 1: Survey results

Students Teachers
Question Answer option Quantity Percentage | Quantity Percentage
Level of awareness 1 know well 50 41,67% 68 85%
Have a general idea 60 50% 12 15%
Heard, but not sure 10 8,33% 0 0%
They don't know anything 0 0% 0 0%
Attitude towards Al Very positive 70 58,33% 22 27,50%
Positive 30 25% 24 30%
Neutral 20 16,67% 14 17,50%
Negative 0 0% 20 25%
Ready to use Fully prepared 70 58,83% 26 32,5%
More yes than no 25 20,83% 26 32,5%
I’m not sure 20 16,67% 8 10%
More no than yes 5 4.17% 10 12,5%
Absolutely not prepared 0 0% 10 12,5%
Usefulness of Al Personalization 75 62,5% 44 55%
Automation 24 20% 18 22.5%
Feedback 15 12,5% 12 15%
Motivation 6 5% 6 7,5%
Barriers Resources 27 22.5% 17 21,25%
Teachers skills 32 26,67% 14 17,5%
Ethical questions 19 15,83% 25 31,25%
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Cost 42 35% 24 30%
Experience of use Regularly 32 26,67% 18 22,5%
Sometimes 68 56,67% 62 77,5%
Never 20 16,67% 0 0%
Al efficiency Strongly agree 87 72,5% 76 95%
Somewhat agree 22 18,33% 4 5%
Neutral 11 9,17% 0 0%
Somewhat disagree 0 0% 0 0%
Future of Al Widely 90 75% 54 67,5%
Limited 30 25% 26 32,5%
A temporary trend 0 0% 0 0%
Negatively affects 0 0% 0 0%

Source: developed by the authors based on data from author-designed questionnaires

The results of the comparative analysis presented in percentages demonstrate that 41,67% of
students have a good understanding of the concept of Al, 50% have only a general idea of it, and
8,33% had heard about it but were not confident in their knowledge. None of the students indicated
being entirely unfamiliar with the concept. Among teachers, 85% reported being well acquainted with
Al, while 15% reported having only a general understanding. No teachers stated that they were
entirely unaware of the concept.

With regard to attitudes, 58,33% of students expressed a very positive view of Al, 25% held a
positive attitude, and 16,67% were neutral. Nearly half of the students were highly enthusiastic, while
about a quarter showed a positive but more cautious perspective, recognizing certain limitations.
Approximately one-sixth of the students were neutral or skeptical, and around one-quarter voiced
concerns that Al might negatively affect the learning process.

27.5% of teachers have a very positive attitude toward artificial intelligence, 30% have a positive
attitude toward Al, 17.5% are neutral toward Al, and 25% are negative. Thus, there is a small
proportion of skeptics among teachers who doubt the usefulness or fear the negative consequences
of AL Only a few believe that artificial intelligence 1s dangerous or useless.

58.3% of students are completely ready to use Al; 20.83% responded that they are more likely
to use it than not; 16.67% responded that they have never used Al; 4.17% responded that they are
more likely to use Al than not. The survey results indicate that half of the students are completely
ready to use Al in their teaching activities.

32,5% of teachers are completely open to using Al; 32,5% are more likely to use it than not;
10% of teachers find it difficult to answer the question; 12,5% are more likely to be unwilling than
willing to use it; and 12,5% of teachers are completely unwilling to use Al. The study's analysis
shows that half of teachers are strongly prepared to use artificial intelligence in their professional
work, while others are either unwilling or uninterested in using it.

When asked about the usefulness of artificial intelligence, students noted the importance of
individualization (62,5%); automation of various manual tasks (20%); increased feedback (12,5%);
and increased motivation (5%).

Teachers’ opinions align closely with those of students. Among them, 55% highlighted the
importance of personalization, 22,5% expected the automation of manual tasks, 15% foresaw
improvements in feedback, and 7,5% emphasized increased motivation.

The barriers identified by students were distributed as follows: 22,5% pointed to a lack of access
to necessary equipment for using Al, 26,67% to insufficient skills among teachers, 15,83% expressed
doubts about the ethics of Al use, and 35% to a lack of financial resources. For teachers, the barriers
were identified as 21,25% citing insufficient equipment, 17,5% insufficient skills, 31,25% doubting
the ethics of Al use, and 30% a shortage of financial resources.

The primary problem for students is the lack of necessary skills and insufficient technical
equipment. In some cases, students face problems accessing the required resources and learning tools.
Doubts regarding the ethics and permissibility of using artificial intelligence are noted among a small
portion of students.
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In contrast, the main barriers for teachers lie in their insufficient experience with Al and the
absence of necessary skills. Many teachers also complain about a lack of time to master new
technologies and the insufficient technical equipment in schools.

26,67% of students reported that they regularly use artificial intelligence, 56,67% stated that they
use it occasionally, and 16,67% admitted that they have never used it. Among teachers, 22,5%
regularly rely on Al, while 77,5% indicated that they use it from time to time.

When asked about the effectiveness of artificial intelligence, 72,5% of students expressed
complete agreement with its benefits, and 18,33% were more inclined to agree than disagree.
Teachers showed an even higher level of confidence: 95% fully agreed with the effectiveness of Al,
while the remaining 5% rather agreed than disagreed.

Looking into the future, 75% of students believe that artificial intelligence will be used
universally, while 25% expect it to be applied only in a more limited way. Among teachers, 67,5%
anticipate widespread adoption of Al, whereas 32,5% foresee its use in more restricted contexts.

The experimental group demonstrated a significant increase in assignment completion success,
from 60% to 85% (an increase of 25 percentage points). This increase is statistically significant (p <
0.01, Mann-Whitney test for independent samples, compared to a 7% increase in the control group).
The effect size was Cohen's d = 1.42, demonstrating a strong practical effect of Al tools on student
academic performance.

Engagement in the experimental group increased from 65 to 90 points (38.5%). This increase is
statistically significant (p < 0.01, Mann-Whitney test), while in the control group the increase was
only 10.9% (from 64 to 70 points). The effect size was Cohen's d = 1.31, which also demonstrates a
strong practical effect and confirms that Al promotes greater student engagement and participation
in the learning process.

The experimental group's learning performance increased from 70 to 88 points (25.7%). This
increase is statistically significant (p < 0.05, Mann-Whitney test) compared to the control group's
gain of only 5.9% (from 68 to 72 points). The effect size was Cohen's d = 0.98, demonstrating a
moderate-to-strong practical effect, indicating a deeper understanding of the learning material thanks
to the use of Al

The obtained data allow us to draw the following conclusions. Students are generally more aware
of the possibilities of artificial intelligence compared to teachers; however, teachers demonstrate a
significantly higher level of confidence in their knowledge. Students’ attitudes toward Al are more
positive than those of teachers, which may indicate a greater openness among students to new
technologies. Students also show a higher willingness to use Al, which may be associated with fewer
fears and barriers. Both groups agree that the most valuable aspects of Al implementation lie in
personalization and automation. The main barriers for both students and teachers are related to ethical
issues and the financial costs of integrating artificial intelligence into the educational process.

The experience of using Al among students and teachers is quite similar, with “occasional use”
prevailing in both cases. Most of the surveyed students, as well as slightly more than half of the
teachers, expressed confidence in the effectiveness of Al and expect its widespread implementation
in the future.

As part of the pedagogical experiment, a program of educational activities was developed for
students of pedagogical universities, aimed at integrating artificial intelligence into education through
the lens of the TPACK model. Table 2 presents specific activities, indicating their objectives, content,
and expected outcomes.

Table 2. Program of educational activities for pedagogical university students aimed at
integrating AIEd through the TPACK Lens

Ne | Name Goal Content Result
1 | Introduction to To familiarize students | Lectures and seminars on Study of the key concepts
Artificial Intelligence. | with the fundamentals | the fundamentals of artificial | of artificial intelligence
of artificial intelligence | intelligence, its tools, and and its potential in
education.
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and its application in
education.

methods of application in
the educational process.

Educational workshop
on the use of Al tools.

Teach students to use
specific Al tools for
learning.

Practical training sessions on
working with Al platforms
(e.g., ChatGPT, adaptive
learning systems).

Acquisition of skills in
applying Al tools for
creating educational
materials.

Designing a lesson
with AIEd Integration.

Develop skills in lesson
design with AIEd
integration.

Group work on creating
lessons using AIEd, with
discussion of the TPACK
framework.

Developing a lesson
project that integrates
technology, pedagogy, and
content.

Research on the impact
of AIEd on learning.

Conduct research on
the impact of AIEd on
the learning process.

Conduct a survey, analyze
data on the impact of AIEd
on academic performance
and engagement.

Gain experience in
conducting research and
data analysis.

Development of
adaptive learning
materials.

Teach students to
develop adaptive
materials using AIEd.

Practical classes on creating
adaptive tests and
assignments using AIEd.

Creation of adaptive
materials that consider
individual characteristics
of students.

Presentation of AIEd

Develop skills in

Students present their

Development of public

implementation presenting and arguing | projects, discussing the speaking and critical
projects. for AIEd advantages and thinking skills.
implementation. disadvantages of AIEd
implementation.
Discussion of ethical Introduce students to Discussions on possible Understanding the

aspects of AIEd use.

ethical issues of using

risks and ethical dilemmas

importance of ethical
aspects and are ready to
consider them in the future

AlEd. in using AIEd in teaching.

Source: developed by the authors

The Program includes the following activities: introduction to artificial intelligence; an
educational workshop on the use of Al tools; designing a lesson using AIEd; researching the impact
of AIEd on learning; developing adaptive learning materials; presenting projects on AIEd
implementation; discussing ethical aspects of AIEd use; and others.

A preliminary assessment was conducted based on three main criteria: assignment completion
success rate (in %); student engagement level (in points); and quality of material acquisition (in
points). Following the pilot implementation of the program, a control assessment was conducted
based on the same indicators. The results of the comparative analysis are presented in Figure 1.

100
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= 50
i 40
< 30
20
10
0 .
A551gnment Level of student Quality of material
completion success engagement acquisition (points)
rate (%) (points) d P
® EG Beginning 60 65 70
mEG End 85 90 88
CG 58 64 64

Figure 1. Results of the comparative analysis (participants of the experimental and control groups at the beginning
and end of the experiment)
Source: developed by the authors based on data from author-designed questionnaires and observations
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Students in the experimental group showed a significant increase in assignment completion rate,
from 60% to 85%, demonstrating the positive impact of AIEd on learning outcomes. The study results
support the hypothesis of a beneficial impact of AIEd on the learning process. In the control group,
the increase was only 7% (from 58% to 65%), indicating a less pronounced improvement without the
use of AIEd.

The engagement level in the experimental group ranged from 65 to 90 points (38.5%), indicating
increased interest and activity among participants when using AIEd. In the control group, engagement
increased by only 6 points (from 64 to 70) (10.9%), confirming a low level of engagement with AIEd.

In the experimental group, the quality of material acquisition increased from 70 to 88 points
(25.7%), indicating a deeper understanding of the learning material thanks to the use of AIEd. In the
control group, the quality of material acquisition increased by only 4 points (from 68 to 72) (5.9%),
indicating a less effective learning process.

The data obtained from the questionnaire survey are comparable with the results of other studies,
particularly research conducted by SberUniversity (CoepYnusepcuter) and the GeekBrains platform
[17]. These studies emphasize that some teachers express concerns about the potential loss of
individualized approaches in the educational process, as well as possible breaches of confidentiality.
Among the opinions expressed, there are apprehensions that the application of AIEd may reduce the
level of personal interaction with students, which in turn could lead to the erosion of trust-based
relationships.

The skeptical views of teachers are often due to insufficient confidence in their Al-related skills.
Furthermore, a significant portion of respondents note a lack of necessary equipment for the effective
use of technologies in the educational process and emphasize the high financial costs associated with
implementing AIEd.

Teachers also expressed concerns about the security of student data and the potential impact on
traditional teaching methods. Furthermore, many teachers reported difficulties in acquiring the
necessary digital skills and emphasised the need for targeted professional development courses and
workshops. Another frequently cited concern is that over reliance on Al as a primary teaching tool
may weaken the teacher’s guiding role in the learning process. Some participants also highlighted the
potential risks of students accessing and using advanced Al systems independently without the
approval of university administration or faculty. Most teachers agree that the use of AIEd can improve
productivity and effectiveness of learning. Some teachers note the need to integrate artificial
intelligence technology with traditional teaching methods. Al is primarily seen as a tool for improving
workflow and reducing unnecessary workload, not as a complete replacement for traditional teaching
methods.

All of this highlights the significance of the obtained results for theory and practice in the field
of Al integration into education through the lens of the TPACK model. Practical recommendations
have been developed for developers of educational technologies related to the use of AIEd and the
TPACK model, and they are presented in Figure 2.

These recommendations highlight the importance of user friendly educational tools, prioritising
pedagogical principles, and carefully considering ethical issues and the safety of the use of Al in
educational environments. They also highlight the importance of continuous feedback and iterative
improvement, as well as institutional support for innovation. Ultimately, these recommendations aim
to promote the effective and responsible integration of Al into learning through close collaboration
between teachers and educational technology developers.

Collaboration between teachers, taking into account pedagogical technologies, educational
content, and Al-based technologies, will enable the creation of a balanced approach to integrating
technology into the educational process using the TRACK model.

Future research can build on these findings and promote the integration of AIEd and the
development of scientific research. Moreover, they have the potential to improve the quality of the
educational process, provided that all drawbacks are taken into account.
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( \ *Develop intuitive and easy to use interfaces for teachers and \
students to ensure smooth and confident interaction with
digital tools. Implementation of technologies should allow
users to seamlessly integrate them into their daily learning
activities.

*To ensure effective implementation and long-term use,
comprehensive training resources and ongoing user support are

\ ) essential.
(- )

* Teachers should be actively involved in the development of )
new digital tools to better understand their pedagogical needs
and the practical application of technology in the classroom.

*The system should offer flexible features that allow teachers to
adapt content and teaching strategies to the characteristics and
needs of different student groups. )

Creating user friendly tools

Focusing on pedagogical aspects

\. J

4 ) *Ethical considerations should be incorporated into every stage N\
of Al tools integration, with particular attention to the secure
handling of user data.

Ethical use and security * The integration of Al tools should facilitate teachers
discussions of ethical issues in the classroom, enabling in-
depth conversations with students about how to use such

\_ ) technologies responsibly and critically. Y,
” ™) )
*To understand their experience using the Al tools, it's necessary
Feedback analysis and improvements to systematically and continuously collect feedback from
teachers and students.
\. / J
4 N * Teachers should be encouraged to experiment and test Al tools )

applications in education through targeted funds, grants, or
other forms of institutional support.

Support for new approaches * A dedicated platform should be created to encourage the
exchange of experiences and best practices among teachers
who are actively integrating artificial intelligence into their

\_ Y, teaching. Yy,

Figure 2. Practical recommendations for the use of AIEd through the TPACK framework
Source: developed by the authors

Conclusion. The study holds significant importance for both theory and practice. Based on the
survey, it was found that most university students and teachers perceive Al as a modern tool that is
already being partially used in education. At the same time, they recognize the importance of its
integration but highlight considerable barriers and concerns. This explains the reserved positions of
some survey participants.

The scientific novelty of this study can be summarized in following key aspects:

First, within the context of the Kazakhstan education system, this study comprehensively
analyzes the integration of AIED through the TPACK framework.

Second, the study provides empirical data on the impact of Al tools on student performance,
participation, and learning outcomes.

Third, the study develops and tests a structured educational program aimed at integrating Al into
future teacher training.

Finally, the study offers practical suggestions to teachers and educational technology developers
on how to effectively and responsibly apply AIEd.

The primary obstacles to deeper AIEd integration into the educational process are identified as
insufficient skills and lack of adequate resources for effective use of AIEd. In addition, both students
and teachers express concerns about possible negative consequences, particularly regarding ethics
and security, as well as potential declines in learning effectiveness and critical thinking. Despite these
concerns, many teachers and students consider AIEd integration feasible, as they see its potential,
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especially in optimizing many elements of the educational process and reducing routine tasks that
distract teachers from their core mission of educating students.

The proposed Program is aimed at integrating AIEd through the TPACK framework. It includes
specific educational activities for students of pedagogical universities, with clearly defined goals,
content, and expected outcomes.

The research results obtained during the experiment confirm the hypothesis of the positive
impact of AIEd use on students’ academic performance, motivation, and quality of knowledge
acquisition. The experimental group demonstrated better results across all three parameters compared
to the improvements observed in the control group, which indicates the feasibility of integrating AIEd
under the conditions of TPACK.

The developed practical recommendations are intended to help educational technology
developers, in close collaboration with teachers, design programs that will enable more effective use
of artificial intelligence in their pedagogical work. These recommendations emphasize the need to
consider modern pedagogical approaches as well as the specifics of educational content in general
and individual academic disciplines in particular when implementing AIEd.

Funding Information. This article was prepared within the framework of the project «The use
of artificial intelligence to create educational content: opportunities and challenges for future
educators in the digital media space», funded by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (grant No AP26195083)
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KACAHABI THTEJUIEKTIHI BIJIIM BEPYJIE TPACK ITIPU3MACBHI APKbIJIbI
EHI'I3Y

Anoamna

Maxkamaga TPACK wmozenine HeriznmenreH »xacaHmbl wHTermiekTiHi (JKM) Oimim Oepy yaepiciHe eHTi3ymiH
epeKIeltikTepine OaiylaHbICTHI OipKaTap Maceseep KapacThpblulaibl. 3epTTey KeIeH/ Il CUIlaTKa ne xoHe Oinim Gepyne
K1 KommaHyAblH MYMKIHIOIKTEpI MEH IIeKTeylepiH aiikplHaayra, coHpmaii-ak oHel TPACK wmopmenmi apKpUisl
HMHTETpaIUsUIay epeKIIeNiKTepiH TalgayFa OaFbITTaIFaH.

JKymbic asceiana 6imiM 6epy camaceiaaa XKW men TPACK mopeniH KonaHyFa apHaIFaH 3aMaHayH 3epTTeyiepre
0Ty Kacaljpl. OJEMHIH TYKIIp-TYKImipiHAae OimiM Oepy camachlHOa JXacaHIbl HWHTEUIEKT KapKBIHIBI JKYy3ere
acelppiTyna. JKacaHapl MHTEIUICKTTI MaliAaaHyIbIH apTHIKIIBUIBIKTApEl OCNTiIeH i, OHBI OiliM Oepy opTachIHIa
OpTaJBIKTAHIBIPY KE3iH/e eCKepy KaxeT KehOip KakeTTi Ty KbIpbiMaap aram eTimmi. Makanana TPACK moneniHiH op
KOMITOHEHTIHIH KOHTEKCTIH/Ie KOJIIaHyAbIH Keibip epekuienikrepi kepcerinred. binim 6epy taxipudecinne XU carti
KOJITAHYABIH MBICAJIIaPbl KENTIPiJII.
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Cayannama Hotmxenepi JKU-ni TPACK mopeni apkpuisl 6itiM Oepy yzepiciHe MHTerpauusuiayra OainaHbICTHI
MYMKIHIIIKTEp MEH MpoOiieManap/pl aHbIKTayFa MYMKIHJIK Oep/i. Atam aiiTkanna, ctyaeHTrepain KW MymkiHmikrepi
Typanbl XaOapIapibIFbl IeJarorrapra KaparaHia >KOFapbhl €KeHi, ajl IeJarorTapiblH KociOm OlmiMaepiHe JereH
ceHiMIiiri kebipek exeri 6enrimi 6onasl. Conpaii-ax JKU-ai Oinim Oepy Toxipubecinme KoianaHyFa ilmiHapa TaibIHABIK,
HETI3Ti Kefepriiep jkoHe OoJamaKTa OHbl TYPHIC CHTI3TeH JKaFaaiia THIMIUTITIHE JeTeH CeHIM aHBIKTaJIBL.

Maxamaga TPACK momen TyprBICBIHAH >KacaHABl WHTEIUIEKTiHI OimiM Oepy »KyleciHe eHrily OargapiaMacsh
YCBIHBUINBL. OJKchepuMeHT HoTmkenepi KW KonmaHyINBIH CTYACHTTEpAIH YJArepiMiHe, MOTHBAIMACBIHA >KOHE
MaTepHaIbl MEHIepy calachblHa OH ocep eTeTiHi Typaisl runoTte3ansl pactansl, Oyn TPACK mozeni sxarmaiterana JXKM-
Ii OimiM Gepy ylepiciHe HHTeTpanusIay IbIH MaKcaTKa cail eKeHiH IoenIeimi.

OKBITY TEXHOJIOTHSUIAPBIH o3ipJeylIiyiepre apHaiFaH MpPaKTHKAJIbIK YCBIHBIMAAp JMaibIHIAbIN, MYHIal
LIeMIMAEp/l KYpy KoHe eHTi3y Ke3eHIH/Ie MeJarorTapMeH THIFbI3 BIHTBIMAKTACTHIK OPHATY Ka)XKETTIIIr KOpCeTim.

Tyuinoi co30ep: xacaHnpl HHTEIEKT, Oinim Oepy, TPACK mopeni, 6iiM Oepy KOHTEHTI, JKacaHIbl HHTEJJICKTTI
HHTErpanusiiay, JKacaH/ bl HHTEJUICKT KypaJlaapbl, Ma3MYH/IbI OiiTy.
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BHEJIPEHUE UCKYCCTBEHHOI'O HHTEJUIEKTA B OBPA3OBAHUE
YEPE3 IIPU3MY TPACK

Annomayus

B cratbe paccmarpuBaeTcsi KOMILUIEKC BOIPOCOB, CBSI3aHHBIX C OCOOCHHOCTSIMH BHEAPEHUS! HMCKYCCTBEHHOTO
unteiekta (M) B oOpa3oBarenbHblii mporiece Ha ocHoBe Momenu TPACK. MccnemoBanne HOCHUT KOMILICKCHBIH
XapakTep ¥ HalpaBJeHO Ha BBISBICHHE BO3MOYKHOCTEH M OrpaHuueHni ncnosib3oBanus U B oOpazoBaHuu, a Takke Ha
aHaJN3 0COOCHHOCTEH ero HTerpauu nocpeactsom moaenn TPACK.

B pamxkax paboTbl nmpoBenieH 0030p COBPEMEHHBIX HCCIEAOBaHU, MOCBAIIEHHBIX npuMmeneHnto MU n monenun
TPACK B obpasoBatensHOl chepe. I OpicTpo BHenmpsieTcss B 00pa3oBaHME B Pa3IMIHBIX YACTSX MHpPA. BBISBICHBI
IpenMyIecTBa ucrosbs3osanust MU u n3inoxeHsl HEeKOTOpble HE0OXO0AMMBIE BBIBO/IBI, KOTOPBIE CIIEYeT YUUTHIBATh MIPU
ero LEHTpaIM3alKi B 00pa3oBaTesibHOM cpene. B crarbe pacKphITBI HEKOTOPHIE OCOOEHHOCTH €ro NMpPUMEHEHHS B
KOHTEKCTe KaxJoro u3 komnonentoB Moaenu TPACK. IlpencraBieHsl npuMepbl yCIEHOro ucnoib3oBanus MU B
00pa3zoBaTesbHOI MPaKTHKE.

Pe3ynpTaTthl Oompoca MO3BOJIMIM BBIIBUTH BO3MOXKHOCTH U TPOOJIeMbl, CBsi3aHHbIE C wuHTerpauueii MU B
oOpasoBarenbHbI mporiecc yepe3 moaenb TPACK. B yacTHOCTH, YCTAaHOBJICHO, YTO CTYJCHTHI IEMOHCTPUPYIOT OoJiee
BBICOKUH YPOBEHb OCBEIOMIIEHHOCTH O BO3MOXHOCTsSX MM mo cpaBHeHMIO C TeJarorami, TOrJa Kak ITOCIIEIHUE
MOKa3bIBAIOT O0Jiee BBICOKUI YPOBEHb YBEPEHHOCTH B CBOMX MPO(ECCHOHANIBHBIX 3HAHUAX. TaKKe BhISBICHA YaCTUYHAS
TOTOBHOCTh K HcHoib3oBaHui0O MU B o0pa3oBaTenbHOM IpaKTHKE, OCHOBHBIE Oapbephl, a TaKXe YBEPECHHOCTH
pecrionieHToB B 3ddexruBroctn NN npu ero npaBHiIbHOM BHEAPEHUH B Oy IyIIEM.

B craTtpe mpemnoskeHa mporpamma BHeapeHus M B oOpa3oBanue uepes mpusmy monenun TPACK. Pesynbprarsr
9KCIEPUMEHTA NOATBEPAMIN THIIOTE3Y O MOJ0XKUTEIBHOM BIMSHUY Hcnoab3oBanus MU Ha ycrieBaeMOCTb, MOTUBALIMIO
1 Ka4eCTBO YCBOCHUS MaTepralla CTyICHTaMH 3KCIIEpUMEHTAIBHON IPYIIITBI, YTO CBUIETEIBLCTBYET O LIENIECO00Pa3HOCTH
unrerpanuu M B o6pasoBatenbHbIi nporecc ¢ yueroMm ycnoBuit mogenn TPACK.

PazpaboTansl  IpakTHYeCKME  PEKOMEHAAMHM sl pa3paboTuMkoB  00pa3oBaTENbHBIX  TEXHOJIOTHH,
MIPEIOIarafonIre TeCHOe COTPYIHIMYECTBO C ITearoraMu Ha dTare CO3JaHNs U BHEPEHH MTOJO0OHBIX PeIICHUH.

Kniouegvle cnosa: MCKYCCTBEHHBIN WHTEIUIEKT, oOpazoBanme, moaenb TPACK, oOGpa3oBaTenbHBI KOHTEHT,
naTerpanus MY, nHCTpyMEHTHI HCKYCCTBEHHOTO WHTEJUIEKTa, 3HAHNE KOHTEHTA.
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