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Abstract. The relevance of this study stems from the rapid integration of
personalized educational technologies based on artificial intelligence (Al), which
fundamentally reshape the interaction structure between learners, educators, and
the learning environment. Despite the significant potential of individualized
learning trajectories, there is growing concern about cognitive and psychological
risks, including the decline of critical thinking, dependency on algorithmic prompts
during task execution, and social isolation resulting from the automation of
educational regulation. These issues necessitate a systematic analysis of the effects
of such Al-based solutions, taking into account ethical, pedagogical, and
technological factors. The article aims to identify the potential and limitations of
using Al technologies in personalized learning in terms of supporting cognitive
development, preserving learner autonomy, and ensuring psychological safety in
education. Methodology. The study employs a comprehensive approach, combining
a systematic review of scientific sources, a typological classification of personalized
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learning platforms, a structural-functional analysis of educational outcomes, and
an examination of issues related to the implementation of Al in schools and higher
education. Particular attention is paid to the transformation of pedagogical
interactions, the cognitive effects of adaptive systems, and the ethical risks of
automated decision-making. Results. The study finds that Al systems can enhance
cognitive flexibility, metacognition, and learners’ self-organization skills. However,
in the absence of appropriate pedagogical moderation, they may lead to reduced
independence, disruption of learning balance, and loss of motivation. The structural
barriers to implementing personalized Al solutions are identified, including
technological limitations, algorithmic opacity, poor integration into local
educational contexts, and insufficient methodological readiness of educators.
Conclusions. The effective integration of Al in education requires a flexible,
pedagogy-driven design, transparent algorithmic architecture, and a balanced
combination of individual and social learning components. Al should serve not as a
replacement for teachers, but as a tool for fostering thinking, reflection, and
responsible learner autonomy. Future research should focus on empirical studies of
the long-term impact of Al platforms on learning motivation, self-regulation,
psychological well-being, and inclusivity in education, as well as on the development
of ethical protocols for algorithmic interaction in the learning process.

Keywords: individualized learning pathways, learner autonomy, adaptive

platforms, algorithmic ethics, digital learning environment.
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Anomauia.  AxmyanvHicms — OOCNIOMNCEHHS  3YMOBIEHO  CHPIMKUM
VNPOBAONCEHHAM NEPCOHANIZ08AHUX OCGIMHIX MEXHOJO2I HA OCHOBI UWMYYHO2O0
inmenexmy (LLll), wo OOKOpiHHO 3MIHIOIOMb CMPYKMYPY 63AEMOOIL  MiddC
3000y8auem oceimu, neoazoecom i HaguarbHum cepedosuwjem. llonpu 3naunuil
nomeHyian iHOUGIOyanizayii 0CeimMHIX MpAcKmMopitl, 3p0CMAe 3aHeNnOKOEHHS W00
KOCHIMUBHUX [ NCUXOJIOIYHUX PUSUKIB, 30KPEMA Yepe3 3HUNCEHHS PIGHS KDUMUYHO20
MUCTEHHSl, (DOPMYBAHHA 3ANEHCHOCMI 8I0 ANCOPUMMIYHUX NIOKA30K NI 4ac
BUKOHAHHS ~ HABUANbHUX  3A60aHb  mMdAd  COYIANbHOI  [30/AYii  6HACAIOOK
ABMOMAMU308AH0O20 pPe2YNI08AHHS 0C8IMHb020 npoyecy. Lle 3ymosnoe nompebdy &
cucmemMHoMy ananisi eghexmie 3acmocyeanns LlI-piviens 3 ypaxysauuam emuyHux,
neodazo2ivHux i mexHoN02iYHUX YuHHUKie. Memoro cmammi € 8UsI6IeHH NOMEHYIANY
ma obmedicenv suxopucmanns LllI-mexnonozcii y nepconanizoeaHomy HAGYaAHHI 3
nO3UYil NIOMPUMKU KOSHIMUBHO20 PO3BUMKY, 30epedCceH s Ha84albHOI a8MOHOMIL
ma 3abe3nedyeHHs NcuxosociuHoi besneku 3000y8auie oceimu. Memoodonozis.
3acmocogeano KomnieKcHull nioXio, WO NOEOHYE CUCMEMHUU aHANI3 HAYKOBUX
oofcepenl, munoo2izayito niam@opm nepcoHali308aH020 HAGYAHHS, CMPYKMYPHO-
@yHKYyiOHanbHULL aHaniz oceimHuix egexkmis i npobdnem enpogadxcenns LI y
cepeonill i suwil oceimi. Y okyci pozensidy - mpaucgopmayisa neoazoiuHux
83A€MOOIll, KOCHIMUBHULL GNIUE AOANMUBHUX CUCMEM ma emudHi pu3uKu

asmomamu3oeanux piuienv. Pezynomamu. Bcmanoeneno, wo LI-cucmemu 30ammi
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NOCUNIOBAMU  KOSHIMUBHY — 2HYUKICMb, MEMmAanizHaHHs ma 30amuicms 00
camoopeanizayii 3000ysauieé oceimu, npome 3a GIOCYMHOCMI HANEHCHO2O
neodazo2iuHo2o0 Mo0epamopa MONCYmb CHAPUHUHAMU 3HUNCEHHS CAMOCMIUHOCHI,
NOPYUWEHHS HABYUANbHO20 OANAHCY ma empamy momusayii. Buseneno cmpyxkmypHi
bap epu enposadicents nepconanizosanux L I-piwens: mexnono2iuni oomedxcenns,
Henpo30picms  al2oOpummis, HeOOCMAmHIO [Hme2payito 68 JIOKANbHI OCBIMHI
KOHMeKCmu, a makoxc CcaaoKy MemooudyHy nio2omoeGieHicmsb 6UKIadayis.
Bucnoeku. Jlogeoeno, wo epexmusne enposadcenns LI 6 oceimy nompebye
2HYYKO020, Neda202iyHO Kepo8aHo20 OU3AUHY, 8I0KpUMOI apXimeKmypu aneopummis
[ NOEOHAHHS THOUBIOYATILHO20 MA COYIAIbHO20 Komnonenmis. LIl mae ciyeyeamu ne
3aMIiHOI0 8UUMeENsl, A IHCMPYMEHMOM RIOMPUMKU PO3GUMK)Y MUCIEHHS, pedaekcii
ma 8i0nogioanbHoi asmonomii 3006ysaua ocsimu. llepcnekmugnumu € emMnipudti
00CNIOIHCEHHST 00820CMPOK06020 6naugy LlII-niampopm na naguaneny momusayiro,
30amHicmb 00 camopeynayii, NCUXONO2IYHUL KOoM@Oopm ma IHKIIO3UGHICHb
0CBIMHLO20  Ccepedosuwa, a MmMAaKodHc po3podOKA  emUuyHuUx  NnpoOmMoKOJi8
aAnoOpUMMIYHOL 83AEMOOIL 8 OCBImI.

Knwuoei cnoea: inousioyanizosani oceimHi mMpacKkmopii, HA8YAIbHA
CAMOCMIUHICMb, A0ANMUBHI NIAM@BOPMU, ANOPUMMIYHA emUKa, Yyugpoese oceimue

cepedosuuye.

Problem statement. The rapid introduction of artificial intelligence (Al)
technologies into the educational sphere is leading to fundamental changes in
approaches to organizing the educational process, particularly in aspects of
personalizing educational trajectories for education seekers. The transition from
unified learning models to adaptive systems that take into account the individual
characteristics of the education seeker is perceived as a strategically important

direction in the development of modern education. However, despite the undeniable
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advantages of the personalized approach, including increased motivation for
learning, better matching of content to individual needs, and timely identification of
knowledge gaps, questions about potential cognitive and psychological risks are
being increasingly raised. In particular, we are referring to the excessive
algorithmization of cognitive processes, a decline in critical thinking, and the
development of dependence on recommendatory logic, which can result in a
restriction of intellectual autonomy among education seekers.

In this context, the relevance of the study lies in the need for a conceptual
rethinking of the relationship between adaptive educational systems based on Al and
the formation of sustainable cognitive skills. The issue of psychological safety for
education seekers in the digital educational environment is also of particular
importance, particularly in terms of overload, emotional burnout, and loss of
meaning in learning under conditions of constant individualization. The problem of
balancing technological efficiency with the preservation of holistic personal
development becomes not only theoretical, but also practical, as it directly affects
the content of educational policies, teacher training, the choice of digital solutions,
and the design of educational platform interfaces. That is why there is a need for a
comprehensive analysis of both the advantages and limitations of using Al in
education, taking into account not only didactic, but also cognitive and
psychological factors.

Analysis of recent research and publications. Analysis of modern research
on the implementation of Al in education allows us to identify four key scientific
directions that reveal both the potential of personalized learning and the associated
cognitive and psychological risks.

The first direction is related to the implementation of Al in the development
of individualized educational trajectories and adaptive learning environments. The

work of K. K. Yakkala substantiates that combining Al and virtual reality opens up
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opportunities for the flexible customization of educational content according to the
needs of each student, which significantly increases the effectiveness of learning in
a digital environment [1]. Similar approaches are implemented in the study by
C. F. Mahmoud and J. T. Serensen, where personalized learning is considered the
result of the interaction between algorithmic adaptation, learning analytics, and the
student’s cognitive profile [2]. In the article of O. O. Ayeni et al., Al tools contribute
to the creation of personalized learning experiences in educational ecosystems,
particularly through dynamic content management and adaptive assessment [3].
C. Halkiopoulos and E. Gkintoni emphasize the importance of cognitive
neuropsychology in building adaptive learning systems, where Al acts as a mediator
between the level of development of cognitive skills and the complexity of
educational material [4]. The study by I. Vorotnikova, O. Dzyabenko, and N. Morse
identifies the main scenarios for implementing personalized learning in higher
education in Ukraine, where Al provides targeted support to students based on multi-
level diagnostics of their educational needs [5]. A promising direction for further
research is the development of hybrid educational environments that combine Al,
elements of gamification, and monitoring of students’ emotional states to achieve a
high level of personalization.

The second direction includes research that examines the cognitive risks and
psychological effects of AI’s impact on the educational process. The work of B. Jose
et al. analyzed the phenomenon of cognitive paradox, which involves the
contradiction between the enhancement of students’ educational potential through
Al and the potential decrease in autonomous thinking and decision-making
independence [6]. X. Xu et al. pointed out the danger of increasing educational
inertia and excessive reliance on system prompts, which can reduce the ability to
reflect and critical analysis [7]. The study by Y. Tu, J. Chen, and C. Huang analyzed

how generative Al models transform the cognitive activity of students, in particular,
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reducing the need for analytical effort, which leads to the risk of «cognitive
simplification» [8]. L. Iliichuk emphasizes in his study that excessive automation of
learning through Al without teacher control can provoke cognitive overload or,
conversely, a decrease in intrinsic motivation to learn the material [9]. Further
research should focus on developing indicators of students’ cognitive resilience to
the influence of Al and creating compensatory mechanisms that ensure a balance
between algorithmic support and autonomous learning.

The third direction focuses on organizational and social barriers to
implementing personalized Al systems in the educational process. The work of
G. P. Barrera Castro and co-authors analyzed the main obstacles to the
implementation of Al, specifically the insufficient level of digital literacy among
teachers, the technological fragmentation of the educational space, and uneven
access to resources [10]. In the study by S.V.Kubrak, G.V.Rizak, and
I. M. Kyrchata, the authors emphasize the specificity of the Ukrainian experience of
distance learning in times of crisis, where Al can play a compensatory role, but only
if accompanied by psychological support and institutional readiness [11]. Similar
theses are highlighted in the work of O.I. Papach, O. Yu. Horozhankina, and
G. V. Rizak, where the authors emphasize that effective differentiated learning
based on Al is possible only if flexible management models are developed and a
phased digital transformation of educational institutions is carried out [ 12]. In further
research in this area, it is worthwhile to focus on developing adaptive strategies for
implementing Al in various educational contexts, taking into account national
policies, social factors, and infrastructure readiness.

The fourth area encompasses the ethical and methodological aspects of
utilizing Al in the educational environment. In the work of O. V. Panukhnyk, the
concept of «responsible boundaries» of Al content is emphasized, highlighting the

need to define criteria for academic integrity when using generative models in
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scientific and educational practices [13]. L. Kutsak analyzes the regulatory and
methodological challenges associated with the validation of educational solutions
based on Al as well as with defining the role of a teacher in the conditions of digital
automation of learning [14]. The authors emphasize that without a clearly defined
ethical framework, the risks of using Al increase, including the formalization of
knowledge, violation of the principle of pedagogical interaction, and the
replacement of student subjectivity with algorithmic logic. Further research should
focus on establishing standards for the transparency of Al models, developing
ethical regulations for their implementation, and developing mechanisms for
assessing the risks of interference in a student’s cognitive and emotional space.
Identification of previously unresolved parts of the general problem.
Despite intensive study of the potential of Al in education, several essential aspects
remain insufficiently researched. In particular, there is a lack of a comprehensive
analysis of the changes in pedagogical interaction resulting from the implementation
of Al especially in the context of preserving the role of the teacher and social
dynamics in learning. Limited studies have been conducted on the long-term
cognitive effects of personalization, the impact of adaptive systems on critical
thinking and the independence of education seekers. At the same time, existing
approaches to implementing Al often overlook ethical dilemmas, the opacity of
algorithms, and the risks of psychological dependence, which limit the effectiveness
and safety of such solutions in mass educational practice. The proposed study aims
to systematize and deepen the understanding of the complex impact of personalized
Al systems on the educational process. By combining the structural and functional
analysis of educational effects, the assessment of transformations in the interaction
between the education seeker and the educational environment, and the analysis of
implementation problems, the study fills the methodological gaps in previous works.

The practical recommendations formulated based on the analysis have the potential
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to ensure pedagogically guided and cognitively safe integration of Al into school
and university education.

Formulation of the objectives of the article (task statement). This article
aims to clarify the possibilities and limitations of applying Al technologies in
personalized learning, taking into account the need to ensure cognitive development
and psychological safety for education seekers.

To achieve this goal, the following tasks have been set:

1. To analyze the transformation of educational approaches under the
influence of Al and characterize the functionality of personalized platforms that
change the interaction between the education seeker, teacher and learning
environment.

2. To assess the impact of Al systems on the development of critical thinking,
independence and cognitive flexibility, taking into account ethical, technological
and organizational barriers.

3. To formulate recommendations for the implementation of balanced
solutions based on AI, focused on supporting cognitive development and
psychological safety of education seekers.

Presentation of the main research material. The intensive development of
Al technologies in the field of education has led to a shift in the learning paradigm
from standardized models to more flexible, dynamic, and personalized approaches.
Modern educational interaction ceases to be linear, shifting into a decentralized
process, where each participant - student, teacher, or digital system - performs
specific functions in creating an individualized educational environment. It
reformats the roles of participants in the educational process, changes the ways of
building learning routes, the nature of knowledge exchange and the logic of
feedback. Educational models become nonlinear: knowledge is not only transmitted,

but also created in the interaction between subjects and digital tools. Changes affect
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both the macro level (educational policy and programs) and the micro level - the
structure of the lesson, the assessment format, and the interpretation of the
pedagogical role (table 1).

Table 1

Changes in the structure of educational interaction under the influence of the

introduction of Al

Interaction component Traditional model Model using AI
Role of the learner | Passive recipient of Active subject of personalized
knowledge learning
Role of the teacher | Source of knowledge, Mentor, moderator, and analyst of
controller educational data
Function of the learning | Static set of resources Dynamic platform with adaptive
environment content
Type of interaction | One-way, frontal Multi-channel, interdependent,
with elements of Al
Feedback | Mostly delayed, subjective Immediate, automated, data-
driven

Source: formed by the author based on [1, p. 786-788; 2, p. 26; 4; 5; 14]

In practice, this means that the learner is no longer perceived as an object of
pedagogical influence, but is positioned as an active agent capable of influencing the
pace, content and method of learning material.

For example, in modern schools and universities, blended or reverse learning
models are increasingly being implemented, in which the teacher does not lecture
but organizes a learning environment where learners work through the material
independently, and the time of interaction with the teacher is devoted to discussing
complex points, analyzing examples, and building interdisciplinary connections.

This format provides greater flexibility and individualization, and also requires the
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teacher to possess facilitation skills, manage group dynamics, and interpret feedback
in real-time.

In interaction with digital tools that record learning progress and identify
patterns in the learner’s behavior, the teacher performs analytical and coordinating
functions, making decisions based on digital traces of learning activity [4]. As a
result, the classical model of «learning as knowledge transfer» is giving way to the
model of «learning as co-creation of meaning», in which Al acts not as a substitute
for the teacher but as a tool to support educational autonomy and intellectual
development. In the context of digital education, intelligent, personalized learning
platforms that utilize Al algorithms to dynamically adapt the educational process to
the individual needs of learners are becoming increasingly relevant. Unlike
traditional learning management systems (LMSs), which primarily serve an
organizational and informational function, modern Al-oriented platforms can
analyze behavioral data, build cognitive profiles, predict learning outcomes, and
automatically form individual trajectories of knowledge acquisition. Such
functionality allows not only to increase the efficiency of material acquisition, but
also to create conditions for the targeted development of learning strategies, self-
reflection and metacognition. Depending on the architecture and algorithmic basis,
personalized learning platforms focus on different types of learning tasks, ranging
from basic knowledge testing to the development of adaptive courses and
comprehensive educational pathways (table 2).

Table 2

Main functions of modern Al-based personalized learning platforms

Platform function  Content of implementation Educational effect

Diagnostics of | Analysis of current knowledge, | Determination of starting level,

educational needs | learning styles, and errors individualization of content
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Dynamic change of sequence )
Adaptive updating _ Support of the zone of proximal
and complexity of tasks based )
of the learning path . development, avoidance of overload
on behavioral data

Feedback | Formation of instant comments, | Increasing motivation, reducing time

generation | explanations, and tips for erroneous learning

Modeling of potential success Identifying risks of lagging,
Predicting results o _ .
based on digital traces preventive adjustment

Graphical representation of the | Strengthening metacognitive
Visualization of _ _ ; _
dynamics of material reflection and self-regulation of
individual progress o _
assimilation learning

Source: formed by the author based on [1, p. 785; 3, p. 263-264; 4; 5, p. 151; 8; 12, p. 17-

20]

In the practice of school education, a notable example is the Squirrel Al
platform (China), which utilizes deep learning functions to create individualized
profiles of education seekers and automatically generate micro-lessons with a
precise account of knowledge gaps [15]. In this system, content is adapted in real-
time, and tasks change depending on the accuracy of answers and the time it takes
to solve them. In the USA, the Knewton Alta system has become widely adopted,
used in high schools and colleges for the adaptive teaching of exact sciences [16].

In university education, personalization functionality is actively implemented
in the Cerego [17] and Smart Sparrow [18] platforms, which specialize in the study
of medical, technical and humanitarian disciplines. Such systems utilize models of
spaced repetition, adaptive complexity, and predictive modeling to form stable
cognitive connections and enhance the efficiency of learning material.

In the Ukrainian educational environment, the development of personalized
learning with the involvement of AI is implemented through separate pilot
initiatives. For example, the Human platform provides automated monitoring of

students’ educational progress, interprets typical errors, and analyzes the learning
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rate, taking into account individual learning styles [19]. At the same time, technical
universities, notably the Igor Sikorsky Kyiv Polytechnic Institute, are implementing
digital educational environments with adaptive logic, such as the Sikorsky platform,
which enables the organization of personalized distance learning with integrated
assessment [20].

Assessing the impact of personalized Al systems on the development of
learning skills is a crucial aspect of analyzing changes in digital education.
Individualization based on algorithms contributes to increasing the efficiency of
knowledge acquisition, fostering metacognitive reflection, and enhancing the ability
to plan the educational process independently. At the same time, in the case of an
incorrectly configured support system or excessive simplification of content,
cognitive distortions may occur, including a decrease in intellectual tension, the
formation of a habit of relying on external prompts, and a gradual loss of
independent thinking. Students with low learning self-regulation are susceptible to
this, for whom personalized learning sometimes replaces complex mental activity
with algorithmic navigation. In addition, the isolation of interaction in the «student—
system» format without a social component can lead to partial exclusion from
collective discussion, which reduces the ability to argue, defend one’s position and
communicative flexibility (table 3).

Table 3
The impact of personalized Al systems on the development of key learning skills of

education seekers

Skill / Positive impact of Al Potential risks and limitations
cognitive function personalization
Critical thinking | Stimulating the analysis of Habituation to template
alternatives, working with the decisions, reducing the depth of

logic of argumentation information processing
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Setting personal goals, choosing

the pace and trajectory of learning

Dependence on system prompts,

difficulties in new situations

Variability of task formats,

adaptation to changes

Formation of thinking within the

framework of familiar algorithms

Supporting self-assessment

through visualization of progress

Replacing deep reflection with

digital indicators

Source: formed by the author based on [2, p. 25-27;
p. 206-208]

6; 7, p. 20740; 9, p. 238-240; 13,

In school and university practice, the consequences of such systems’ actions
are manifested, for example, in the fact that students become accustomed to relying
on prompts at each step, without making an effort to formulate answers
independently. If the system repeatedly reinforces the correct option, the motivation
to consider alternatives decreases, which directly affects the development of critical
thinking [8]. In distance learning formats, when educational interaction is limited to
the system, the amount of social communication decreases, including discussions,
debates, and pair work, which limits the possibilities for developing argumentation
skills. In the process of completing an adaptive course, the student can easily
navigate an individualized environment. However, when faced with a new
educational context without algorithmic support, he loses the ability to build
strategies for solving problems independently. Such situations highlight the
importance of striking a balance between personalization and intellectual challenge,
as well as between the individual and social aspects of the educational experience.

The integration of personalized Al-based systems into the educational process
is accompanied by several complex problems that encompass ethical, technological,
and organizational dimensions. Despite the potential of such solutions to enhance
the effectiveness of learning, their widespread implementation often encounters
fundamental barriers that hinder both institutional and pedagogical transformations

in education [10]. Ethical dilemmas primarily concern the transparency of decision-
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making by Al systems, the fairness of algorithmic evaluation and consent to the
processing of personal data. In particular, students are rarely informed about the
principles of adaptive mechanisms, which makes it impossible to participate in the
learning process fully autonomously [6]. In cases where the system automatically
adjusts the trajectory or limits access to more complex topics due to a low rating,
there is a risk of reproducing educational inequality or hidden discrimination.

Technological barriers are associated with high infrastructure requirements,
instability of algorithms in a real learning environment and limited interpretability
of models [7, p. 20731]. Often, even the presence of an adaptive platform does not
guarantee its effective functioning: problems with the Internet, a lack of technical
support, or low-quality data (for example, incorrect answers that do not correspond
to the level of knowledge) can lead to incorrect adaptation and a loss of trust in the
system. In addition, most available platforms are created according to universal
templates that are not adapted to local curricula, language norms, or the
psychological and pedagogical context of a particular class or group of students [3,
p. 266].

Organizational challenges include insufficient training of pedagogical staff to
utilize Al technologies, a lack of institutional support, and incompatibility of digital
tools with existing forms of control and reporting [11]. In many educational
institutions, teachers are either not involved in the process of setting up algorithms
or they perceive the system as an additional burden, rather than as support [5,
p. 153]. The lack of regulation also limits the responsibility of developers for system
errors, which is especially critical in conditions where such systems begin to
influence educational decisions, such as grading, course recommendations, or
professional trajectory recommendations [14, p. 35]. In practice, these problems
manifest themselves, for example, in situations where a personalized system blocks

access to the next module due to an automatically determined «unreadiness» of the
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student, and the teacher is unable to intervene manually [8]. Or in the fact that a
student with an unstable Internet connection receives an incorrect prediction of
success, which is recorded in the report. Psychological discomfort often arises:
students perceive constant monitoring of educational activities as a form of control,
rather than support [4]. These factors underscore the need for a profound
reevaluation of not only the technical but also the value-based principles of utilizing
Al in education, where the teacher remains a pivotal figure in maintaining a
humanistic balance between algorithmic efficiency and personal development.
Effective implementation of personalized educational solutions based on Al
requires a balance between technological adaptation and humanistically oriented
support for personal development. To support cognitive development, algorithms
should be designed that not only simplify learning but also purposefully create zones
of cognitive challenge, including tasks with open questions, variable solution paths,
and intermediate points for reflection. To ensure that the learner maintains
autonomy, adaptive systems should provide him with a choice, not only regarding
the pace or format, but also regarding the type of support, the level of system
intervention and the method of feedback. Such structured flexibility avoids
excessive algorithmic oversight and maintains a sense of control over the
educational process. To minimize psychological risks, it is essential to implement a
transparent messaging system: the student must understand how recommendations
are formed, on what data the assessment is based, and why the system presents a
particular scenario. It is recommended to avoid excessive emphasis on errors;
feedback should be constructive and focused on improving educational outcomes.
In addition, it is imperative to integrate the social component: even in a wholly
digital environment, provide formats for collaboration, discussions, pair or group
tasks, where Al performs only a moderation or support function. To overcome

ethical and organizational barriers, it is also necessary to take several practical steps.
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In particular, teachers should be provided not only with technical training to work
with Al platforms, but also with methodological support for interpreting data,
identifying erroneous system decisions and the possibility of manual correction.
Algorithmic decisions should be open to review, and the principles of ethical use
should protect explanation and data. In cases of automatic blocking of access to
content or transition between modules, it is worth considering the teacher’s right to
override the system’s decision based on their pedagogical judgment. Thus, the
recommendations boil down to creating a hybrid educational model in which Al
does not replace, but enhances the role of participants in the educational process,
taking into account the needs of developing thinking, maintaining psychological
comfort and supporting personal autonomy.

Conclusions. As a result of the study, it was found that personalized
educational systems based on Al significantly transform educational interaction,
shifting the focus to individualized learning trajectories. The ambivalent nature of
their impact was revealed: on the one hand, Al contributes to the development of
cognitive flexibility, reflexivity, and independence; on the other, in the absence of
pedagogical support, it can reduce the level of critical thinking, increase dependence
on prompts, and reduce educational autonomy.

Among the key problems of implementing intelligent systems are the opacity
of algorithms, ethical risks, a lack of adaptation to cultural and linguistic contexts,
technological inequality, and the weak readiness of teachers to work with Al. These
barriers complicate the effective and safe implementation of personalized solutions,
especially in school settings with limited digital resources.

It is recommended to implement flexible and pedagogically guided
personalization models that combine individual adaptation with social interaction,
ensure transparency of algorithmic solutions, and involve the active participation of

the teacher in the process. Prospects for further research include the empirical
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analysis of the impact of Al systems on learning motivation, psychological comfort,
and social inclusion, as well as the development of ethical standards for educational

algorithmization.
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