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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The rapid evolution of artificial intelligence (AI) is driving a 

paradigm shift in modern healthcare, creating an urgent imperative 
to reform traditional medical education. This narrative review 
synthesizes the current landscape, core applications, challenges, 
and actionable pathways for responsible AI integration in 
medical education. AI enables personalized and adaptive 
learning, immersive clinical simulation, automated assessment 
and formative feedback, data-driven curriculum design, and 
efficient administrative support, while large language models 
(LLMs) further enhance knowledge synthesis, exam preparation, 
and clinical reasoning practice. However, widespread adoption 
remains constrained by infrastructure deficits and digital 
inequity, faculty AI literacy gaps, unresolved ethical concerns 
including algorithmic bias and data privacy risks, automation 
bias and potential skill degradation, and a critical shortage of 
rigorous longitudinal evidence on educational efficacy. This 
review argues that sustainable AI integration requires a shift 
from technological optimism to human-centered, evidence-
based implementation that prioritizes human–AI collaboration, 
standardized governance, ethical stewardship, and equitable 
access. We conclude that AI, when thoughtfully deployed, can 
enhance competency cultivation while preserving the humanistic 
core of medical training, preparing future clinicians to practice 
safely and effectively in an AI-enabled healthcare ecosystem.

Key words. Artificial intelligence, medical education, large 
language models, educational technology.
Introduction.

As a cornerstone of the global healthcare system, medical 
education bears the responsibility of cultivating competent, 
compassionate, and adaptable healthcare professionals who 
can navigate the intricacies of modern medicine. Traditional 
medical education, which relies heavily on lectures, textbooks, 
standardized patient encounters, and clinical apprenticeships, 
faces growing pressures and inherent limitations. Specifically, 
the exponential expansion of medical knowledge not only 
overwhelms learners with information but also makes it 
unfeasible for any single curriculum to be exhaustive; the 
paucity of clinical cases and standardized patients curtails 
hands-on practice opportunities; and the "one-size-fits-all" 
pedagogical approach fails to cater to individual variations in 
learning styles and progress [1]. Adding to these challenges, 
medicine is experiencing a profound transformation fueled by 
artificial intelligence (AI)—technologies including machine 
learning (ML), natural language processing (NLP), and large 
language models (LLMs) have exhibited remarkable efficacy in 
diagnostic imaging, clinical decision support, and administrative 
workflow optimization [2,3]. This revolution in clinical practice 

necessarily presents a compelling case for the transformation 
of medical education, which must evolve to equip future 
practitioners with the skills to leverage these powerful tools 
effectively [4].

In recent years, the rapid evolution of AI technology—
defined by its prowess in data processing, pattern recognition, 
adaptive learning, and interactive simulation—has emerged as 
a potent tool to address the shortcomings of traditional medical 
education, facilitating a paradigm shift from "knowledge 
transmission" to "competency cultivation". Crucially, the 
integration of AI into medical education constitutes more than 
a mere technological augmentation; it represents a systemic 
transformation. From ChatGPT and DALL-E to AI-powered 
diagnostic simulation systems and adaptive learning platforms, 
AI technologies are infiltrating every phase of medical training, 
spanning undergraduate preclinical education, postgraduate 
residency training, and continuing medical education for 
practicing clinicians. AI holds the potential to alleviate key 
challenges of traditional models by enabling personalized 
learning trajectories, immersive simulation experiences, and 
scalable, consistent assessment [5,6]. Moreover, bibliometric 
analyses have indicated a striking upsurge in research on AI in 
medical education over the past decade, with recent focus areas 
centering on LLMs, VR/AR applications, and personalized 
learning solutions [7].

However, the path to integrating AI into medical education 
is not straightforward. The current landscape is characterized 
by a patchwork of experimental pilots, ethical uncertainties, 
and a notable lack of robust, longitudinal evidence [7]. The 
voices of educators and students reveal a complex picture of 
enthusiasm tempered by concerns about faculty readiness, skill 
degradation, and the digital divide [8,9]. This narrative review 
aims to move beyond a simple cataloging of AI's potential. 
It critically examines the current state of AI applications, 
dissects the multifaceted challenges impeding its progress, 
and offers a strategic, evidence-informed vision for the future, 
with a particular focus on fostering a balanced and humanistic 
integration of these powerful technologies.
Core Applications of AI in Medical Education.

A growing body of literature consistently demonstrates that 
AI plays a multifaceted and transformative role in medical 
education, offering innovative solutions to longstanding 
challenges across diverse educational domains. By leveraging 
its unique capabilities in data analysis, pattern recognition, 
and interactive engagement, AI is redefining how medical 
knowledge is taught, learned, assessed, and administered, 
thereby supporting the cultivation of competent healthcare 
professionals aligned with the demands of modern clinical 
practice. To summarize key empirical evidence, the main 



159

findings from representative studies evaluating various AI-
based tools are presented in Table 1.
Enhancement of Teaching and Learning:

AI has fundamentally reshaped the instructional landscape in 
medical education by enabling personalized, interactive, and 
immersive learning experiences that address the limitations of 
traditional didactic approaches. AI-driven adaptive learning 
platforms leverage machine learning algorithms to analyze 
individual learner performance, learning preferences, and 
progress trajectories, allowing for the tailoring of educational 
content, pacing, and learning pathways [11,14,16,20-23]. These 
platforms effectively identify knowledge gaps in real time 
and deliver targeted resources—such as customized reading 
materials, interactive quizzes, and supplementary tutorials—

to enhance learner engagement, deepen understanding, and 
improve long-term knowledge retention [13,24,25].

Concurrently, AI serves as the backbone of Intelligent Tutoring 
Systems (ITS) and sophisticated virtual patient simulation tools, 
creating risk-free, high-fidelity environments for medical trainees 
to practice clinical reasoning, diagnostic skills, and procedural 
decision-making [12,15,26]. A landmark randomized controlled 
trial conducted by Fazlollahi et al. further validated the efficacy 
of AI-based tutoring, demonstrating that trainees who received 
AI-guided instruction outperformed those in conventional 
teaching groups in acquiring simulated surgical skills, thereby 
providing high-quality empirical evidence for AI’s value in skill 
development [6]. Notably, these simulations provide invaluable 
exposure to rare or complex clinical scenarios that are often 

Author (Year) Target 
population AI tools used Educational outcomes Limitations

Hashimoto et al. 
(2018) [10] Surgery residents Virtual reality 

curriculum
Improved FES exam scores; better 
endoscopic skill acquisition

Single-center; small sample; underpowered for 
some comparisons; limited generalizability

Cheng et al. 
(2020) [5] 

Medical students, 
trainees HipGuide Improved trainees' medical image 

learning Small sample; selection bias

Kaur et al. (2021) 
[11] 

Medical students 
& staffs Digital chatbot Reduce tutor input and promote 

self-learning
Convenience sample; low participation; no 
member check; analyst bias

Fazlollahi et al. 
(2022) [6] Medical students

AI tutoring system 
(Virtual operative 
assistant)

Improved simulated surgical skills
Cannot assess teamwork competency; selection 
bias; limited surgical experience; single-center 
design

Cassidy et al. 
(2022) [12] Surgical residents

GI Mentor (A virtual 
reality endoscopy 
simulator)

Improved FES scores & pass rate; 
enhanced skills; saves time

Single-center; small sample; underpowered to 
detect group differences

Al Kahf et al. 
(2023) [13] Medical students

Chatprogress (A 
chatbot-based serious 
game)

Improved pulmonology & overall 
PCC exam scores; high learner 
satisfaction

Single-center; low adherence & survey 
response rate; single specialty; no real-clinical 
performance assessment

Zhao et al. (2023) 
[14] Medical students Watson for Oncology 

(WFO)

Improved learning, knowledge 
mastery, learning interest, and 
course satisfaction

Small sample size; single-center; subjective 
questionnaire-based evaluation; no long-term 
outcome assessment

Xie et al. (2024) 
[15] Junior doctors

LLMs (ChatGPT-4, 
Google Bard, Bing 
AI)

Supported clinical decision-
making; enhanced self-directed 
learning

Subjective expert evaluation; single-specialty 
focus (surgery); outdated training data; no real 
clinical outcome assessment

Gan et al. (2024) 
[16] Medical students ChatGPT Better knowledge mastery & 

learning efficiency
Single-center; single specialty; no visual 
MCQs

Sridharan et al. 
(2024) [17] 

Medical 
educators

ChatGPT-3.5, 
Claude-Instant, Sage 
Poe

Generating test items 
related to a discipline in the 
undergraduate medical curriculum

Untested generalizability; no validation of item 
difficulty/discrimination

Majeed et al. 
(2024) [18] Residents AI-based learning 

software
Improved diagnostic accuracy; 
higher post-test scores

Small sample size; single-center; single disease 
focus

Mastour et al. 
(2025) [19] 

Medical 
educators

Machine learning 
enhanced with 
explainable
AI (XAI)

Accurately predicted high-stakes 
exam performance; identified at-
risk students

Automation bias; no psychosocial factors 
included; needs prospective & external 
validation

Wang et al. 
(2025) [20] Medical students

LearnGuide (a 
specialized ChatGPT 
tool)

Enhanced self-directed learning, 
critical thinking, and learning 
immersion

Selection bias; limited generalizability; 
potential over‑reliance risk

Hui et al. (2025) 
[21] 

Urology medical 
interns

ChatGPT assisted 
PBL

Improved exam scores; overall 
clinical competence; high student 
satisfaction

Small sample size; single-center; single 
specialty; risk of over-reliance; self-reported 
survey bias

Yu et al. (2025) 
[22] Medical students Simulation-based 

education (SBE)

Improved theoretical & practical 
imaging skills; enhanced learning 
interest, imaging thinking, 
teamwork & communication

Single-center; non-random group allocation; 
unbalanced sample size; no long-term follow-
up

Table 1. Comparison of Study Findings for AI Tools in medical education.
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inaccessible in traditional clinical settings, allowing learners to 
refine their skills without endangering patient safety [6,27,28]. 

Immersive technologies augmented by AI, such as virtual 
reality (VR) and augmented reality (AR), further enhance the 
learning experience by facilitating the visualization of complex 
anatomical structures and clinical procedures [10,12,29]. 
For instance, AI-integrated VR platforms allow students to 
manipulate 3D models of the human body, enabling a deeper 
understanding of spatial relationships that are difficult to convey 
through 2D textbooks [1]. Additionally, specialized AI tools 
designed for medical image interpretation—particularly in 
radiology and pathology—provide direct, real-time feedback on 
trainee performance, helping to refine their ability to identify 
abnormal findings and significantly improving diagnostic 
accuracy over time [5,30]. These AI-enhanced tools act as 
"super mentors," empowering learners to engage in self-
directed, efficient learning while building confidence in their 
clinical skills.
Assessment, Evaluation, and Feedback:

AI has introduced a paradigm shift in medical education 
assessment, moving away from traditional, resource-intensive 
methods toward more automated, personalized, and predictive 
approaches. Natural Language Processing (NLP), a core 
subset of AI, is increasingly employed to automate the grading 
of written clinical summaries, reflective essays, and even 
performance in Objective Structured Clinical Examinations 
(OSCEs) [17,18,31]. Compared to human assessors, NLP-
driven grading systems offer greater consistency, scalability, and 
efficiency, reducing inter-rater variability and enabling the timely 
evaluation of large cohorts of learners [32,33]. Beyond mere 
grading, AI systems excel at providing learners with immediate, 
detailed, and actionable feedback on their performance in 

quizzes, simulation exercises, and clinical reasoning tasks. This 
just-in-time, formative feedback allows trainees to identify their 
weaknesses, correct misunderstandings, and reinforce their 
strengths in real time, fostering a continuous learning cycle 
that accelerates skill development [34]. Predictive analytics, 
a powerful application of machine learning, further enhances 
assessment by analyzing longitudinal performance data—
including test scores, simulation outcomes, and participation 
metrics—to forecast student success and identify individuals 
at risk of academic underperformance [19]. This proactive 
approach enables educators to implement targeted support 
interventions, such as additional tutoring or personalized study 
plans, marking a critical shift from reactive to preventative 
academic advising [35].
Curriculum Development and Administrative Support:

AI also provides significant value in optimizing the backend 
operations of medical education institutions, supporting 
curriculum development and streamlining administrative tasks 
to reduce faculty burden. In curriculum design and analysis, 
AI algorithms can process vast datasets—including learner 
performance data, clinical practice trends, and evolving 
competency frameworks—to evaluate the effectiveness of 
existing curricula, identify redundancies or gaps, and suggest 
evidence-based re-alignments [25,36]. This data-driven 
approach ensures that medical curricula remain relevant to the 
changing needs of clinical practice, particularly as AI continues 
to reshape healthcare delivery. Generative AI and large language 
models (LLMs) are increasingly utilized for automated 
educational content generation, including the creation of diverse 
clinical vignettes, practice questions, and preliminary drafts of 
teaching materials [16,37]. However, it is critical to emphasize 
that expert review by medical educators remains non-negotiable 

Figure 1. Framework for AI integration in medical education: applications, challenges, and strategic priorities. The framework depicting the 
interrelationships between AI applications, implementation barriers, and strategic priorities in medical education. The central focus is on “AI 

in medical education,” with three interconnected components: (1) key applications of AI in enhancing teaching, assessment, and administrative 
workflows; (2) multi-level barriers including technological infrastructure, faculty readiness, ethical concerns, evidence gaps, and institutional 

support; and (3) actionable strategic priorities to advance human-AI collaboration, equity, governance, and evidence-based practice in 
educational settings.
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to ensure clinical accuracy, avoid misinformation, and align 
content with educational objectives [38].

On the administrative front, AI streamlines a wide range of 
routine tasks, such as admissions screening, clinical rotation 
scheduling, plagiarism detection, and the management of 
student inquiries. By automating these time-consuming 
processes, AI reduces the operational burden on faculty and 
administrative staff, freeing them to focus on more impactful 
educational activities—such as mentorship, hands-on training, 
and curriculum innovation [39].
Specific Tool-Based Applications: The Rise of Large Language 
Models (LLMs) and Chatbots:

Certain AI technologies, particularly LLMs such as ChatGPT, 
GPT-4, and Claude, have carved out distinct, high-impact roles 
in medical education, thanks to their advanced natural language 
understanding and generation capabilities. LLMs are extensively 
used to support medical literature review and synthesis, helping 
trainees efficiently navigate the vast volume of medical research, 
summarize key findings, and identify relevant studies [40-42]. 
They also serve as valuable study aids for exam preparation, 
including high-stakes licensing exams such as the USMLE, with 
studies demonstrating that GPT-4 can achieve passing scores on 
these assessments, highlighting its potential as a personalized 
study partner in knowledge acquisition. 

Beyond knowledge acquisition, LLMs facilitate the practice 
of patient communication skills through realistic role-play 
scenarios, allowing trainees to refine their ability to explain 
complex medical concepts, deliver difficult news, and build 
rapport with patients [43]. Additionally, these tools foster critical 
thinking by engaging learners in Socratic dialogue, challenging 
their assumptions, and prompting them to justify their clinical 
decisions [41]. Pioneering integrations are embedding LLMs 
directly into Learning Management Systems (LMS) to offer 
personalized study aids, such as customized flashcards and topic 
summaries, or into clinical training systems to assist students 
with tasks like drafting differential diagnoses, writing SOAP 
notes, and interpreting clinical data during clerkships [44]. 
Several leading medical schools have implemented structured, 
curriculum-integrated pilots of generative AI and large language 
models, with documented educational outcomes and practical 
challenges. Harvard Medical School has incorporated AI into 
core preclinical and graduate training, including mandatory AI 
literacy courses and LLM-based simulated patient tools, while 
addressing concerns such as AI hallucinations, data bias, and 
preservation of clinical reasoning and humanistic care [45]. 
Stanford Medicine has established universal AI education for all 
medical students, deploying Clinical Mind AI and AI Clinical 
Coach to enhance history-taking and clinical reasoning skills; 
key challenges include rapid technological evolution, curriculum 
alignment, and model generalizability [46]. The University of 
Cincinnati College of Medicine has developed the CAR-E AI 
coaching platform to foster reflective practice and personalized 
learning, with implementation challenges including algorithm 
transparency, content validity, and responsible scaling [47]. 
Collectively, these real-world initiatives confirm the feasibility 
of integrating LLMs into routine medical education while 
highlighting consistent barriers: ensuring accuracy and fairness, 

supporting faculty adaptation, and maintaining robust ethical 
governance. 
Challenges and Barriers to AI Integration.

Despite the transformative potential of AI in medical education, 
its widespread and effective integration is hindered by a complex 
interplay of technological, educational, ethical, and institutional 
barriers. These challenges are not isolated but interconnected, 
often compounding one another to impede progress, and they 
require targeted strategies to address—particularly as the field 
continues to evolve with advancements in LLMs, VR/AR, and 
other AI technologies. Below is a comprehensive analysis of the 
key obstacles shaping the current landscape of AI integration in 
medical education.
Technological and Infrastructure Barriers:

A foundational barrier to AI integration lies in inadequate 
technological infrastructure and unequal access to AI tools 
across medical education institutions. Many medical schools—
especially those in low- and middle-income countries, or smaller 
institutions with limited funding—lack the necessary hardware, 
software, and high-speed internet connectivity to support AI-
driven educational tools [32,48]. This digital divide exacerbates 
educational inequity, as trainees in resource-constrained 
settings are denied access to AI-enhanced simulation platforms, 
adaptive learning systems, and LLM-powered study aids that 
their peers in well-resourced institutions take for granted. Even 
in institutions with basic infrastructure, compatibility issues 
between existing learning management systems (LMS) and new 
AI tools often arise, creating technical bottlenecks that frustrate 
educators and learners alike [44].

Furthermore, the rapid pace of AI technological evolution 
presents a persistent challenge: many institutions struggle to 
keep pace with updates to AI tools, leading to outdated systems 
that fail to leverage the latest advancements in ML, NLP, or 
LLMs. Maintenance and technical support for AI tools are also 
often insufficient, with few institutions employing dedicated 
personnel to troubleshoot issues, update software, or train 
users. This lack of ongoing technical support undermines 
the reliability of AI tools, eroding trust among educators and 
trainees and discouraging consistent use. Additionally, the high 
cost of acquiring and maintaining advanced AI systems—such 
as high-fidelity virtual patient simulators or enterprise-level 
adaptive learning platforms—places them out of reach for many 
institutions, further widening the gap in AI access [1].
Educational and Faculty-Related Barriers:

The successful integration of AI in medical education hinges 
on the preparedness and willingness of faculty to adopt and 
effectively utilize these technologies—a area where significant 
gaps persist. Many medical educators lack the necessary digital 
literacy and AI competence to incorporate AI tools into their 
teaching practices [49]. Unlike younger trainees who may be 
more familiar with digital technologies, many senior faculty 
members have not received formal training in AI concepts, 
tools, or pedagogical strategies for integrating AI into curricula, 
leading to anxiety, resistance, or superficial use of AI tools that 
fail to maximize their educational potential [50].

Compounding this issue is a lack of standardized training 
programs for medical educators on AI integration. Few 
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institutions offer structured professional development 
opportunities that teach educators how to leverage AI to enhance 
teaching, assess learner performance, or develop AI-augmented 
curricula [51]. As a result, even educators who are open to AI 
adoption often struggle to integrate these tools in meaningful 
ways, relying on trial-and-error rather than evidence-based 
practices. Additionally, faculty workload is a significant barrier: 
many educators are already burdened by clinical responsibilities, 
curriculum development, and administrative tasks, leaving little 
time to learn, test, and implement new AI technologies. There is 
also a pervasive fear among some educators that AI may replace 
their role in medical education, leading to resistance to adoption 
and a reluctance to invest time in learning these tools [52].
Ethical, Legal, and Regulatory Challenges:

AI integration in medical education raises complex ethical, 
legal, and regulatory questions that have yet to be fully addressed, 
creating uncertainty that hinders widespread adoption. A primary 
ethical concern is the potential for bias in AI tools, which can 
perpetuate disparities in medical education and clinical practice 
[53]. AI algorithms are trained on large datasets, and if these 
datasets are biased—for example, underrepresenting certain 
patient populations or clinical scenarios—AI tools may provide 
inaccurate or inequitable feedback to trainees, reinforcing 
harmful stereotypes or gaps in knowledge. This is particularly 
problematic in diagnostic simulation tools and LLMs, where 
biased outputs can mislead trainees and undermine the 
development of culturally competent clinical skills.

Privacy and data security are additional critical ethical and 
legal concerns. AI tools in medical education often collect and 
process sensitive data, including trainee performance metrics, 
personal information, and clinical case data [54]. Ensuring 
compliance with data protection regulations—such as the 
General Data Protection Regulation (GDPR) in Europe, the 
Health Insurance Portability and Accountability Act (HIPAA) in 
the United States, and the Personal Information Protection Law 
(PIPL) of China—poses substantial challenges for institutions. 
Notably, substantial discrepancies exist among cross-national 
data governance frameworks, which complicate cross-border 
data sharing, international collaborative research, and large-
scale deployment of unified AI education platforms. Variations 
in standards for data localization, consent requirements, 
anonymization protocols, and cross-border data transfer create 
legal barriers and operational complexities for global AI 
education initiatives. These regulatory inconsistencies hinder 
the development of interoperable, globally accessible AI tools 
and limit the generalizability of cross-national educational 
research, further slowing the standardized integration of AI in 
medical education worldwide. As AI systems may store data 
across multiple servers or third-party platforms, increasing the 
risk of data breaches. There is also a lack of clarity regarding 
ownership of data generated by AI tools in medical education, 
raising questions about who has access to trainee data and how 
it can be used for research or quality improvement [25].

Regulatory frameworks for AI in medical education are 
also underdeveloped, with few clear guidelines governing the 
development, validation, and use of AI tools in educational 
settings. Unlike AI tools used in clinical practice, which are 

subject to rigorous regulatory scrutiny by bodies such as the 
U.S. Food and Drug Administration (FDA), AI educational 
tools often lack standardized validation processes to ensure 
their accuracy, reliability, and educational effectiveness. This 
regulatory ambiguity creates uncertainty for institutions, which 
may be hesitant to adopt AI tools due to concerns about liability 
or non-compliance.
Evidence Gaps and Educational Efficacy Concerns:

Despite the growing enthusiasm for AI in medical education, 
there remains a notable dearth of robust, longitudinal evidence 
supporting its long-term educational efficacy [55]. Most existing 
studies are short-term, small-scale pilots that focus on learner 
satisfaction or immediate performance improvements, rather 
than long-term outcomes such as clinical competence, patient 
outcomes, or professional development. This lack of high-
quality evidence makes it difficult for institutions to justify the 
significant investment required to adopt AI tools, as they cannot 
be certain of the return on investment in terms of improved 
learner outcomes.

Additionally, there is a lack of standardized metrics for 
evaluating the educational impact of AI tools, leading to 
inconsistent research findings and difficulty comparing the 
effectiveness of different AI applications [56]. Many studies 
rely on subjective measures, such as learner surveys, rather than 
objective assessments of clinical skill acquisition or knowledge 
retention [57]. There is also growing concern that over-reliance 
on AI tools may erode critical thinking and clinical reasoning 
skills among trainees, who may become overly dependent on AI-
generated answers rather than developing the ability to analyze 
complex clinical scenarios independently [58,59]. This risk is 
particularly acute with LLMs, which can generate plausible but 
inaccurate clinical information if not properly validated.
Institutional and Systemic Barriers:

Institutional and systemic factors further hinder the 
integration of AI in medical education, including limited 
funding, misaligned incentives, and fragmented leadership. 
Funding for AI initiatives in medical education is often scarce, 
with institutions prioritizing clinical care and research over 
educational technology. Even when funding is available, it is 
often allocated to short-term pilot projects rather than long-
term, systemic integration, leading to fragmented adoption that 
fails to transform the broader educational landscape [28]. 

Misaligned incentives also play a role: many medical educators 
are evaluated based on their clinical productivity and research 
output, rather than their contributions to educational innovation 
or AI integration. This creates little motivation for educators to 
invest time and effort in adopting AI tools or developing AI-
augmented curricula. Additionally, the lack of cross-disciplinary 
collaboration between medical educators, AI developers, and 
educational technologists hinders the development of AI tools 
that are tailored to the unique needs of medical education [60]. 
Without input from educators, AI tools may be technically 
sophisticated but pedagogically ineffective, failing to address 
the real-world challenges of medical training. 

Finally, fragmented leadership and inconsistent policies 
across institutions and regions create barriers to standardized 
AI integration. There is no unified vision or strategy for AI 
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in medical education, leading to disjointed efforts that vary 
widely in quality and scope. This lack of coordination makes 
it difficult to share best practices, scale successful initiatives, or 
address common challenges, slowing the overall progress of AI 
integration in the field.
Key Insights and Future Strategic Priorities.

The integration of artificial intelligence into medical education 
represents not merely a technological upgrade, but a profound 
paradigm shift that demands deliberate, ethical, and learner-
centered governance. While the preceding sections have 
documented AI’s transformative applications and multifaceted 
barriers, this discussion synthesizes key insights and advances 
a cohesive, actionable roadmap to guide responsible, equitable, 
and sustainable AI adoption in medical education (Figure 1).
Prioritize Human–AI Collaboration Over Replacement:

At the core of effective AI integration lies a foundational 
principle: AI should augment, not replace, human expertise 
and clinical empathy. Medical education remains deeply 
rooted in communication, compassion, ethical reasoning, and 
professional identity formation—qualities that no algorithm can 
fully replicate [61]. Rather than positioning AI as a substitute 
for faculty mentoring, bedside teaching, or patient interactions, 
institutions should frame AI as a collaborative tool that automates 
routine tasks, amplifies personalized instruction, and expands 
educational capacity. This human-in-the-loop framework 
preserves educators’ roles as mentors, critical thinking 
facilitators, and guardians of clinical ethics while leveraging 
AI for data-driven customization, scalable assessment, and 
immersive simulation. When designed around human needs, AI 
strengthens rather than diminishes the humanistic foundations 
of medical training [62].
Build Infrastructure, Equity, and Accessibility:

To overcome systemic inequities highlighted earlier, 
stakeholders must prioritize inclusive infrastructure 
development and cross-institutional resource sharing. The 
digital divide in AI access perpetuates global disparities in 
medical training quality and must be addressed through targeted 
investment in cloud-based platforms, low-cost AI tools, and 
shared educational repositories. International collaborations and 
open-access initiatives can democratize access to high-quality 
AI-driven learning modules, virtual patients, and LLM-assisted 
education, especially for low-resource settings. Furthermore, 
interoperability between AI systems and existing learning 
management systems must be prioritized to reduce technical 
barriers and ensure seamless integration into existing curricula. 
Standardized application programming interfaces (APIs) 
and modular AI designs can simplify adoption across diverse 
institutional contexts [63].
Establish Standardized Education, Training, and Governance:

Sustainable AI integration requires structured faculty 
development, clear pedagogical standards, and accountable 
governance. Medical educators need formal, competency-
aligned training in AI literacy, tool evaluation, and evidence-
based instructional design—not only technical tutorials but 
also guidance on ethical implementation and bias mitigation. 

Regulatory and educational bodies should collaboratively 
develop standards for AI tool validation, transparency, and 
reporting in educational settings [64]. The AITEL checklist 
proposed by Masters and Salcedo offers a practical framework to 
improve rigor, replicability, and accountability in AI-enhanced 
education research [32]. By establishing shared standards, the 
medical education community can minimize low-quality pilots, 
reduce ethical risks, and accelerate trustworthy innovation.
Strengthen Evidence-Based Practice and Longitudinal 
Evaluation:

Current enthusiasm for AI in medical education currently 
outpaces robust empirical evidence, highlighting a critical gap 
that must be addressed through large-scale, longitudinal, and 
multi-institutional studies. Future research should move beyond 
cross-sectional satisfaction surveys to focus on objective, 
competency-aligned outcomes, including clinical performance, 
diagnostic accuracy, knowledge retention, professionalism, and 
long-term impacts on clinical practice. Predictive analytics, 
formative feedback systems, and AI-enhanced assessment 
platforms can serve as research instruments to track learning 
trajectories and iteratively refine educational interventions. To 
strengthen the evidence base, future randomized controlled 
trials (RCTs) and cohort studies evaluating AI tools in medical 
education should adopt a standardized, multi-dimensional 
framework of primary and secondary endpoints directly tied to 
core medical education competencies, such as improvements 
in OSCE performance or reductions in diagnostic error rates in 
clinical settings. Centralized data repositories and open research 
practices will further facilitate high-quality meta-analyses 
and evidence synthesis, enabling the field to transition from 
innovation-driven to rigorously evidence-based adoption.
Embed Ethical Stewardship and Bias Mitigation:

Ethics must be embedded at every stage of AI design, 
deployment, and evaluation in medical education. Institutions 
should implement proactive safeguards against algorithmic 
bias, data privacy risks, misinformation, and automation bias. 
Key practices include: rigorous validation of AI-generated 
content by clinical educators; transparent disclosure of AI 
limitations to learners; regular auditing for demographic, 
clinical, or contextual bias; secure data management compliant 
with global privacy regulations. Ethics education should also be 
integrated into AI-enabled curricula, teaching future physicians 
to critically evaluate AI outputs, recognize uncertainty, and 
uphold patient-centered values in an increasingly automated 
healthcare landscape.
Foster Interdisciplinary Collaboration:

Successful AI translation requires sustained partnership between 
clinicians, educators, computer scientists, ethicists, and learners. 
Too often, AI tools are developed without pedagogical expertise 
or clinical realism; conversely, educators frequently adopt 
technologies without understanding algorithmic limitations. Co-
design processes—where AI developers and medical educators 
collaborate from conception to implementation—yield tools 
that are both educationally effective and clinically meaningful. 
Learner and faculty feedback loops further ensure that AI 
systems evolve responsively to real-world educational needs.
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Conclusion.
This review synthesizes the transformative role, applications, 

challenges, and future directions of artificial intelligence in 
medical education. AI has emerged as a powerful enabler to 
personalize learning, enhance immersive simulation, automate 
reliable assessment, and optimize educational administration, 
effectively addressing key limitations of traditional training 
models. However, its sustainable integration is hindered by 
infrastructure gaps, faculty preparedness, ethical concerns, 
algorithmic bias, data privacy risks, and insufficient longitudinal 
evidence. To realize AI’s full potential, stakeholders must 
prioritize human–AI collaboration, bridge the digital divide, 
establish standardized governance and validation frameworks, 
embed ethical stewardship, and strengthen evidence-based 
practice. With deliberate, learner-centered, and responsible 
implementation, AI can drive a paradigm shift in medical 
education that enhances both competency and humanistic care, 
preparing future clinicians to thrive in an increasingly digital 
healthcare landscape.
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