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Abstract. The integration of artificial intelligence into medical education has emerged as
a transformative approach to support students in acquiring theoretical knowledge and
developing clinical reasoning skills. Traditional medical training relies heavily on extensive
study of foundational subjects such as biochemistry, anatomy, physiology, pathophysiology,
and clinical disciplines, which are essential for building competencies and professional skills.
However, the rapid expansion of digital resources, scientific publications, and clinical
databases has created challenges for students who must navigate large volumes of
information. Al technologies, including large language models and adaptive intelligent
systems, offer the potential to assist learners by summarizing complex texts, organizing
information, facilitating interactive simulations, and providing immediate feedback. These
tools allow students to engage in self-directed learning, critical analysis, and clinical scenario
modeling, which enhances situational awareness and decision-making without risking patient
safety. Despite these benefits, Al integration requires careful planning, ethical consideration,
and active supervision by educators to avoid academic integrity issues, ensure data privacy,
and maintain student autonomy in learning. The current study systematically reviews recent
international and regional literature on Al applications in medical education, identifying
trends, benefits, limitations, and practical implications for students and teachers. Findings
demonstrate that Al can effectively complement traditional pedagogical approaches, enhance
learning efficiency, and foster critical thinking and clinical competence. This study contributes
to the scientific understanding of Al’s role in medical education, emphasizing its function as a
supportive tool rather than a replacement for active student engagement.

Keywords: artificial intelligence, medical education, clinical reasoning, adaptive
learning, large language models, interactive simulations.
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[nTerpania mwry4yHoro iHTesnekty (L) B MeauyHy ocBiTy cTasa TpaHcpopMaLiiHUM
niIXoA0M J0 MiATPUMKHU CTYAEHTIB Y HAaOYTTi TEOPEeTUYHHUX 3HAHb TAa PO3BUTKY HABUYOK
KJIIHIYHOrO MucJeHHd. TpaaulidiHa MeJHW4Ha MiArOTOBKA 3HAYHOK MIpOI CIHMPAETHCA Ha
peTesibHe BUBYEHHS pyH/aMeHTaJbHUX NIPeJIMETIB, TAKUX K 06i0XiMisl, aHaToMis, dpisiosoris,
natodisiosioria Ta KAiHIYHI AUCHUNIIHY, SKi € BOXXJIMBUMU A1 GOPMYBaHHS KOMIIETEHIii
Ta npodeciiHUX HaBUYOK. OJHAaK IIBUJKE PO3LUIMPEHHS LUPPOBUX PECYPCiB, HAYKOBUX
nyo6Jsikanid Ta KJAIHIYHHUX 6a3 JJaHUX CTBOPWUJIO TPYAHOLI AJsS CTYAEHTIB, fKi MOBUHHI
opieHTyBaTHCs y BeJIUKUX ob6csirax iHpopmauii. Texnosorii LI, Bk/toyaoyu Mojiesli BeJIUKHUX
MOB Ta aJJallTUBHI IHTeJIeKTyaJIbHi CUCTEMHY, IPOINOHYIOTh MOTEHLiaJl AJIf JOMOMOIHA YYHAM,
y3arajbHIOIYU CKJAAHI TEKCTH, OpraHi3oBywuM iHpopMaljio, CIpUsSOUYM iHTepaKTUBHOMY
MO/Ie/JIIOBAaHHIO Ta HaJal04M HeraHWil 3BOPOTHUHM 3B'aA30K. lli iHCTpyMeHTH [03BOJISIIOTh
CTyZleHTaM 3alMaTUCsl CaMOCTiMHMM HaB4YaHHSIM, KDUTUYHUM aHaJi30M Ta MOJEe/JI0BaHHAM
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KJIIHIYHUX CleHapiiB, 110 MOKpallye CUTYalilHy 06i3HAHICTh TAa MPUHUHATTA pilleHb 6e3
pU3uKy JJis 6e3neku manieHTiB. He3Bakatouu Ha 1ji mepeBaru, iHTerpanis LI Bumarae
peTesIbHOTO MJIaHYBaHHS, ETUYHOTO BpaxyBaHHS Ta aKTMBHOTO HArJsaAy 3 60Ky BUKJ/aAaydiB,
o6 YHUKHYTH HpoOJieM akKaJeMiuHol Ao6poyecHOCTi, 3a6e3nedyuTH KoH}igeHLiNHICTb
JlaHUX Ta 30eperTyH aBTOHOMIIO CTY/I€HTIB y HaBYaHHI. ¥ [[bOMY JIOCJIiIKEHHI CUCTEMAaTUYHO
pPO3IJIIAAETHCA OCTaHHS MiXXHAapoJHa Ta perioHasJibHa JiiTepaTypa wwozo 3actocyBaHHs I B
MeJWYHIN 0CBiTi, BUBHaYalO4Hu TeHEHIlii, mepeBary, o6MeKeHHs Ta NPaKTUYHI HACTiAKHU A5
CTYJEHTIB Ta BUKJIaZauiB. Pe3ysbTaTu JOCAiJKeHHSA JEMOHCTPYIOTD, 110 ITYYHUHU IHTEJIeKT
MOXXe e(peKTHUBHO [IONOBHIOBAaTH TPAAMI[iMHI megaroriyHi miagxoau, MifBUILYBaTH
edeKTUBHICTb HABYaHHS Ta PO3BUBATH KPUTHUYHE MUCJEHHS W KJIiHIYHY KOMIIETEHTHICTb. Lle
JOCJI/PKEHHS CIIPUS€E€ HAYKOBOMY PO3YMIHHIO POJIi LUTYYHOTO iHTEJIEKTYy B MeJUYHINW OCBITI,
niKpecaodd Horo QyHKI0 K JONOMDIKHOrO iHCTPYMEHTY, a He sK 3aMiHU aKTHUBHOI
y4acTi CTYAeHTiB.

KUi11040Bi c/10Ba: ITYy4YHUH iHTENEeKT, MeJJUYHa OCBiTa, KJiHiYHe MUCJeHHs], aJalTUBHE
HaB4YaHHA, MOJeJli BeJIUKUX MOB, IHTepaKTUBHI CUMYJIALII.

Introduction

Topicality of the problem. Medical student training has traditionally been carried out
through a significant amount of theoretical research in core subjects such as biochemistry,
biology, physiology and anatomy, as well as pathophysiology, pathological anatomy and
clinical disciplines. This knowledge structure ensures the gradual development of
competencies and skills and is important for the professional training of future doctors. The
digital information age and the rapid development of technology have created new challenges
for students, and the ability to read textbooks and absorb huge amounts of information is no
longer enough to ensure effective learning [1, 2].

The development of the Internet expands access to scientific publications, international
databases and current clinical guidelines. However, these resources can only be used
effectively if the sources are critically analyzed, the information is systematized and its
reliability is assessed [3]. With the support of artificial intelligence (Al) technologies such as
Google Gemini, Claude or ChatGPT, students can speed up the process of reading scientific
articles, clearly identify their main ideas, organize information and draw analytical
conclusions. This is especially important when writing term papers and dissertations, which
require critical thinking and independent analysis, and are an integral part of academic
integrity [4].

Medical education is undergoing a transformation thanks to artificial intelligence (AI)
technology, which opens the door to the ability to learn from vast amounts of information,
clinical reasoning, and even diagnostic algorithms [5]. On the other hand, its application
requires a thoughtful approach: not creating text without human analysis and synthesis of
information can lead to plagiarism in academic work. Al should be understood as an assistive
technology that supports learning and teaching effectiveness, but not as a replacement for the
learning activity that the student must perform analytically and creatively-practically [6].

At a practical level, Al applications can include lecture notes, long scientific texts,
flashcard preparation, clinical case modeling, and analysis of the medical literature in general.
It can also help you prepare for exams and tests. Flash-card.ai, ChatPDF, NotebookLM,
EvidenceHunt or OpenEvidence allow students to organize and structure what they have
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learned, combine theoretical and practical elements, and quickly and easily access medical
information.

Particular attention should be paid to the protection of personal data and the use of
reliable clinical sources. The integration of artificial intelligence into the educational process
should be systematic and carefully planned, supported by practical training and facilitated by
teachers so that students can master and use artificial intelligence tools in their learning and
professional development [7].

The significance of this study is revealed by defining the role and scope of application of
artificial intelligence in medical education, the impact on the effectiveness of the educational
process, the development of critical thinking and the preparation of students for clinical
practice, which will form a new paradigm in medical education using integrated technological
support [8].

Literature review. In recent years, the number of scientific publications reporting
research in the field of Al technologies in medical education has been growing. Over the past
few years, numerous research studies have been published in the scientific literature that
share research on the use of Artificial Intelligence (AI) technologies in medical education. The
studies include both descriptive reviews of practices and possible applications as well as
quantitative evaluations of the impact artificial intelligence tools have on the learning process.

One of the main contributions is a review of the scope of research conducted by Morris
Gordon et al. (2024) which is organised according to the recommendations of BEME Guide No.
84, systematising the research literature on the use of artificial intelligence in medical
education (teaching, learning, assessment) and highlighting the main directions of research
and gaps for future studies on this topic [9]. A total of 278 publications were analyzed, mostly
from North America and Europe, covering various applications of Al: to support traditional
teaching methods, to assess knowledge, to improve clinical thinking and to implement
innovative practices. The findings indicate that Al can be a powerful tool to support
conventional education, boost learning efficiency, and enable the incorporation of innovative
pedagogical methods. The ethical spaces and the lack of ethical norms standardization were
highlighted, and will need further investigation. FACETS is proposed as a framework to guide
educators, policy makers and researchers to standardize reporting and systematic
development of Al in medical education.

A systematic review by Tojsin et al. (2024) confirmed these findings, evaluating the
existing literature on the use of Al tools in medical education, their validation and evidence
quality. The authors highlight the importance of adopting the potential of Al to redefine the
learning process; however, many of the studies currently carried out may have limited sample
size and methodological diversity [10].

The Feigerlova et al. (2025) systematic review is a quantitative systematic review which
tries to evaluate the effectiveness of the Al interventions on learning outcomes within the
health care system. This work is a collection of works that measure changes in skills,
knowledge and other evidence of learning outcomes using Al tools [11].

Z. Ahsan, Analysis of the incorporation of Al in education interventions, simulations,
clinical scenario modelling and assessment (2025). The authors call for the potential of Al in
clinical thinking and feedback automation, the need for standardization and consider the
cultural and social context of implementing Al [12].
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Peng, |. et al. (2025) review the effectiveness of Al curricula in medical students. This
review underscores the importance of Al tools like virtual patients and adaptive platforms,
both for comprehending and utilizing educational materials, and for their potential in
enhancing teaching and learning. The study by Moldt et al. (2024) explores how aware key
stakeholders in medical education are about Al and the skills required for its effective
utilization in medical education. A total of 38 participants were interviewed, including
teachers, clinicians, students, and Al experts and persons from the administration of the
TuKITZMed project in Germany. Six main categories and 24 subcategories of technologies
were identified: digital and information literacy, ethics and morality, opportunity and risk
assessment, practical application of software, analysis of medical test results and additional
programming skills. Courses should be delivered in the form of lectures, seminars and
practical work which is suitable for the students and also have some level of specialization for
the students who wish to further their studies. This emphasizes the need for an
interdisciplinary approach and a shared understanding of the role of Al among all
stakeholders involved in the educational process, which will allow future medical
professionals to acquire the practical, ethical and technical skills necessary to work with Al in
clinical settings [14].

Evidence and results also show promise, but the evidence is also full of important
literature about the pitfalls of employing Al in medical education, ranging from data quality to
the ethical implications of using Al and its potential for negatively influencing student
independence. Recent studies emphasize the importance of establishing ethical guidelines and
providing students with the ability to critically evaluate the results of Al systems, taking into
account their possible “hallucinations” and errors [15].

Current scientific publications provide a comprehensive overview of the prospects and
challenges of using Al in medical education, combining empirical assessments of effectiveness,
analysis of practical case studies, evaluation of stakeholder readiness, and consideration of
ethical aspects. This multidimensional approach serves as a basis for further research and
practical recommendations for integrating Al into the training of future medical professionals.

Clarification of unresolved issues in this problem. Although there is a large number of
works devoted to the use of artificial intelligence in medical education, the impact of specific
artificial intelligence tools on students' assimilation of theoretical information and clinical
thinking has not been sufficiently studied. In particular, there is no systematic analysis that
could collect information on the application of LLM methods and neural networks in clinical
case modeling and generalization of scientific publications.

The aim of the article. This article aims to summarize current scientific knowledge on the
use of artificial intelligence in medical education in order to see how it can be used and what
its limitations are in medical education.

Scientific novelty. The scientific novelty lies in the systematic review of current research on
the use of artificial intelligence in medical education, which allows integrating international
and regional data to obtain an idea of its practical possibilities and risks.
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Practical significance. The practical value of the results lies in the development of an
objective information base for students and teachers of medical faculties, which will allow
them to assess the potential of artificial intelligence in the educational process and make
decisions on the rational and intelligent use of artificial intelligence.

Methodology.

Research methods. Content analysis and comparative analysis of scientific publications were
used for a systematic review of the literature. The research results were summarized based
on key criteria: type of artificial intelligence tool, learning objectives, learning outcomes and
limitations of use, using content analysis and comparative analysis.

Data sources. The empirical basis of the study was scientific articles and reviews from open
databases from 2018 to 2026, PubMed, Scopus, Web of Science and Google Scholar. The
following search terms for publications were used: “artificial intelligence”, “medical

»n « » o« » «

education”, “artificial intelligence tools”, “medical students”, “clinical thinking” and others.
Study limitations. The study findings are relevant to the context of medical education in
higher education institutions (HEIs) that have access to modern Al technologies. They may
need to be adapted to other educational systems or institutions that may have fewer
resources to access digital content.

Results

The literature search identified a diverse array of practices and approaches to using Al
in medical education, demonstrating the current landscape of medical education support with
digital technologies. A study of published material during the past few years has revealed a
number of fields of scientific interest, that is, fields of active scientific research and of practical
application.

The ability of the large language models and adaptive intelligent systems to assist in the
teaching of theoretical knowledge is a significant part of scientific research. Some of these
methods include automatic summarisation of huge quantities of text, the development of
thematic notes and creation of interactive questions and explanations to help pupils learn
basic subjects more effectively [16, 17]. The use of the automated generative tools described
in these studies can be used to promote independent study because the systems can present
information in a manner that matches the interest of the user's query, thereby providing yet
another way to build up cognitive skills.

The other set of publications is related to the application of the intelligent technologies
in the modelling of clinical scenarios and training of clinical judgement of students. In this
context, artificial intelligence is employed to develop dynamic simulation environments that
simulate clinical cases, which vary in parameters [18, 19]. These simulations can be used to
change symptom sets, diagnostic testing choices, therapeutic interventions, etc. and have
students make their diagnoses and treatment plans like in real life, but without risk to anyone.
The cases reported here illustrate that interactive simulations can not only teach specific
procedures, but also develop situational thinking, the ability to apply knowledge in a complex
clinical context.

There are also several publications that discuss the preparedness and skills of the
people who are part of the education system with regards to the use of Al in the modern
education system. The findings of such research point to an awareness gap between students
and teachers, as well as learning competencies that need to be acquired: understanding the
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potential limitations and risks of Al systems; being able to critically evaluate their responses;
integrating the data they have gained with the clinical decision-making process [20, 21].

Considerable attention is being paid to the ethical and academic aspects of the use of
artificial intelligence. Recent literature reviews suggest that there is increasing concern about
academic integrity, as students may employ generative tools to auto-generate text which they
may not verify and interpret adequately. Academic pieces of work highlight the necessity to
build moral structures and requirements for the usage of Al in the academic setting, which
would limit how such technologies could be used, guarantee transparency in algorithms, and
defend pupil information [22, 23].

Literature shows a lack of empirical evidence to draw conclusions about the long-term
consequences of Al integration on particular learning outcomes, competence assessment, and
graduates' preparedness for clinical practice. The majority of studies that are discussed are
narrowly focused on specific examples of implementation, qualitative evaluations of
effectiveness, or prospective models that need to be tested in large-scale studies using open
and well-specified measures of effectiveness [24, 25].

This systematic literature review shows that the research on the use of artificial intelligence
in medical education is an emerging field, not only regarding the technological aspects of what
artificial intelligence can offer, but also the pedagogical, ethical and organisational aspects.
The results reveal the promise of Al tools for enhancing the learning experience and lend
opportunities for more empirical and methodological studies that evaluate the real-world
outcomes of using such tools to build a learner's skills and capabilities as future health care
practitioners [26, 27, 28].

Discussion

Interpretation of results. The results obtained indicate that modern artificial
intelligence tools are an auxiliary tool in medical education, where students can better
process large amounts of theoretical information, develop cognitive skills and practice clinical
thinking. The advantages of artificial intelligence are that it can personalize learning, provide
quick and easy access to generalized information, and enable interaction with clinical cases.
The effects are explained by mechanisms of adaptive content generation, presentation of
dynamic situations and provision of immediate feedback, which allows students to edit their
own thoughts and decisions in a safe space. At the same time, the effectiveness of these
technologies largely depends on the course structure, pedagogical approaches and the active
role of the teacher in the learning process.

Scientific novelty. The scientific novelty of the study is based on a comprehensive and
systematic synthesis of recent publications on the use of artificial intelligence in medical
education, which provides a comprehensive overview of the potential, limitations and
practical aspects of use. Data from international and regional sources were aggregated for the
first time, which allows illustrating the direction of the use of artificial intelligence in
application areas and raising the pedagogical, technological and ethical issues that arise. The
study also helped to better understand the role of Al as a tool, rather than a replacement for
traditional student learning.

Practical significance. Even given a brief overview of the topic, the results obtained as
a result of a systematic review allow students and teachers of the Faculty of Medicine to
identify the potential of Al tools and subsequently use them for informed integration into
curricula.

Conclusions

The use of modern Al tools in medical education is a way to support the educational
process, helping students better understand the theoretical basis of their research and
develop clinical thinking. Adaptive intelligence systems and LLMs can provide personalized
learning, engage students in self-directed use of learning resources, and develop their ability
to analyze and integrate medical information. Incorporating Al into these clinical case
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simulation and clinical simulation environments allows for the development of real-world
skills, teaching decision-making, and shaping situational thinking without risk to the patient.
Ethical and academic implications of Al use are highlighted, such as concerns about academic
integrity and privacy, and the need to develop guidelines for implementing generative
systems in the education sector. Currently, there is limited empirical evidence on the potential
long-term impact of integrating Al on learning outcomes and graduate readiness for clinical
application, and more controlled studies are needed, as well as the development of
standardized assessment methods. Future research opportunities include further
experimental studies of the effectiveness of Al tools in educational settings, the integration of
Al tools into medical school education, and the development of ethical and methodological
guidelines for the use of Al tools.
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