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Introduction. Generative artificial intelligence (Al)
technologies are rapidly being integrated into medical
education due to new learning and teaching capabilities.
J. S. Izquierdo-Condoy et al. categorize the impact of Al
on medical education into four main areas: interactive
learning tools, intelligent assessment systems, administrative
and logistical support, and content creation [ 10]. Interactive
learning tools, such as Al assistants and Al-driven chatbots
like Chat Generative Pre-trained Transformation (ChatGPT),
facilitate dialogue-based learning, allowing students to
practice history-taking and improve communication skills
through simulated patient encounters.

Furthermore, Al-based simulations, including virtual
surgical assistants, patient avatars, and procedural simulators,
offer a safe, immersive environment where students can
refine their diagnostic and technical skills without patient
risk [11].

Al technologies enable the creation of innovative
educational strategies, revolutionary teaching methods,
curriculum development, content design, and the evaluation
of various academic processes. This makes Al an indispensable
tool for medical education, contributing both to the transfer
of knowledge and practical skills and to the continuous
improvement of educational systems [11, 19].

N. Komasawa and M. Yokohira believe that Al technolo-
gies hold great promise for clinical practice to enhance
efficiency, communication, and patient care [13]. By
summarizing clinical guidelines, Al can assist physicians
by generating differential diagnoses or even drafting
patient-friendly explanations of medical conditions [4].
Moreover, due to its multilingual capabilities, generative
Al has the potential to improve communication with diverse
patient groups and overcome language barriers in global
healthcare delivery. Generative Al also plays a valuable
role in patient empowerment and chronic disease management
[21]. Conversational Al systems can provide lifestyle advice,
medication reminders, and mental health support, allowing
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patients to participate more actively in their care. By
creating tailored educational content, these systems can
improve health literacy and encourage preventive behavior
among the general population [13].

However, despite the undeniable benefits of Al in
teaching and learning, warnings are increasingly raised
in the literature regarding ethical issues in presenting
clinical cases, the risk of undermining academic integrity,
and concerns over students’ dependence on Al to complete
assignments [10].

The aforementioned highlights the necessity for research
and continuous, unbiased oversight of Al technology
integration into the educational process. It is essential to
highlight positive achievements while identifying problems
and risks to timely build an optimal strategy for using Al
in medical education.

The aim of the study. Based on the analysis of modern
scientific publications, to investigate the benefits and
potential risks and to determine ways to improve the use
of artificial intelligence technologies in higher medical
education.

Materials and methods. For this review, a targeted
literature search was conducted on PubMed and Google
Scholar. PubMed was selected to search for peer-reviewed
literature in medical journals, while Google Scholar was
used to include emerging research in interdisciplinary
journals covering Al, education, and simulation that might
not be indexed in biomedical databases. The search was
performed using the keywords: artificial intelligence,
medical education, virtual patient, and clinical simulation.
This search was conducted in April 2026. A total of 268
conceptual articles, cohort studies, and literature reviews
were analyzed. Articles focusing on the clinical application
of Al without any educational outcomes, papers on medical
education without any simulation, virtual reality / aug-
mented reality (VR / AR), or virtual patients, and highly
technical articles lacking a clear learner focus were excluded.
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Duplicates were removed, and if two articles discussed
the same content, the later publication was prioritized.
Abstracts without full-text access, conference proceedings,
or articles in languages other than English and Ukrainian
were also excluded.

Results and discussion. One of the primary objectives
of modern medical education is to train physicians capable
of utilizing advanced technologies, particularly Al, to
ensure high-quality diagnosis and treatment. Generative
Al is being rapidly adopted into the educational process
of future physicians, regardless of the preferences of
governing bodies or the potential negative attitudes of
certain educators or higher education institutions. The
integration of artificial intelligence into the training of
future physicians opens new perspectives for medical
education, fostering the development of core professional
competencies [2, 4]. . Kryvenko, K. Chaly believe that
in this context, it is crucial to consider learning strategies
that promote the development of foundational Al literacy,
critical analysis, and the effective integration of innovative
solutions into the educational process [2]. Educational
strategies oriented toward Al integration not only enhance
data handling skills but also provide a deeper understan-
ding of the ethical and legal aspects of digital technology
utilization.

One of the main advantages of Al in the educational
process is its ability to adapt educational content and
assessments to the individual needs of higher education
students, facilitating more efficient knowledge acquisition
and deeper conceptual understanding [18]. Furthermore,
Al technologies, including virtual reality, intelligent
tutoring systems, and medical robotics, provide handson
learning experiences. These tools foster the development
of clinical reasoning, surgical technical skills, and
medical imaging interpretation, while delivering
personalized feedback and adaptive, individualized
learning methodologies [20].

Al-driven virtual assistants and chatbots, such as
ChatGPT, facilitate dialogue-based learning, allowing
students to practice history-taking and improve communi-
cation skills through simulated patient encounters [7].
Meanwhile, J. Hale et al. [ 7] write that while the capabilities
of generative Al in higher education are expanding, there
remains a lack of quantitative evidence regarding its use
to improve learning outcomes.

The use of generative Al offers potential benefits for
both educators and students. Engaging students with these
tools can enable them to understand clinical experiences
while helping them recognize their limitations [7].

Based on the analysis of literature sources, the following
main benefits of implementing Al in medical education
can be identified:

Personalization of learning. Al provides the opportunity
to adjust the complexity of practical cases depending on
the individual knowledge of a student or intern. For instance,
creating a personalized 24/7 tutor, according to research
by H. Lee, J. Park [14], allows students to use generative
Al to explain complex biochemical processes or pharmaco-
logical interactions, adapting explanations to the specific
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student’s level of knowledge, which significantly accelerates
material retention.

Among various Al applications for educational use,
Google’s NotebookLLM offers distinct advantages [1].
Unlike general-purpose generative Al models, NotebookLM
analyzes exclusively user-uploaded materials and ensures
high accuracy of responses with clear citations. Based
on a comparative analysis, O. V. Bardadym, S. F. Harkavyy
[1] demonstrated the key advantages of this Al application:
working with structured sources, multimodal data presentation
formats (text, audio, video, mind maps), as well as features
for learning, analysis, and teaching. The platform serves
as an effective tool for students and educators by automating
routine tasks and creating an interactive, adaptive learning
environment. NotebookLM is positioned as a complement
to general-purpose generative Al models, focused on the
deep processing of specific sources and supporting academic
integrity.

Adaptability of individual learning trajectories. This
is best manifested when using chatbots and virtual patients
to teach clinical skills. Specifically, S. Hasan et al. believe
that Al-powered Simulation-Based Medical Education
(SBME) is transforming the training of physical examination
and procedural skills [9]. The use of VR simulators with
Al feedback, such as Surgeon Simulator VR, allows
students to learn necessary surgical skills and receive
assessments of manipulation accuracy (e.g., in endoscopy
or blood sampling) without the constant presence of an
instructor. The authors believe that the advantages of
artificial intelligence in the higher medical education
system can enhance learning [9].

J. Singh et al. examine in detail the advantages and
disadvantages of using chatbots for primary medical care
[21]. The authors note that chatbots can significantly
facilitate the primary diagnostic process, but simultaneously
emphasize the importance of precise Al prompts to avoid
errors in recommendations that could lead to dangerous
consequences for patients. This requires medical universities
to integrate relevant knowledge into medical informatics
and digital medicine courses so that future physicians
can operate such systems at an appropriate level.

Another benefit of using Al technologies in medical
education is safety during the application of chatbots,
virtual patients, or Al-powered simulators. This allows
students to make mistakes while practicing various clinical
skills without harming a real patient, enabling them to
practice the skill an unlimited number of times [20].

Objectivity of assessment. The use of automated checklists
and motion analysis in simulators eliminates the issue of
instructor subjectivity [6]. However, M. Liu et al. in a
meta-analysis that included 45 studies on the performance
of different ChatGPT versions in medical licensing
examinations, concluded that GPT-4 demonstrates significant
potential for future use in medical education [15]. Yet,
due to insufficient accuracy, inconsistent performance,
and challenges related to varying medical policies and
knowledge across different countries, GPT-4 is not yet
suitable for direct deployment in medical education. The
authors established that question complexity affected the

45



LCB

performance of GPT-3.5 and GPT-4. In image-based
multiple-choice questions, ChatGPT’s accuracy rate
fluctuated from 13.1 % to 100.0 %. ChatGPT performed
significantly worse on open-ended questions than on
image-based ones, which should be considered when
preparing test or exam questions.

Reduction of cognitive load. Al helps structure vast
amounts of clinical protocols, textbooks, and guidelines,
facilitating their assimilation. J. S. Izquierdo-Condoy
et al. write that Al tools like ChatGPT, Gemini, Claude,
and LLaMA are increasingly integrated into medical
education, assisting students with a range of tasks,
including clinical reasoning, literature review, scientific
writing, and formative assessment [10]. While these
tools offer significant advantages in terms of productivity,
personalization, and cognitive support, their impact on
critical thinking - the cornerstone of medical education -
remains uncertain.

Clinical decision support (CDS). Research by
N. Komasawa, M. Yokohira shows that interns who used
Al applications to verify drug dosages or interpret rare
symptoms demonstrated 30 % fewer diagnostic errors
during the training stage [13].

The application of Al tools in shaping professional
competencies appears promising [3, 16]. In particular,
K. Chaly, I. Kryvenko [3] view Al models as additional
interactive tools in forming professional competence,
capable of assisting in clinical scenario modelling and
data analysis. It is emphasized that Al does not replace
standardized clinical decision support systems (CDSS),
and the proper application of chatbots requires an evidence-
based approach [3, 16].

Publications indicate that the use of generative Al in
medical education provides new opportunities for both
educators and students. However, while seminars, workshops,
conferences, and advanced training courses on Al basics
are increasingly organized for teachers, this issue remains
unresolved for students in many countries [22, 23].

Thus, the cited publications demonstrate that Al holds
great promise as a learning aid and educational tool in
medical education. Although research on its application
in this field is encouraging, further studies with objective
assessments and control groups are required to conduct
more definitive comparisons. Specifically, E. Hallquist
et al. believe that before integrating artificial intelligence
into teaching or personal learning, educators and students
must understand the principles, capabilities, and limitations
of machine learning [8]. Although comfort levels with
Al vary across different groups, short introductory sessions
have been shown to effectively reduce anxiety when
encountering this technology.

The rapid implementation of Al applications in learning
and teaching demonstrates not only benefits but also certain
risks and drawbacks. J. S. Izquierdo-Condoy et al. [11]
point out that this primarily concerns ethical considerations,
the risk of undermining academic integrity, and raises
concerns about students’ reliance on Al to complete tasks,
triggering critical questions among educators. Artificial
intelligence offers significant opportunities to transform
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medical education, but its implementation must be ethical,
equitable, and pedagogically sound.

A serious disadvantage is the problem of "hallucinations"
and false references, i. e., the risk of misinformation,
where Al generates plausible-sounding but factually
incorrect content [13, 24]. For example, large language
models can fabricate academic references that appear
authentic but do not actually exist, leading to misinformation
in scientific or clinical contexts. Additionally, they may
suggest implausible differential diagnoses, such as linking
pneumonia with endocrine disorders without clinical
justification, potentially misleading learners [26]. In a
medical context, such errors can directly impact patient
safety, highlighting the need for rigorous oversight and
expert verification of Al-generated information [13].

In their scientific work, S. A. Wartman and C. D. Combs
note that interns often fail to verify the sources provided
by AI [25]. This is critical in medicine, where Al can
invent the title of a protocol or reference a non-existent
study, which in real practice could lead to a medical error
and requires constant verification by an expert educator.

Limitation of educational medical information when
students use only Al instead of textbooks, manuals, or
curriculum guidelines during training. Specifically,
A. M. Fazlollahi et al. in their study on surgical curriculum
design and unpredictable outcomes of technical competen-
cies in simulation training, described how integrating Al
into curricula can cause unintended changes in certain
areas of competence, underscoring the need for expert
human oversight when using Al [5].

One of such drawbacks can be "deskilling" L. Zhang,
D. Miller focus attention on the risk of "intellectual laziness"
[27]. If a student gets used to receiving a ready-made
differential diagnosis from Al, their own capacity for
critical analysis and symptom synthesis may degrade.
There is a risk that over-reliance on Al prompts during
data analysis (e. g., ECG or X-rays) will impair the student's
ability to think independently [4].

Ethical challenges and plagiarism. S. A. Wartman,
C. D. Combs highlight the issue of blurring the boundaries
of one’s own work. Students often use Al to write case
histories or scientific abstracts, which calls into question
the objectivity of evaluating their real skills [25]. Students
may use artificial intelligence to write essays, generate
assignments, or even fabricate research data, raising
complex issues related to authorship, originality, and
integrity [24].

In parallel, there is growing concern that over-reliance
on Al tools in education and practice could undermine
critical thinking and clinical reasoning skills among
healthcare professionals. As the use of generative artificial
intelligence becomes more widespread, healthcare
systems must establish clear guidelines for its ethical
and responsible use. N. Komasawa, M. Yokohira believe
that over-reliance on Al tools can hinder the development
of essential abilities, such as clinical reasoning, diag-
nostic acumen, and ethical decision-making [13]. These
skills are fundamental to the medical profession and
require conscious cultivation through problem-solving,
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reflection, and guided practice. Generative Al, if used
without constraints, may inadvertently undermine these
developmental processes and promote superficial learning.

M. M. Mir et al. write that medical education should
include awareness regarding the use of artificial intelligence
as a component of professionalism, teaching future healthcare
providers not only how to use Al tools but also how to
recognize their limitations, critically interpret their results,
and adhere to the principles of patient-centred care [17].

Technological gap and cost. Unequal access to advanced
Al simulators among different educational institutions
and the need for specialized training for the educators
themselves [4, 13, 16].

Insufficient awareness of Al technologies in education
among students. H. Sorg et al., using an online survey
of medical students from 38 German faculties, asked
about various topics related to digitalization [22]. The
majority of students (70.0 %) indicated that they had not
had any university courses on digital topics. The authors
note that digitalization in medicine is progressing faster
than it can be implemented in practical work. Higher
education students have varying understandings of
technology, and medical schools lack educational training.
M. Teng et al. analyzed the results of a survey involving
2.167 students from 10 different medical professions
across 18 universities in Canada [23]. The study showed
that students, even those opposed to Al, identified the
need to include basic training on Al use in their program.

Absence of a unified strategy for the implementation
and application of Al in medical education in Ukraine and
many countries worldwide. L. Zheng, Y. Xiao, based on
data from a global cross-sectional survey involving 4.596
students across 48 countries, concluded that the positive
impact of using Al in education exerts a stronger positive
effect on the knowledge of students from developing
countries [28]. Conversely, the negative impact on enthusiasm
for Al adoption is more pronounced among students from
developed nations, where advanced Al programs are more
prevalent. These results emphasize the importance of
balanced Al education to enhance knowledge while addressing
the challenges of its integration into education. The authors
propose prioritizing empirical and practice-oriented learning.

Thus, generative Al technologies are becoming a
significant part of the educational process due to their
numerous advantages. However, chaotic, uncontrolled
use of Al poses certain risks and drawbacks for medical
education, which requires serious attention to the
implementation of Al applications in the learning process.

Ways to improve the application of Al technologies in
medical education.

*  Formulating a state strategy for the implementation
of Al technologies in medical education, considering both
the benefits and risks of its application. Implementing
personalized Al education considering disciplinary and
regional needs. It is advisable to develop and offer specialized
programs for students and healthcare professionals to acquire
and certify knowledge and skills in the field of Al use.

* The basis for the optimal use of Al in medical
education is the regular updating of the educational
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program, incorporating specific knowledge of Al technologies
as well as the ethical issues of its application. Medical
curricula must be revised to include structured modules
on Al ethics, protection of patient personal data, and data
confidentiality within the diagnostic and treatment process.

» Improving educators knowledge and skills regarding
the use of Al technologies in the educational process,
emphasizing training in proper prompt formulation to
obtain accurate clinical information (Prompt engineering
for medical professionals).

»  Enhancing Al literacy for students. Students must
be taught to distinguish evidence-based data from Al
"hallucinations," to use verified data, and to master the
skill of structuring Al prompts to obtain precise responses
(Prompt engineering for higher education students).

»  Transformation of clinical simulations, meaning
the transition from static manikins to adaptive systems,
particularly the use of Al to create virtual patients that
change their status in real-time depending on the treatment
prescribed by the student (intern or physician).

» The objectification of competence assessment using
Al appears promising. Instead of single-choice tests,
dynamic assessment is proposed, meaning that Al analyzes
the student’s trajectory of thinking while solving a clinical
problem, rather than just the final result. To evaluate
competencies, it is advisable to compile a competency
portfolio, utilizing Al to track the progress of each intern's
skill throughout the entire training period.

» It also appears necessity to improve regulatory
control regarding the use of Al in medical practice.
N. Komasawa, M. Yokohira believe that physicians must
bear professional responsibility for reviewing and verifying
any results generated by Al before utilizing them in patient
care [13].

Researchers and educators should further evaluate
different learning approaches to enhance students' integration
of generative Al tools for both non-clinical and clinical
medical training and practice.

Conclusions. The prospects of implementing generative
Al in medical education are primarily driven by its
advantages: personalization and adaptability of learning;
new educational technologies, including virtual reality,
intelligent tutoring systems, and the objectivity of assessing
knowledge, skills, and other professional competencies.

However, when applying AI, "Al hallucinations"
(i. e., incorrect answers), the risk of impairing the student's
ability to think independently, and ethical issues can arise.
All these risks and problems require oversight, regulatory
control, and close attention from all members of society
to improve the public healthcare system.

Among the ways to improve the implementation of Al
in education, the following are proposed: creating a unified
strategy for the implementation and application of Al in
medical education in Ukraine; facilitating the improvement
of knowledge and skills of educators and students regarding
the use of Al technologies in the educational process;
and regularly updating educational curricula to ensure
the ethical use of Al technologies in teaching and training
future physicians.
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The Use of Artificial Intelligence Technologies in Higher Medical Education:
Benefits, Possible Risks and Ways to Improve

O. Voloshyna

Introduction. The integration of generative artificial intelligence into medical education is driven by its innovative
teaching and learning technologies.

The aim of the study. Based on the analysis of contemporary scientific publications, to investigate the benefits,
potential risks, and to identify ways to improve the utilization of artificial intelligence technologies in higher medical
education.

Materials and methods. Publications in English and Ukrainian that were included in the databases PubMed and
Google Scholar until May 2026 were analyzed. The search was carried out using the following keywords: artificial
intelligence, medical education, virtual patient, chat bots.

Results. The analysis of publications allowed for the formulation of the main benefits, as well as the potential
risks and drawbacks of applying Al in higher medical education. The advantages of artificial intelligence are
personalization and adaptability of learning; new learning technologies, including virtual reality, intelligent tutoring
systems, objectivity in assessing knowledge and skills and other professional competencies. On the other side risks
and challenges require oversight and regulatory framework, alongside close attention from all members of society
to this issue, aiming to improve the public healthcare system.

Conclusions. The study highlights the necessity of establishing a unified strategy and regulatory framework for
the application of artificial intelligence in medical education in Ukraine, as well as promoting the improvement of
knowledge and skills of both educators and learners at both undergraduate and postgraduate stages of medical
education.
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BukopucTraHHs TEXHOJIOTIH IITYYHOr0 iIHTEJIEeKTY y BUIILi MeIUYHIi OCBITI:
nepeBaru, MOKJIUBI PU3UKH | IIJIAXU BAOCKOHAJIEHHS

O. b. BoJyomuna

Beryn. YnpoBamkeHHs reHepaTHBHOTO ITY4YHOTO iHTesekTy (1) y Mmeauuny ocBiTY 3yMOBIIEHO HOTO HOBITHI-
MH TEXHOJIOTiSIMH BUKJIQIAaHHS 1 HAaBYaHHSL.

Mera. Ha miycraBi aHai3y cy4acHUX HaAyKOBUX ITyOJTiKaIliil JOCTIIUTH MIepeBarh, MOXKIIUBI pU3UKH, BU3HAUUTH
IIUISIXY BJOCKOHAJICHHS BUKOpHCTaHHs TexHonorii LI y Bumiit MeauyHiit ocBiTi.

ISSN 2306-4269. Lviv Clinical Bulletin. 2026, 2(54) 49



LCB
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PesyabraTn. Ananis myomikaiiiii yMoXJIMBHUB cpOPMYITIOBATH OCHOBHI TiepeBaru Ta HMOBIpHI PU3UKU U HEIO0-
niku 3actocyBanHs L1 y Bumiit MeanuHiit 0cBiTi, SIKI BUMaraloTh HaMISAy Ta HOPMAaTHBHOTO PETYIIOBAHHS.

BucHoBku. Buznaueno norpely CTBOPUTH €IMHY CTPATETiIO Ta HOPMATUBHE peryatoBaHHs 3actocyBanns LI B
MEIUYHIHN OCBiTI B YKpaiHi, III0 CIPHUSITHME MTOIMIIICHHIO 3HaHb 1 BMiHb BUKJIQIaqiB 1 3100yBadiB OCBITH Ha JIOIH-
TUIOMHOMY Ta TMICISAUIIIOMHOMY €Tarax MeINnIHOi OCBITH.
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