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Intersection of Artificial Intelligence and Medical Education

NARRATIVE REVIEW

The Intersection of Artificial Intelligence and
Medical Education: A Narrative Review of Trends,
Innovations, and Ethical Frontiers

Background: Atrtificial intelligence (Al) has rapidly
emerged as a transformative force in medical education,
reshaping the ways in which medical knowledge is
delivered, assessed, and applied. With advances in
personalized learning, intelligent tutoring systems, and
virtual simulations, Al has created unprecedented
opportunities to reimagine teaching—learning environments
in medicine.

Method: This study is a limited review categorized as a
traditional narrative review, conducted descriptively using
conceptual and inferential analysis at the theoretical level,
with the aim of exploring the applications of Al in medical
education. A literature search was carried out in PubMed,
ScienceDirect, and Google Scholar databases using the
keywords “artificial intelligence”, “medical education”,
“adaptive learning”, “simulation” and “ethical challenges”
covering the period between 2018 and 2025. Based on
eligibility criteria, 47 relevant articles were identified,
extracted, and reviewed.

Results: The analysis of the reviewed studies revealed that
the applications of Al in medical education can be classified
into five major domains: (1) personalized learning, (2)
advanced simulations and intelligent assessment, (3)
development of innovative tools and technological
innovations, (4) a forward-looking perspective on AI’s role
in transforming medical education, and (5) existing
challenges, including insufficient infrastructure, the need for
specialized training, as well as ethical and legal concerns
regarding the use of data and algorithms.

Conclusion: Intelligent technologies, particularly Al, offer
significant potential to enhance medical education through
personalized learning, clinical simulation, and intelligent
assessment. However, realizing the full potential of these
technologies requires overcoming challenges such as
inadequate infrastructure, ethical considerations, and the
need to empower faculty members.
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Adaptive Learning, Simulation, Ethical Challenges
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INTRODUCTION

At present, with the rapid advancement of science
and technology worldwide, artificial intelligence
(Al) has also undergone remarkable growth and
continuous updates and has found wide-ranging
applications in various fields. Substantial evidence
indicates that Al has been increasingly introduced
into educational environments and the teaching
process (1). In medical education, Al is regarded as
a key tool with the potential to transform traditional
learning methods by providing adaptive, data-
driven, and interactive educational experiences (2).
In the current era, in which technology is
developing at an extraordinary pace, citing reliable
research and grounding innovations on scientific
evidence are essential for advancing the field of Al
in medical education. With the increased use of Al
technologies in education, the number of published
studies in this area has also grown significantly (3).
According to Chan (2019), since 2018, searchesand
studies related to the application of Al in medical
education have shown a rising trend, such that the
increase in the number of published articles and
citations over the past two decades reflects the
growing interest and attention of researchers in this
emerging field (4).

University medical education has increasingly
embraced artificial intelligence (Al) as a
multipurpose technology and an essential subject
within curricula (5). Al has found extensive
applications in education and has provided
significantadvantages, including a profound impact
on the teaching process and classroom
management. Among its important benefits are the
continuous  optimization of the learning
environment and the enhancement of learners’
motivation, initiative, and creativity. At the same
time, Al can substantially improve classroom
management for instructors, making it more
rational and efficient (1). For medical educators to
be adequately prepared to face Al, they need at least
a basic understanding of Al in relation to learning
and teaching, as well as its impact on medical
education (6). Despite the growing interest in
emerging technologies, medical education has so
far not kept pace with advances in Al, and Al
instruction in undergraduate medical curricula
remains highly limited, which may be attributed to
a lack of systematic evidence in this area.
Considering the rapid growth of Al applications in
healthcare, its integration into undergraduate
medical education could yield numerous benefits
for the future professional development of
physicians, as this stage encompasses the largest
group of medical students at the beginning of their
professional journey (7).

With the advancement of technology, individuals’
lifestyles and work habits have been transformed,
and learning methods have also undergone

significant changes. The gradual evolution of
learning environments and the increasing demand
for personalized and adaptive learning have led to
major reforms and transformations in the field of
education (8). Artificial intelligence plays an
important role in the development of adaptive
learning, such that its systems, unlike traditional
educational models, provide a personalized
experience for each student, tailored to their
knowledge status and individual learning
performance. These systems collect and analyze
students’ behavioral data, update learner profiles,
and deliver customized and timely feedback
accordingly (1, 9).

Simulation-based medical education (SBME) has
played a prominent role in enhancing patient safety
and specializedtraining in various clinical domains.
Over the past few decades, the widespread adoption
of SBME has been driven primarily by concerns
related to patient safety and medical care (10).
High-fidelity medical simulations have proven to
be educationally effective, and simulation-based
education complements medical training within
patient care environments (11).

The use of artificial intelligence (Al) in higher
education is accompanied by ethical concerns that
must be taken into consideration (12). Despite the
acceptance of Al in the health profession, issues
such as legal responsibility and accountability in
clinical decision-making have been raised. At
present, it remains unclear for healthcare
professionals who will be held responsible in the
event of an error caused by Al-based clinical
decision support systems. Ethical awareness in
using Al can be fostered during medical education
by faculty members so that in the future, healthcare
professionals will be able to employ Al in a
responsible and accountable manner (13).
Understanding how today’s medical students
perceive Al in medicine, what knowledge gaps they
possess, and their level of awareness regarding its
ethical aspects is a fundamental step in designing
effective curricula.

Numerous ethical concerns are also associated with
the use of Al, including threats to data security,
transformations in the nature of the physician—
patient relationship, the creation of potential social
inequalities, and the development of intelligent
robots that may replace many professional tasks and
lead to increased unemployment (14).

Given the rapid expansion of Al in medical
education, a structured review of the available
evidence is essential to identify the applications,
opportunities, and challenges of this technology in
educational environments. Since previous studiesin
this field have been scattered and mostly topic-
specific, the present review was conducted with the
aim of providing a comprehensive overview of the
current situation and identifying research gaps,
thereby contributing to evidence-based decision-
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making in curriculum design and educational
policymaking in the domain of Al.

METHODS

In light of the issues discussed, a significant need
was identified to examine and analyze various
aspects of employing artificial intelligence in
medical education. In response to this need, the
present study was designed as a limited review with
the aim of exploring trends, innovations, and ethical
challenges in the application of Al in medical
education. This type of review emphasizes selective
and purposeful analysis of scientific sources, and
rather than adhering to the formal structures of
systematic reviews, it focuses on conceptual
understanding and the interpretation of textual
content (15).

For the collection of sources, a targeted search was
conducted in reputable databases including
PubMed, Google Scholar, and ScienceDirect.
Broad keywords such as medical education,
artificial intelligence, adaptive learning, simulation,
and ethical challenges were used. Additionally,
various combinations of these terms and their
MeSH equivalents in PubMed were employed to
enhance the accuracy and comprehensiveness of the
search.

The present study included a review of articles
published between 2018 and 2025. The inclusion
criteria comprised English-language articles with
full open access, which were relevant to at least one
of the practical aspects of Al application in medical
or clinical education. Only articles that contained
specific educational content and addressed at least
one of the following aspects were included in the
final analysis: the application of Al in medical
education, technological innovations in educational
environments, ethical challenges in Al use, the
impact of Al on curriculum design, or clinical
teaching methods. Conversely, non-English
articles, those lacking full text, or purely theoretical
studies without reference to a specific educational
application were excluded.

In the next stage, the selected articles were initially
screened based on their titles and abstracts,
followed by full-text review. Articles that
demonstrated conceptual alignment with the
research objectives and provided relatively
comprehensive coverage of the key domains were
chosen as representative examples. Acknowledging
the existence of other related studies, the authors,

considering the nature of a limited review and the
necessity for analytical focus, confined their
examination to this set. Complete details of the
distribution of articles according to the key domains
are presented in Table 1.

For data analysis, a conceptual thematic analysis
approach was employed. Accordingly, key themes
were inductively extracted from the content of the
articles and categorized.  Ultimately, the
information was aggregated, listed, and reported as
the study findings. Figure 1 presents a PRISMA
chart of the main and essential information related
to the study.

RESULTS

This limited review was conducted through a
targeted examination of 68 peer-reviewed scientific
articles, of which 47 met the eligibility criteria for
citation and in-depth analysis within the study. The
analysis identified five key domains at the
intersection of artificial intelligence and medical
education, which are presented in Table 2 and are
discussed in detail below.

This classification, based on recurring conceptual
patterns in the research literature, can serve as a
useful framework for designing innovative
educational policies, developing forward-looking
curricula, and guiding applied research in the
integration of intelligent technologies with medical
education.

Applications of Artificial Intelligence in Medical
Education

The introduction of Al into medical education has
brought about a fundamental transformation in
teaching, learning, and assessment methods.
Numerous studies have highlighted the extensive
applications of this technology in curriculum
design, personalized feedback, clinical skills
simulation, and educational data analytics (16, 21—
23).

Some studies have utilized Al-based tools, such as
ChatGPT, to answer specialized medical questions,
showing that these tools can serve as educational
support resources for medical students during early
learning stages, particularly in basic and clinical
courses (22, 24, 25). Additionally, several articles
have reported the use of Al systems to analyze
student performance in examinations and provide
immediate feedback, which enhances self-
regulation in the learning process (23, 26). The
design of educational decision-support systems

Table 1. Distribution of Articles

Research Domain Unique Articles
Applications of Artificial Intelligence 10
Technological Innovations 8
Implementation Challenges 6

Ethical Considerations 5

Future Perspectives 4

Total 33

Overlapping Articles Total (Non-Redundant)
15

12

9

8

6

17 47

N W wbh o

FMEJ 15;3 mums.ac.ir/j-fmej September 25, 2025

31



32

FUTURE of MEDICAL EDUCATION JOURNAL

« Limited Narrative Review

« Providing a Comprehensive Overview of the Current Status and Identifying Research Gaps in the Intersection of

Primary Artificial Intelligence and Medical Education
Objective

Criteria for
Atrticles

« Articles published between 2018 and 2025, in English, with full open access, and related to any aspect of the
application of artificial intelligence in medical or clinical education

Search
Sources

« PubMed, Google Scholar, ScienceDirect

Atrticles

« 47 articles

Included

Data « Screening titles and abstracts, followed by full-text review

Analysis
Method

Steps

« Defining inclusion and exclusion criteria, collecting articles, reviewing existing studies, extracting and synthesizing
Research data, aggregating information, and preparing the final report

Figure 1. PRISMA Flow Diagram of the study

Table 2. Key Domains at the Intersection of Artificial Intelligence and Medical Education

No. Extracted Indicator
Applications of Artificial Intelligence in Medical

! Education (16, 17)
9 Technological Innovations and Novel Tools in
Medical Education (17, 18)
3 Implementation Challenges and Limitations of Al in
Education (16, 19)
4 Ethical and Legal Considerations in Al Use (20)

Future-Oriented Perspectives and Strategic Directions
in this Field (18, 19)

Personalized learning, clinical simulation, and performance analytics

Technical, ethical, and infrastructural challenges in responsible and
Privacy, legal accountability, algorithmic transparency, and educational

VR/AR blended environments, Al integration in basic sciences,

Description

Integration of VR/AR with Al-based interactive tools

equitable Al deployment

equity in Al application

emphasis on ethics and digital literacy

using machine learning algorithms has also been
reported to guide students along learning paths
tailored to their strengths and weaknesses (27, 28).
A notable application is the use of Al technologies
to create simulated scenarios for clinical skills
training, which has proven particularly effective in
the post-COVID era and in remote education (21,
29). Al has been impactful not only at the individual
level but also systemically, being employed to
organize educational resources, predict learning
needs, and analyze student progress trends (16, 30).
Overall, the reviewed evidence indicates that Al has
evolved from being merely a tool to becoming an
active partner in medical education. This
technology not only optimizes traditional
educational processes but also enables the
development of innovative and personalized
learning models.

Technological Innovations and Novel Al Tools in
Medical Education

One of the most significant outcomes of the

intersection between Al and medical education is
the emergence of technological innovations and
advanced intelligent tools that have transformed
teaching and learning processes. New technologies
such as virtual reality (VR) and augmented reality
(AR), when integrated with Al capabilities, enable
precise, interactive, and personalized educational
simulations. For instance, Al-powered hybrid
simulation systems have enhanced practical
medical exercises, allowing students to practice
complex clinical skills in safe and controlled
environments with greater realism (16, 31, 32).

These studies also emphasize that Al tools, such as
machine learning-based virtual tutors and
automated assessment systems, play a critical role
in teaching both technical and non-technical skills
to medical students. By analyzing individual
learning data, these technologies provide precise
and timely feedback, improving performance and
accelerating the learning process (33, 34).
Moreover, the integration of advanced language
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models like ChatGPT into educational systems has
been evaluated in some studies as a supportive tool
for answering students’ questions and facilitating
individualized learning, highlighting the high
potential of these technologies in enhancing Al-
driven learning (20, 35).

Considering these innovations, the transformation
of medical education is no longer solely content- or
method-driven, it is moving toward intelligent and
interactive systems that can optimize learning
according to each learner’s needs. This shift
promises profound improvements in the quality and
accessibility of medical education in the near
future, and many studies have emphasized the
necessity of expanding applied research in this
domain (18, 19, 36).

Challenges and Limitations of Using Artificial
Intelligence in Medical Education

A review of studies indicates that despite the
extensive potential of Al to enhance medical
education processes, multiple barriers and
challenges must be seriously addressed for effective
implementation. One of the primary challenges
involves concerns regarding data accuracy and
validity. Many studies emphasize that the quality of
educational and clinical data plays a decisive role in
Al system performance, and incomplete or
incorrect data can lead to inappropriate educational
decisions (16, 29). Additionally, issues related to
student and patient data privacy and security
represent major ethical and legal concerns in the use
of Al in medical education. Maintaining
confidentiality, preventing unauthorized access,
and ensuring transparency in data collection and
utilization are fundamental requirements in this
context. The absence of clear legal frameworks and
comprehensive ethical standards can undermine
learner and patient trust and pose a serious obstacle
to the sustainable development of Al technologies
in educational settings (19, 20).

Furthermore,  technical and infrastructural
limitations are recognized as significant barriers.
For example, many educational institutions lack the
necessary equipment and infrastructure to deploy
and maintain advanced Al systems, which reduces
accessibility and creates inequities in benefiting
from these technologies (18, 34, 35). Some studies
have also highlighted challenges related to
technology acceptance among faculty and students,
cultural resistance and insufficient familiarity with
emerging technologies can slow down or reduce the
effectiveness of educational processes (33, 36, 37).
Finally, the reviewed articles emphasize the
necessity of developing ethical, educational, and
technical standards to guide Al applications in
medical education. These standards should ensure
that Al is employed responsibly, transparently, and
equitably, serving as a complementary and
enhancing tool for faculty and learners rather than a
replacement (20). Overall, the aforementioned

challenges, alongside the immense opportunities
offered by Al, call for a balanced and multifaceted
approach in designing and implementing Al-based
educational programs to fully realize its benefits.
Ethical Boundaries and Legal Challenges of
Artificial Intelligence in Medical Education

The introduction of Al into medical education, in
addition to offering educational opportunities,
brings significant ethical and legal issues and
challenges. One of the primary concerns is the
protection of privacy and the security of student and
patient data, which has been emphasized in
numerous studies (19, 38). The use of sensitive
medical data in Al systems requires precise legal
frameworks and protective regulations to prevent
potential misuse and maintain user trust.
Furthermore, the necessity for transparency in the
functioning of Al algorithms constitutes another
key ethical issue, research indicates that users
should be informed about Al decision-making
processes and criteria to utilize this technology
responsibly (20).

Many articles also highlight legal challenges
regarding accountability in the event of errors by Al
systems. Numerous questions arise concerning who
should be held responsible for mistakes caused by
Al developers, educational institutions, or users
(16, 38). Such ambiguities may hinder broader
adoption of these technologies in medical education
and underscore the need for clear, coherent laws
and policies. Educational equity represents another
ethical dimension, studies emphasize that Al should
not exacerbate disparities in access to education and
that solutions must be designed to ensure all
students, regardless of geographical or economic
status, can benefit from these technologies in
educational environments (19, 35).

Finally, the importance of ethical and legal
education regarding Al for both students and
faculty has been emphasized to ensure the
development of awareness and skills necessary to
navigate complex ethical and legal issues, allowing
Al applications to align with human and
professional values (34, 37). Overall, the ethical
and legal boundaries of Al in medical education
constitute a critical issue that requires
interdisciplinary collaboration among technology
experts, legal professionals, educators, and medical
ethicists to develop comprehensive and balanced
strategies.

Future Perspectives and Emerging Research
Directions in the Integration of Artificial
Intelligence and Medical Education

Based on emerging trends in recent research, the
future integration of Al with medical education is
expected to involve fundamental transformations.
The first research direction focuses on the
development of personalized learning systems,
these systems, leveraging advanced language
models and deep learning, will be able to identify
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individual student needs and design learning paths
tailored to each learner’s cognitive style and level
of progress (39). The use of large language models
such as GPT in teaching communication and
clinical skills, including history-taking, represents a
practical example of this approach, demonstrating
positive outcomes in learner performance.

The second direction pertains to the application of
Al in designing blended educational environments
with virtual and augmented reality. These
technologies, particularly in simulating medical
crises and complex scenarios, provide students with
safe and risk-free practice opportunities, while Al
enables precise performance monitoring and real-
time feedback (20, 40).

Third, research is moving toward integrating Al in
the teaching of basic and specialized medical
sciences, such as anatomy, where Al-based systems
can deliver complex concepts more interactively
and effectively by analyzing learning patterns (17).
In this approach, Al acts as a complementary tool
to the instructor, facilitating deep understanding
and serving as an explanatory and guiding resource.
The fourth emerging direction involves examining
the ethical, legal, and data security aspects of Al in
educational applications. The expansion of
generative technologies such as ChatGPT has
highlighted the necessity of revising policies,
standardizing usage, protecting the privacy of
educational and clinical data, and enhancing the
digital literacy of faculty and students (19).

A review of the selected studies revealed that Al,
with its diverse capabilities, has been instrumental
across various dimensions of medical education—
from enhancing teaching and learning methods to
analyzing educational data, predicting learner
performance, and designing personalized learning
pathways. At the same time, challenges such as
ethical considerations, institutional resistance, and
the need for digital competency among faculty
members constitute key barriers to fully realizing
the potential of this technology. The findings
indicate that forward-looking approaches in
medical education require the judicious,
responsible, and purposeful use of Al, particularly
to design flexible curricula, enable data-driven
decision-making, and enhance human capabilities
in effective interaction with emerging technologies.
These directions suggest that Al is not only
recognized as a tool for enhancing medical
education but is gradually becoming a central pillar
in transforming teaching—learning systems in the
health sciences. Such an approach necessitates
interdisciplinary research, intelligent
policymaking, and the development of continuous
evaluation strategies.

DISCUSSION

This study provides a clear depiction of the
developments in the field of artificial intelligence in

medical education. The findings indicate that Al
technologies are extensively transforming the
medical education system. By enhancing
personalized learning, clinical skills simulation, and
educational data analytics, Al has opened new
horizons in  medical education. However,
challenges such as data accuracy, ethical
considerations, and infrastructural limitations
underscore the necessity for a responsible and
systematic approach to utilizing this technology.
As demonstrated by multiple studies, including
those by Chins and the study by Nagaraj et al.,
adaptive learning systems and advanced virtual
reality-based simulators have revolutionized
clinical skills training. These technologies not only
provide students with opportunities for safe and
repeated practice but also significantly improve
learning quality through precise and real-time
feedback (20, 37).

In terms of educational innovations, research
evidence, including the studies by Hu et al. and
Mastoor et al., clearly shows that machine learning
algorithms, by analyzing individual learning
patterns, enable the design of fully personalized
learning pathways. These intelligent systems
dynamically adjust educational content based on
each student’s strengths and weaknesses, leading to
remarkable improvements in learning outcomes
(41, 42). However, as noted by Wang et al. and
Yazdi et al., numerous technical and organizational
challenges, including resistance to change and the
need for specialized infrastructure, have limited the
widespread adoption of these technologies (43, 44).
In examining implementation barriers, Lee et al.
clearly demonstrated that the lack of adequate
technical infrastructure and a shortage of
specialized personnel were the primary factors
slowing the deployment of Al systems in
educational institutions (45). On the other hand,
ethical concerns have also emerged as significant
challenges. As shown in the studies by Chu et al.
and Hay et al., issues related to data privacy,
algorithmic transparency, and bias in Al systems
have been discussed in detail. These studies
indicate that insufficient attention to these aspects
can severely undermine user trust (33, 46).
Regarding future perspectives, Pedersen and Al-
Mansour et al. emphasized the necessity of
developing comprehensive ethical-legal
frameworks. These researchers argue that the
successful integration of Al into medical education
requires interdisciplinary collaboration among
information  technology  specialists, medical
educators, and bioethics experts. Additionally,
conducting longitudinal studies to assess the long-
term impacts of these technologies on educational
quality and, ultimately, patient health is considered
a priority for future research (19, 47).

This study demonstrates that Al holds significant
potential to transform medical education, however,
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fully realizing this potential requires concurrent
attention to technical, educational, and -ethical
dimensions. As noted by Pedersen et al., the future
of medical education will depend on constructive
interaction between technology and human
instructors (47).

Based on the findings of this study, it is
recommended that future research focus on
empirical studies to accurately measure the impact
of Al on educational outcomes, the development of
culturally and contextually appropriate ethical
frameworks, and the design of monitoring systems
to continuously evaluate algorithm performance
and prevent bias.

LIMITATIONS

Despite efforts to provide comprehensive coverage
of relevant studies, this research has several
limitations. First, it was not possible to examine all
related studies due to time constraints. Second, due
to sanctions, access to some articles in specific
databases was restricted, which affected the process
of resource collection. Third, limited proficiency in
translating non-English sources constrained the
inclusion of valuable research published in other
languages. Finally, given the rapid pace of
technological advancements, some of the most
recent developments may not have been captured in
this review.

CONCLUSION

The findings of this review indicate that intelligent
technologies, particularly Al, have had a significant
impact on enhancing medical education. These
impacts include personalized learning, the use of
precise simulations for clinical training, and the

provision of more accurate and timely assessments.
Such innovations have steered education toward a
more interactive, flexible, and data-driven
experience.

However, challenges remain that hinder the full
utilization of these capabilities. These include
insufficient technical infrastructure, the need for
greater familiarity and skills among faculty
members, ethical concerns regarding data and
algorithmic decision-making, and the absence of
clear standards for the design and implementation
of these technologies. To optimize the use of Al in
medical education, three key actions are
recommended: first, the development of transparent
and actionable frameworks for ethics and privacy,
second, the provision of necessary infrastructure
and ongoing training for faculty and learners, and
third, conducting applied and field research to
assess the real-world impacts of these technologies
in educational settings.

Ultimately, the future of medical education,
through the integration of human knowledge and
intelligent technologies, has the potential to evolve
into an efficient, flexible, and responsive system
capable of meeting the needs of new generations of
students and keeping pace with the rapidly
changing healthcare landscape.
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