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Abstract. The study aims to determine the role of intelligent agents in
personalizing the educational process and improving the quality of education. The
purpose of the article is to analyze the advantages, challenges, and barriers to
introducing artificial intelligence in the educational sphere and to develop
recommendations for its integration into the modern educational system.

Methods: To achieve this goal, content analysis, comparative analysis of
scientific approaches to introducing artificial intelligence in the educational process,
and systematization of modern educational innovations were used.

Results: The study found that intelligent agents help to adapt educational
content to the needs of each student, increasing motivation and quality of learning. In
particular, integrating virtual tutors and automating routine tasks significantly
reduces teachers' workload, allowing them to focus on the creative aspects of their
work. In addition, the introduction of artificial intelligence technologies is effective in
creating interactive learning environments that stimulate the development of students’

critical thinking and creativity. At the same time, key barriers have been identified:
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high financial costs, technical difficulties, ethical challenges, and insufficient training
of teachers in the use of new technologies. The recommendations developed include
creating national strategies to support artificial intelligence, modernization of
infrastructure, specialized training for teachers, and implementing grant programs.

Conclusions: The findings confirm artificial intelligence's significant potential
to improve the quality of education. At the same time, technical, financial, and
organizational challenges must be considered to ensure the effective integration of
technology into the educational process. Further research should be devoted to
analyzing the long-term impact of artificial intelligence on students’' critical thinking
and cognitive abilities and the motivational aspects of pedagogical activity in the
context of automated educational processes.

Keywords: personalization of learning, artificial intelligent agents, innovative

technologies, education automation, ethical challenges, teacher motivation.

Poab iHTeIeKTYaJILHUX AreHTIB y NIepCOHAMI3alil OCBITHBOIO MpoLecy Ta

NiBHINEHHI IKOCTI OCBITH

Xoaopkoscbkuit QJiekcanap AHATOJIIHOBUY

CEO, https://orcid.org/0009-0007-4242-3625

Anomauia. Jlocniodcenns cnpsamosane Ha GUSHAYEHHs POl IHMeeKMYanlbHUX
aceHmie y nepcoHanizayii 0ceimHb020 npoyecy ma HNiOGUWEHHI SAKOCMI OCBIMmu.
Memorw cmammi € ananiz nepegae, UKIUKIE ma 6ap €pie YNPOBAONCEHHS UMYYHO2O0
iHmenekmy 6 OC8ImMHIO cqhepy, a MaKoxtc po3poONeHHS PEeKOMEeHOAyill Wooo U020
IHmezpayii 8 Cy4acHy OCGIMHIO CUCTNEM).

Memoou: 0ns OocsicHeHHsI NOCMABLEHOI Memu GUKOPUCMAHO Memoou
KOHMEeHM-aHani3y, NOPIBHANIbHO20 AHANI3Y HAYKOBUX NIiOX00I8 00 BNPOBAOINCEHHS
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WMYYHO20 IHMeNeKm)y 6 OCG8IMHIU npoyec, d MAaKoiC Cucmemamusayii cy4acHux
iHHo8ayiu y cgepi oceimu.

Pesynomamu: 0ocniodxcenHs us8uno, wo iHmeNeKmyaibti a2eHnmu Cnpusiiomy
aoanmayii  0C8IMHLO20 KOHMEHmY 00 nomped KOMCHO20 3000y8aua O0cC8imu,
RIOBUWYIOUU MOMUBAYIIO MA AKICMb HABYAHHA. 30Kpema, iHmezpayis 6ipmyaibHUx
penemumopie ma asmoMamu3ayiss. pPYMUHHUX 3A60aHb  3HAYHO  3HUMNCYIOMDb
HABAHMANCEHHS HA BUKIAO0AYI8, 00380JIAII0UU IM 30CEpeOUmuUcs Ha MEopuUx AdcneKxmax
pobomu. Kpim moeo, 6npoaodxicents mexHol02il WmyyHo20 IHmMeneKmy HOKA3aL0
eghekmugHicmb y CMEOPEHHI IHMepaKmMuUBHUX OCBIMHIX cepedosull, Ki CIUMYII0I0Nb
PO36UMOK KPUMUYHO20 MUCTIEHHA | meopyux 30ioHocmeli 3000y8auie oceimu.
Boounouac euseneno xnwouosi 6ap’epu: 6ucoki Ginancosi eumpamu, MeXHIUHI
MpyOHOWi, emuyHi BUKIUKU Ma HeO0OCmAamus Ni020moeKa neoazozie 0o
BUKOPUCAHHS HOBUX MeXHO02il. Po3pobneni pexomenoayii 6k10uaroms cmeopeHHs
HAYIOHANbHUX ~cmpame2iil  NIOMPUMKU — WMYYHO20 [IHMeNeKmy, MOOepHI3ayito
iHppacmpykmypu, cneyianizosani mpeHiHeu OJisl 8UKIA0Ayi8 ma BHPOBAONCEHHS.
2PAHMOBUX NPOCPAM.

Bucnosku: ompumani pezyromamu niOmeepo’cyioms 3HAYHUU NOMeHYIal
Wmy4Ho20 iHmenexmy 6 niosuujeHui axocmi oceimu. Boonouac ons 3a6e3neyenus
eghekmugHoi inmezpayii mexuHono2iti 6 0C8ImHil npoyec HeobOXIOHO B8paxo8ysamu
mexHiuni, hinancosi ma opeauizayitini euxauxu. Ilooanvui 00CHiONCEHHs MaOmo
Oymu npuceaueHi amanizy 00820CMPOKOBO20 GNIAUBY WMYHUHO20 IHMENeKmy Hda
PO36UMOK KPUMUYHO20 MUCIIEHHS MA KOSHIMUBHUX 30i0HOCmell 3000y68auis ocgimu, a
MAaKoM#C MOMUBAYTUHUX ACNEKMi8 neda2o2iyHoi OisIbHOCMI 8 YMOBAX ABMOMAMU3AYL]
OCBIMHIX NPOYECIS.

Knwuosi cnoea: nepcounanizayia HAGUAHHA, IHMENEKMYAIbHI  aA2eHmU,
IHHOBAYIUHI MEXHON02ll, aA8MOMAMU3ayis OCe8imu, emudHi GUKIUKU, MOMUBAYLs
BUKIAOAYISB.
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Problem statement. Innovations in education are central to modern society,
which is actively changing under the influence of digital transformation. The use of
artificial intelligence in the educational process is of particular interest, as its
personalization capabilities can significantly improve the quality of education.
Intelligent agents can adapt educational content to each student's individual needs and
abilities, creating conditions for more effective knowledge acquisition and competence
development [1, p. 650; 2].

Intelligent agents (IAs) are software systems that use machine learning
algorithms, neural networks, and data processing to perform tasks related to analysis,
decision-making, and process automation in various fields, including education. In the
educational process, such agents can be virtual tutors, automatic assessment systems,
or platforms for creating personalized learning paths [3, p. 530-531; 4].

The modern education system faces numerous challenges, including mass
enrolment, multi-level composition of student groups, insufficient qualified teachers,
and the need to ensure access to quality education for different socio-economic groups.
In this context, the introduction of Al agents is a tool for optimizing the educational
process and as a means of solving global educational problems.

The relevance of studying the role of artificial intelligence in personalizing
learning is also driven by the rapid development of technologies that provide new
opportunities for analyzing large amounts of data, automating routine processes, and
creating interactive learning environments. This opens up prospects for a deeper
understanding of the impact of artificial intelligence on the quality of education and its
role in shaping the educational space of the future. The key aspects of this topic are to
study the role of artificial intelligence in developing an individual approach to learning

and ensuring access to education and identify the challenges and risks associated with
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introducing these technologies. Thus, studying this topic is extremely important for the
scientific community, educational institutions, and society.

Analysis of the latest research and publications. Personalization of the
educational process with the help of artificial intelligence is one of the key areas of
modern pedagogical research. In particular, O. Papach, O. Horohorodankina, and G.
Rizak [5, p. 5] study the possibilities of a differentiated approach to learning by
adapting educational content to the individual needs of higher education students but
do not sufficiently reveal the aspects of the long-term impact of such technologies on
the quality of learning and the role of the teacher.

The problem of technical barriers and financial constraints is also widely studied.
L. Bashkirova, O. Gruzevskyi, and Y. Tyravska [6, p. 1029] analyze the combination
of artificial intelligence and virtual reality, which, despite its high potential in medical
education, has significant financial problems that hinder its large-scale application.
Similarly, S. Sichkar and I. Denysiuk [7, p. 352] consider the technical difficulties of
introducing artificial intelligence into educational institutions, including the need to
adapt the infrastructure and high costs. It is worth noting that these studies do not
sufficiently consider possible strategies for overcoming such barriers.

Ethical challenges and the problem of training teachers to work with innovative
technologies are other vital research areas. V. Motorina, G. Rizak, and I. Nebelenchuk
[8, p. 944] point to the need to regulate the privacy of data of higher education students,
but the study does not offer clear recommendations on the legal regulation of such
aspects. L. Iliychuk [9, p. 240] focuses on the lack of training of teachers in the use of
artificial intelligence, which limits the effectiveness of these technologies. Similar
attention is paid to this topic by J. Kim, H. Lee, and Y. Cho [10, p. 6071], who
emphasize the importance of integrating the collaboration of teachers and artificial
intelligence into pedagogical practice. At the same time, the works of scientists do not
consider motivating teachers to use the latest technologies.
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Integrating innovations into the educational process is also the subject of
numerous studies. D. Kalko, T. Sichko, and I. Senyk [11, p. 666] analyze methods of
optimizing the educational process, including automation of routine tasks, but do not
consider the impact of such innovations on the development of critical thinking of
higher education students. The study of prospects and development strategies is also
an important area. T. Tardaskina [12, p. 94] focuses on the digital transformation of
education, while A. KlaSnja-Mili¢evi¢ and M. Ivanovi¢ [13, p. 6715] consider the
sustainability of personalised learning systems. However, neither study sufficiently
addresses the problems of integrating these innovations into the traditional education
system. O. Grachev [14, p. 823] provides a global overview of the role of artificial
intelligence in social and economic systems, including education, but leaves out
specific challenges at the local level.

I. Nepomniashcha [15, p. 966] studies the impact of interactive technologies on
the involvement of higher education students in online learning, emphasizing their
importance for improving educational outcomes. Y. Luchko [16, p. 1364] analyses the
use of artificial intelligence in higher education research, focusing on its potential for
data optimization. M. Ili¢ and his co-authors [17, p. 14907] provide an overview of
intelligent technologies in e-learning, but the question of their long-term impact on the
educational system remains open.

Thus, existing research largely highlights artificial intelligence's potential for
personalizing the educational process but insufficiently covers its introduction into
mass education, its long-term impact on the quality of learning, and the training
problems for its use.

Identification of previously unsolved parts of the overall problem Despite
significant progress in using artificial intelligence in education, some problems remain
unresolved. One is making such technologies accessible to a wide range of educational
institutions. High financial costs and limited resources make introducing artificial
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intelligence into mass education challenging, especially in regions with insufficient
infrastructure.

Another critical issue is the adaptation of educational institutions to work with
new technologies. The lack of technical support and trained specialists to support
artificial intelligence systems are becoming serious barriers that require a
comprehensive approach to overcome them. A critical issue is the training of teachers
in the use of innovative technologies. Teachers' lack of sufficient knowledge and skills
in working with artificial intelligence can significantly reduce the effectiveness of these
technologies. Professional development programs are needed to help teachers adapt to
the new learning environment. Also, the impact of automating routine tasks on the
development of cognitive abilities of higher education students remains poorly
understood. Integrating artificial intelligence into the educational process should
consider not only technical advantages but also long-term consequences for the
development of students' critical thinking and creativity. The above aspects form the
basis for further research and the proposal of solutions to integrate artificial intelligence
into educational practice effectively.

Formulation of the article's objectives. The article aims to study the role of
intelligent agents in personalizing the educational process and improving the quality of
education. It also aims to develop practical recommendations for their integration into
the modern educational system.

To achieve this goal, the following tasks were formulated:

1) To analyze scientific and methodological approaches to the use of artificial
intelligence in the educational process. The aim is to study existing methods of
integrating artificial intelligence into education, in particular, to adapt educational
materials to the individual needs of higher education students, which will allow the

identification of the strengths and weaknesses of such approaches;
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2) To explore the key challenges and barriers to introducing artificial intelligence
in education. Particular attention will be paid to the analysis of technical, financial,
ethical, and organizational problems that complicate the introduction of artificial
intelligence in educational institutions, which will allow the formulation of reasonable
proposals for their solution;

3) Develop recommendations for integrating artificial intelligence into the
modern educational process. Based on the analysis, practical solutions, including
teacher training, infrastructure adaptation, and technology accessibility, will be
proposed to improve the efficiency of using artificial intelligence in education.

The objectives provide a comprehensive approach to studying the topic, focusing
on both theoretical aspects and practical implementation. This will significantly
contribute to the development of modern pedagogy and provide an innovative approach
to improving the quality of education.

Summary of the main research material. Intelligent agents play an essential
role in creating conditions for personalized learning. These technologies ensure the
adaptation of educational content to the individual needs of each student, which can
significantly improve the efficiency of the educational process. For example, artificial
intelligence systems analyze data on a student's results, learning style, and progress and
then create an individual learning plan.

The integration of artificial intelligence into education is based on methods of
adapting learning materials to the individual needs of higher education students. The
first approach involves the use of machine learning algorithms. For example, learning
personalization systems analyze a student's progress and offer materials that meet their
needs and level of knowledge. Research confirms that such systems improve learning
effectiveness, but their use is limited by the need for significant data for analysis and

high implementation costs [1, p. 639-640].
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The second approach involves virtual tutors that provide real-time support to
higher education students. These systems explain complex concepts through
interactive modules and adapt learning materials based on the student's performance
[2]. Despite the benefits associated with the availability of information, virtual tutors
face technical integration challenges and limitations in terms of software quality.

The third approach focuses on automating routine tasks such as grading, creating
curricula, and managing administrative processes. Automation allows for the reduction
teachers' workload and facilitates concentration on creative and pedagogical aspects of
work [3, p. 530-531; 18]. At the same time, the risk of bias in algorithms remains a
significant challenge to the effectiveness of these solutions. For a detailed
understanding of the strengths and weaknesses of the analyzed approaches, Table 1 is

presented.
Table 1

Advantages and limitations of scientific and methodological approaches to

integrating artificial intelligence into the educational process

seoiie aqd Main advantages Restrictions
methodological approach
Individualization of the
educational process in The need to collect and analyze
. . accordance with the needs of large amounts of personal data
Adaptation of training
. the student
materials Increasing the level of
icreasing High development and
motivation and engagement . .
implementation costs
of students
The ability to get help in real Dependence on stable internet
time access and software quality
irtual tut i i e . . .
Virtual tutors Expanding access to leamlng Limitations in complex interactive
regardless of geographic
: tasks
location
Reducing the workload of Possibility of algorithmic bias in
Automation of routine teachers the assessment.
tasks Optimising the management Lack of transparency in the
of educational processes functioning of automated systems

Source: compiled by the authors based on data from [1; 2; 3; 18].
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OpenAl technologies offer new perspectives for interactive learning, particularly
through integrating artificial intelligence into the meta-universe [19]. This allows for
creating virtual environments that increase the engagement of higher education
students and make it possible to adapt the educational process to their individual needs.
For example, virtual learning spaces provide access to interactive resources regardless
of geographical location, which is an important step toward democratizing education.
Scientific and methodological approaches to using artificial intelligence in education
demonstrate a high potential for improving the quality of learning and optimizing
educational processes. At the same time, significant costs, technical barriers, and
ethical challenges remain key constraints.

At the current stage, the introduction of artificial intelligence in education faces
a number of challenges that can be divided into technical, financial, ethical, and
organizational. Their systematization 1S necessary to develop practical
recommendations for overcoming these barriers.

The technical infrastructure of educational institutions is one of the key
constraints to introducing artificial intelligence, as insufficient computer equipment,
low Internet speed, and lack of specialized software hinder this process. Technical
requirements for integrating innovative technologies remain high, limiting many
educational institutions' ability to effectively use modern solutions [19; 20]. It is also
worth noting the difficulty of integrating artificial intelligence into existing educational
platforms due to insufficient technology compatibility.

Another significant barrier 1s the high cost of implementing artificial
intelligence. For example, only large educational institutions can afford to purchase
and maintain software, train staff, and upgrade infrastructure [8, p. 944]. Lack of
funding limits access to these technologies in regional and rural schools, leading to
inequality in opportunities for quality education. It is predicted that by 2027, the size
of the artificial intelligence market will reach $407 billion [20].
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Ethical aspects of Al implementation include data privacy issues, risks of
algorithmic bias, and lack of transparency in decision-making. In 2024, 83% of
organizations worldwide identified data privacy as a priority challenge for
implementing artificial intelligence [20]. This underscores the need to develop clear
ethical standards and policies to protect the privacy and transparency of algorithms.
Using personal data in educational processes using artificial intelligence raises
significant concerns among higher education students and teachers, underscoring the
need for clear data protection standards.

Organizational barriers include insufficient training of teaching staff to work
with new technologies and low motivation to use artificial intelligence [9, p. 232].
There is also a need to create a national strategy for introducing artificial intelligence
in education that will consider regional peculiarities.

Fig. 1 shows the key challenges of introducing artificial intelligence into

education, illustrating the main limitations and possible ways to overcome them.

Lack of necessary infrastructure, low compatibility

High cost of implementation

Data protection, algorithmic bias

Poor staff training, lack of a national strategy
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Fig. 1. Key challenges of introducing artificial intelligence into the educational
process

Source: compiled by the authors based on data from [6; 7; 8; 9; 10; 13].

Al-based tools such as ChatGPT have become a revolutionary step in education
[2]. They provide students with the opportunity to get answers to questions and
explanations of complex topics in real-time. This promotes critical thinking and a
deeper understanding of the material and allows students to work independently with
the support of technology. Adapting educational institutions and teachers to new
technologies is a prerequisite for effectively integrating artificial intelligence into the
educational process. This includes training teachers to use the latest tools, developing
new teaching methods, and providing access to modern technologies for all students,
even those from remote regions. This approach guarantees equal opportunities in the
face of technological change.

Integrating artificial intelligence into the educational process is an important step
toward modernizing the education system. This goal aims to improve the quality of
education and access to modern technologies. In today's world, technological
innovations play a key role in shaping knowledge and competencies, so introducing
artificial intelligence is becoming both an opportunity and a necessity.

One key condition for successfully integrating artificial intelligence into
education is the training of teaching staff. Most teachers do not currently have the
necessary skills to work with innovative technologies, including artificial intelligence,
which points to the need for specialized training and professional development
programs focused on the practical use of technology. Particular attention should be
paid to training in using learning platforms adapted to artificial intelligence.

The integration of artificial intelligence requires modernizing the technical base
of educational institutions that face technical barriers to introducing innovative
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technologies, including underdeveloped infrastructure. It is recommended that an audit
of the technical condition of academic institutions is conducted and that centralized
support programs be created to upgrade equipment. Particular attention should be paid
to ensuring the supply of high-speed Internet, which is critical for operating artificial
intelligence systems.

Financing is one of the key barriers to the adoption of artificial intelligence. It is
expected that from 2023 to 2030, industries related to such technologies will grow at
an average annual rate of 37.3%, which highlights the rapid development of artificial
intelligence and its impact on various sectors of the economy [20]. This data confirms
the importance of integrating artificial intelligence into the educational process, as
training specialists capable of working with the latest technologies are becoming
critical to meeting the needs of the labor market. To overcome financial constraints, it
is recommended that grant programs be created for educational institutions to support
the integration of artificial intelligence. It 1s also necessary to ensure equal access to
such technologies in urban and rural schools through public funding and the
involvement of private investors.

Among the successful examples of artificial intelligence integration is the use of
virtual tutors, which ensure the adaptation of educational content to the needs of higher
education students, promote their engagement, and increase the overall learning
effectiveness [3, p. 530-531]. To optimize the use of artificial intelligence, it is
recommended that a national strategy be developed that includes a phased plan for
introducing technologies, including creating pilot projects in educational institutions
of different levels. The proposed recommendations for integrating artificial
intelligence into education will help improve the educational process's efficiency by
ensuring equal access to modern tools for all participants.

Conclusions. The study's results emphasize the importance of introducing
artificial intelligence into the educational process. This allows for a personalized
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approach to learning and improves the quality of education. Intelligent agents
demonstrate significant potential in creating individual learning paths, automating
routine tasks, and supporting teachers, ensuring effective adaptation of educational
content to students' needs.

The study also identified key challenges to integrating Al, including technical,
financial, ethical, and organizational barriers. The high cost of technology adoption,
insufficient technical infrastructure, and poor teacher training pose serious obstacles to
the large-scale use of Al in education. Ethical concerns, such as data privacy and
algorithmic bias, require the development of clear Standards and policies.

The proposed recommendations for integrating artificial intelligence include
specialized training for teachers, modernizing the infrastructure of educational
institutions, creating national support strategies, and implementing grant programs.
Innovative technologies are important for making education accessible even in remote
regions.

Despite the results achieved, the study demonstrates the need for further research
on the long-term impact of artificial intelligence on the development of students'
critical thinking, cognitive abilities, and creative skills. The issue of teachers'
motivation to use the latest technologies and the impact of automation on their
professional activities also requires further analysis.

The study's findings confirm the achievement of the set goals while outlining
areas for further research that will contribute to the effective integration of artificial
intelligence into the educational process and ensure the sustainable development of
education.
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