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Abstract

This review article examines the impact of Artificial Intelligence (AI) on the digital transformation of clinical
education through a comprehensive SWOT (strengths, weaknesses, opportunities, and threats) analysis. Al
offers several strengths, including innovative learning strategies through simulations and virtual patients,
personalized learning paths, advanced clinical training, and enhanced communication skills. However, Al faces
weaknesses such as a lack of transparency, potential for misinformation, limited curriculum integration, and
access inequality. Opportunities include managing information overload, providing real-time feedback,
supporting multiple languages, and generating clinical scenarios. Threats include misinformation and bias,
overdependence on Al, privacy concerns, lack of human interaction, and access inequality. Addressing these
challenges is critical to fully realize Al's potential in medical education.
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Introduction

Traditional medical education often follows a teacher-centric approach, where content and learning pace are
primarily determined by instructors, leading to passive student engagement and limited personalization.
Integrating artificial intelligence (AI) in medical education revolutionizes traditional learning methods by

offering innovative solutions that enable more personalized and efficient medical education.! (Table 1)

Table 1. Comparison of Traditional vs. Al-Driven Medical Education Methods

Aspect Traditional Methods Al-Driven Methods
Scalability Limited to classroom size and | Highly scalable across large groups
instructor availability with flexible access

Personalization | One-size-fits-all approach with | Tailored learning paths based on

limited customization individual student needs
Feedback Delayed and dependent on educator | Real-time, automated feedback
availability through Al systems
Access to | Limited exposure to rare cases due | Ability to simulate rare, complex, and
Diverse to resource constraints diverse cases

Scenarios

Accessibility by | Restricted by location and time; in- | Accessible anytime, anywhere with

Students person attendance required internet access, supporting flexible
learning

Interactivity Primarily passive learning through | Highly interactive, immersive learning

and lectures experiences through simulations and

Engagement virtual patients

Availability of | Limited by faculty availability and | Vast digital resources accessible to
Resources physical resources students at their convenience

Al enhances knowledge acquisition, skill development, and understanding of complex medical concepts
through personalized learning paths, real-time feedback, and immersive simulations of clinical scenarios for

learners. Al tools streamline curriculum development, automate grading and assessments, and offer data-
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driven insights into student performance, allowing for more targeted and effective teaching strategies for

educators.23 (Figure 1)
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Learners

Educators

* Personalized learning paths

* Chatbots, virtual patients and
simulations

* Real-time feedback and
performance tracking
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through Al simulations
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content
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* Collaborative learning and o
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Figure 1. Al Applications in Medical Education for Learners and Educators

As conversational agents, chatbots have become increasingly prominent in medical education, offering
students instant access to information, personalized guidance, and interactive learning experiences that
complement traditional teaching methods. These chatbots can be designed to follow predetermined flows
(rule-based) or be powered by AL#* Traditional rule-based chatbots have been used in medicine for several
years, primarily offering scripted responses and limited interaction capabilities. However, the advent of Al and
large language models (LLMs) marked a significant leap forward.5 LLMs are advanced Al systems trained on
extensive datasets, including vast amounts of online content, enabling them to generate natural, human-like
text and other outputs. These models, with their sophisticated natural language processing (NLP) capabilities,
are precious in medical education.® Widely known LLMs include ChatGPT (OpenAl), Palm (Google), and LLaMA
(Meta).” These models have been increasingly integrated into healthcare to provide general information,
support decision-making, aid in diagnostic processes, improve practical skills, and evaluate student
performance; however, further research with rigorous validation is needed to identify the most effective Al
tools for medical education. 8 Ai-driven educational chatbots, often deployed online, offer an innovative
approach to delivering education by providing instant responses and engaging students in interactive learning
activities.? This personalized interaction enhances the learning experience and allows educators to focus more

on curriculum development and research, thus promoting a more efficient and effective educational process.10
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Simulations and virtual patients (VPs) are critical components in modern medical training.1112 They provide a
controlled, interactive environment where students can practice clinical skills. Al-driven technologies, such as
NLP and machine learning, enable the creation of sophisticated virtual patients that can mimic real-life patient
interactions. These tools are precious in enhancing diagnostic skills and improving patient communication.3
In these simulations, learners act as healthcare providers, gathering information, suggesting diagnoses, and
managing patient care. Virtual patients allow medical students to practice communication and clinical

reasoning skills in an immersive, interactive environment that replicates real-life medical scenarios.3

This article aims to explore the impact of Al on the digital transformation of clinical education by conducting a
comprehensive SWOT(strengths, weaknesses, opportunities, and threats) analysis, focusing on how Al-driven
tools enhance personalized medical training, address current educational challenges, and shape the future of

healthcare learning environments.

Materials and Methods

To establish a comprehensive foundation for the SWOT analysis on the transformation of clinical education
through artificial intelligence, an exhaustive literature review was conducted using PubMed. The search was
performed in PubMed using the query [Title/Abstract]: (medical education) OR (medical training) AND
(artificial intelligence). This search strategy yielded 737 relevant articles. The articles were screened based on
relevance to the intersection of medical education and artificial intelligence. Articles that were outdated or did
not contribute significantly to the focus of the study were excluded. Key information, including significant
findings, theoretical frameworks, and pertinent factors for the SWOT analysis, was systematically extracted
from the selected articles. The extracted data was critically analyzed and categorized into the SWOT themes
strengths, weaknesses, opportunities, and threats. This synthesis facilitated the identification of primary

factors influencing the integration of Al in clinical education.
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SWOT Analysis

The key points of the SWOT analysis for Al in medical education are presented in Table 2.

Table 2. The key points of SWOT analysis for Al in medical education

Strengths Opportunities

- New Education Strategies: Al Simulation and | - Management of Information Overload
VPs - Multidisciplinary Approach

- Personalized Medical Education - Multi-Language Support

- Advanced Clinical Training and Skill | - Clinical Scenario Generation
Development - Real-Time Feedback

- Enhanced Communication Skills - Retrieval-Augmented  Generation
- Assisting Exam Preparation (RAG)

- Accessibility and Equality

Weaknesses Threats

- Black Box Against Transparency - Bias and Misinformation

- Artificial Hallucination and Inaccurate | - Overdependence

Citation - Privacy and Ethical Concerns

- Limited Up-to-Date Information - Lack of Human Interaction and
- Limited Integration in the Medical | Emotions

Curriculum - Access Inequality

- Limited Evaluation in Specific Areas

Strengths
Novel Learning Strategies: Al-powered Simulation and Virtual Patients

Integrating Al in simulation-based education offers innovative learning strategies that are transforming
medical training. Al-driven simulations, including high-fidelity mannequins and virtual patients, have proven
essential in enhancing safety and quality across various industries, especially healthcare.!* These simulations
can replicate real-life scenarios, including rare and complex cases, allowing students to practice repeatedly
without posing risks to real patients. Immediate feedback these simulations provide further supports skill

development and knowledge retention. 15
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For instance, a study utilizing a 'no-code' generative Al platform to create virtual patient avatars found that
87% of trainees rated the tool as intuitive and accurate, highlighting its potential for specialized medical
training.’6 The ability to tailor these simulations to specific medical specialties provides realistic practice
scenarios that enhance learning outcomes. In dental education, Al tools are increasingly used to refine
procedural training and improve diagnostic accuracy, offering a controlled and safe environment for students
to hone their skills.15 In surgical training, Al-enhanced simulations, such as robot-assisted surgery training and
virtual reality platforms, allow students to master complex techniques and decision-making skills, effectively
preparing them for real-world surgical procedures.1” Radiology education also benefits significantly from Al,
with Al-powered systems assisting in image interpretation pattern recognition and providing automated
feedback to trainees, thereby improving diagnostic skills and clinical readiness.!® These advancements
underscore the transformative potential of Al in medical education, offering personalized, immersive, and
compelling learning experiences across diverse medical fields. The continued integration of Al-driven

simulations will be critical in shaping the future of healthcare training.

Al-driven gamification is increasingly recognized as an effective tool in medical education, combining game
elements like rewards and challenges with immersive learning. For example, a pilot study using virtual reality
(VR) and gamification for training new nurses on responding to respiratory decline in infants showed

promising results, with learners responding better to VR compared to traditional methods. 1°
Personalised Medical Education

Al tools are crucial in personalized medical education by adapting to each student's unique learning needs and
pace, offering a more tailored and practical learning experience.2? For instance, Al-driven platforms like
ChatGPT can be utilized to create virtual tutors or assistants that provide personalized support by answering
questions and helping with homework. This addresses the challenge teachers often face in designing study
plans and learning resources that cater to students’ diverse learning styles and abilities within a classroom
environment. 2! The personalized approach Al offers can significantly enhance educational outcomes by
providing more engaging learning experiences that are responsive to individual needs. A systematic review
found that chatbots in education can effectively personalize learning activities, support educators, and gain
deep insights into students’ learning behaviours. Additionally, ChatGPT’s ability to tailor content to individual
learners facilitates a more interactive and practical learning environment, enabling students to understand

complex medical concepts better and apply them in clinical practice.*22
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Advanced Clinical Training and Skill Development

Al integration in medical education has improved diagnostic accuracy and procedural skills, with chatbots like
ChatGPT demonstrating high levels of consistency and insightful explanations. These capabilities make them

valuable resources for medical education and clinical decision-making. 423

While effective, traditional standardized patient (SP) encounters are often costly and time-intensive. The rise
of telemedicine and virtual SP encounters presents a more accessible and efficient alternative, enabling
residents to practice clinical skills in a controlled and simulated environment. Al-driven simulations further
enhance these opportunities by providing scalable, cost-effective training tailored to meet individual learning

needs, ultimately improving the quality and accessibility of medical education. 24

Moreover, Al simulations are instrumental in training students to manage patients with undifferentiated
symptoms where the diagnosis is not immediately clear. This capability is crucial for developing the skills to

conduct thorough assessments and consider multiple potential diagnoses. 13.25

Additionally, recent research, such as a 2023 protocol focused on Al in wound care education, underscores the
importance of leveraging Al to optimize patient outcomes through enhanced educational strategies.?6 Exposure
to various clinical conditions through Al-powered simulations can help bridge training gaps and improve

students’ diagnostic skills, better preparing them for real-world medical challenges.
Enhancing Communication Skills

The importance of diverse communication strategies in medical education cannot be overstated, particularly
when training involves interactions with varied patient personalities. Research consistently shows that
communication skills are a core physician competency that directly influences patient outcomes, including
recall, adherence to therapy, and overall patient satisfaction.2? Al simulations provide diverse and realistic case
scenarios, offering students opportunities to improve their communication skills while practicing clinical
decision-making.28 Through Al-simulated patients, learners can engage in authentic clinical interactions,
allowing them to effectively develop their bedside manner and patient engagement strategies. Research has
shown that VPs are particularly useful in enhancing communication skills, including nonverbal communication,

by responding dynamically to users' emotional states and promoting deeper engagement.2°

A recent study explored the innovative use of Al chatbots, specifically ChatGPT, in training physicians to deliver
bad news—a critical skill in fields like emergency medicine. By offering detailed prompts to the Al chatbot,
educators were able to create realistic clinical scenarios, facilitate active roleplay, and provide real-time

feedback to trainees. The results demonstrated that ChatGPT could successfully simulate a training
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environment using the SPIKES framework for delivering bad news and offering clear and structured feedback.
This proof-of-concept study highlights the significant potential of Al chatbot technology to contribute to

graduate medical education by offering new opportunities for skill development and interactive learning.30
Accessibility and Equality in Medical Education

Al-driven technologies have the potential to bridge gaps in accessibility and promote educational equality in
medical training. The rise of telemedicine encounters provides a more accessible and efficient alternative to
traditional clinical training, allowing residents to practice clinical skills in a controlled, simulated environment.
This approach is particularly beneficial when access to physical training resources is limited. A comprehensive
review of 80 articles highlights that educational chatbots have been successfully applied in diverse fields such
as health advocacy, language learning, and self-advocacy.3! Studies indicate that chatbots enhance student
engagement and motivation and provide immediate, personalized assistance, making education more inclusive
and accessible. Their applications extend beyond basic interactions, offering features like answering frequently
asked questions, conducting short quizzes, providing scaffolding, and recommending targeted learning
activities.# Furthermore, Al tools can be instrumental in patient education by creating customized, easy-to-
understand materials tailored to different literacy levels and languages. By improving both clinical training and
patient education, these advancements offer a pathway to more efficient and effective healthcare delivery.3Z By
offering these capabilities, Al tools ensure that learners from various backgrounds can access high-quality

educational resources, contributing to a more equitable learning environment.
Assisting Exam Preparation

Al-driven tools like chatbots and language models have shown the potential to support medical students’ exam
preparation and performance. Although current chatbots are still limited in consistently generating reliable
board-style questions and clinical assessments, future developments could focus on creating customizable
clinical vignettes that mimic USMLE or specialty exam formats. These tools would provide interactive, real-
time feedback, helping students identify areas of strength and weakness.32 For instance, studies have
demonstrated that ChatGPT can perform at or near the passing threshold for the USMLE, indicating its utility
in preparing for high-stakes exams.23 Additionally, ChatGPT has been tested on advanced specialty exams and
performed successfully, showing its capability in postgraduate education as well.33 The tool has also proven
useful for undergraduate medical education, particularly in addressing higher-order reasoning questions in
subjects like biochemistry.34 (4). Beyond traditional exams, ChatGPT supports continuous medical education
for practicing clinicians by offering up-to-date, evidence-based information to enhance decision-making and
patient care.3> Furthermore, the platform facilitates self-directed learning by adapting to students’ needs,

guiding them through complex scenarios, and reinforcing understanding through conversations.36:37
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Weaknesses
Blackbox Against Transparency

One of the primary concerns with Al in education is the "black box" nature of these technologies, particularly
with deep learning models.38 These systems often lack transparency in their decision-making processes,
making it difficult for users to understand how specific conclusions are reached. This lack of clarity can lead to
frustration and discomfort, as students and educators cannot verify the reasoning behind specific outputs or
decisions. In educational contexts, where transparency and trust are crucial for creating a positive learning
environment, without insight into why an Al system arrived at a particular conclusion, students may struggle
to trust the feedback, which can diminish the educational value and overall effectiveness of these
technologies.1739 (2, 3). For Al to be fully integrated into education, especially in fields like medicine, it is
essential to prioritize transparency, ensuring that users can understand and validate the underlying processes

that inform Al-generated outcomes.
Artificial Hallucination and Inaccurate Citation

One of the key weaknesses of Al in medical education is the occurrence of "artificial hallucination," where Al
systems generate responses that are either factually incorrect or entirely fabricated while delivering them with
a high degree of confidence.*® These misleading outputs can be particularly problematic because they are often
presented convincingly, making it difficult for users to distinguish between correct and erroneous content. This
risk becomes significant when students rely heavily on Al-generated information, potentially leading to the
spread of inaccuracies in their learning. Additionally, Al-powered chatbots face challenges in providing reliable
citations. The tendency of some Al systems to produce fabricated references or incomplete sources undermines
academic integrity and poses risks to students who may unknowingly incorporate false information into their
work.32 For Al to be more effective in educational settings, it must be equipped to reference credible, evidence-
based sources consistently. To mitigate these risks, Al tools should be designed to adhere to ethical and

scientific standards, ensuring the accuracy of their outputs.
Lack of up-to-date information

A significant weakness of current Al technologies, including chatbots and large language models like GPT-4, is
their reliance on static datasets. These models are trained on data that is current only up to a specific cutoff
date, meaning they do not have access to the latest research or developments that occur after their last update.
This limitation generates outdated or scientifically inaccurate information, which can be problematic in fields
like medicine, where staying up-to-date is critical. Therefore, Al-generated content must be carefully reviewed

and verified before use to avoid disseminating obsolete or incorrect information. 41
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Limited Integration of Al in Medical Curriculum

Despite the growing relevance of Al in healthcare, it remains underrepresented in the medical curriculum,
giving students limited opportunities to deeply engage with the subject and develop essential expertise.*?
Dartmouth Medical School has introduced an Al patient app to help students practice interviewing skills,
demonstrating how Al can enhance traditional medical education methods.*3 A multi-center study conducted
in Turkey revealed that while most medical students perceive Al as a tool that could improve access to
healthcare and reduce errors, only 6% felt competent to inform patients about Al applications, highlighting
significant educational gaps. The study emphasized the urgent need to restructure medical curricula to equip
future physicians with the knowledge and skills necessary for effectively using Al while addressing ethical
concerns and preserving professional values.#* While some institutions have made strides in incorporating Al
into their programs, such initiatives are still not widespread. A recent study outlined key competencies that
medical graduates need to be prepared for the implications of Al, further emphasizing the importance of
integrating Al education into medical curricula.#> To fully prepare the next generation of healthcare
professionals, medical education must evolve to include comprehensive Al training, ensuring that students are
equipped with the knowledge and skills necessary to navigate an increasingly technology-driven healthcare

environment.
Limited Evaluation in Specific Areas

While Al is promising to transform medical education, its evaluation and effectiveness in certain areas remain
limited. For instance, Project TOUCH integrates advanced technologies like virtual reality and Al to enhance
problem-based learning in medical education.#¢ However, the study primarily focused on an ongoing project.
It lacked empirical data comparing the effectiveness of Al-enhanced virtual patient simulations to traditional
paper-based case tutorials, revealing a significant research gap.” Moreover, despite advancements in Al
simulations in specialized fields such as surgery and dentistry, primary care has yet to see widespread adoption
of these technologies. Expanding Al simulations into primary care could provide substantial benefits, such as
improving training for common conditions and enhancing diagnostic accuracy. By simulating complex and
undifferentiated patient scenarios, Al can help students develop well-rounded clinical skills and better prepare
for real-world practice.*8 Addressing these evaluation gaps is crucial for the broader implementation and

optimization of Al tools across various medical disciplines.
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Opportunities
Management of Information Overload

In today’s rapidly evolving medical landscape, the sheer volume of medical information is expanding at an
unprecedented rate, making it increasingly difficult for healthcare professionals to stay updated. Al has the
potential to alleviate these challenges by efficiently processing large amounts of data and supporting physicians
in making informed decisions.8 Integrating LLMs into medical education offers real-time, interactive access to
vast reservoirs of medical knowledge tailored to the learner's level. These tools assist in answering clinical
questions, suggesting differential diagnoses, generating educational materials, and enhancing the
understanding of complex medical concepts.#® Given the challenge of staying current with rapidly advancing
medical literature, LLM tools like ChatGPT can integrate Al text classifiers to help students and educators
quickly identify relevant research, categorize extensive scientific data, and generate concise summaries. These
features support continuous learning and ignite interest in specific research areas. Furthermore, chatbots offer
personalized assistance by acting as interactive tutors, guiding students through challenging concepts,
automating the creation of study materials such as flashcards, and developing memory aids like mnemonics.
This personalized support enhances active recall and retention of key information, making Al a powerful tool

in modern medical education.32
Realtime Feedback

Al-powered educational platforms are revolutionizing how feedback is delivered in medical training by
providing real-time, automated insights crucial for skill development. One such example is the Virtual
Operative Assistant, an educational tool designed to offer automated feedback on surgical performance by
aligning with expert proficiency benchmarks. This system has shown high accuracy, specificity, and sensitivity
in distinguishing between skilled and novice participants during neurosurgical tasks, making it an effective
formative tool in surgical education.l” Combining expertise classification, objective feedback, and instructor
input creates a comprehensive learning environment that supports the integration of Al and virtual reality
simulations in medical education. Future advancements in this area will likely refine these feedback systems

and broaden their application across various levels of medical expertise.

Additionally, Al-driven intelligent tutoring systems (ITSs) are increasingly used in medical education to mimic
the benefits of one-on-one human tutoring. These systems analyze extensive data related to a student’s
performance, learning style, and progress, allowing them to identify gaps in knowledge and provide
personalized learning experiences. ITSs can adapt their teaching strategies in real-time, offering customized
feedback, diagnosing strengths and weaknesses, curating relevant learning materials, and facilitating

collaborative learning among students.? By emulating the behaviour of skilled human tutors, Al-based ITSs
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enhance the learning process, making medical education more responsive and tailored to individual needs. The
continued integration of real-time Al-driven feedback systems in medical education promises to create more
personalized, effective, and adaptive learning experiences that can significantly improve both knowledge

acquisition and skill mastery.
Multi-language support

One of the key strengths of generative Al tools is their ability to support multiple languages, significantly
improving accessibility for non-native English speakers. These tools can communicate in several languages
beyond English, offering a more inclusive learning environment compared to earlier chatbots. However, the
effectiveness of this multi-language capability varies depending on the quality and quantity of training data
available for each language.5? By facilitating translation and correction of scholarly work, Al tools help reduce
language barriers, allowing research from non-native English-speaking countries to be evaluated more
equitably alongside work from native speakers.5! This enhanced accessibility contributes to a more diverse and
inclusive academic environment, ensuring that language differences do not hinder global collaboration and

knowledge-sharing in medical education.>2
Clinical Scenario Generation

Al-generated clinical case vignettes present a promising opportunity to streamline the creation of diverse and
inclusive medical training scenarios. Traditionally, developing clinical vignettes has been resource-intensive
and time-consuming, requiring significant expertise. However, with the advent of Al tools like ChatGPT and
image generators, educators can now automate the production of a wide variety of clinical scenarios that are
both realistic and customizable, significantly reducing costs and time.53 This capability allows for the rapid
generation of large volumes of clinical vignettes that better represent varied patient populations, addressing
common biases and enhancing the realism of medical education.2! Moreover, research has demonstrated the
effectiveness of Al in creating realistic virtual standardized patient dialogues. For example, studies focusing on
scenarios like prenatal counseling have shown that Al can expand virtual patient programs by generating
diverse and engaging patient interactions that improve the quality of medical training.5* By leveraging Al in
clinical scenario generation, educators can provide students with broader clinical experiences, better

preparing them for real-world decision-making and patient care.
Citation-Based Response Generation

While current Al-driven chatbots still face limitations due to their reliance on diverse internet sources, they
hold significant potential for future refinement in clinical applications. Al-powered tools could be enhanced to

deliver evidence-based, scenario-specific information in a conversational format, making complex medical
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concepts more accessible and supporting better clinical decision-making.32 These tools can also serve as quick
references for medication guidelines, drug interactions, and treatment protocols, streamlining the learning
process for students. As chatbots become more integrated with electronic medical records, they could assist in
generating consistent medical documentation while still encouraging critical thinking and decision-making
skills among students. The development of citation-based response generation within Al tools can lead to more

accurate, reliable, and educationally beneficial resources for both students and educators.
Retrieval-augmented generation (RAG)

The integration of advanced Al techniques like retrieval-augmented generation (RAG) offers significant
benefits in medical education by improving both the accuracy and relevance of Al-generated content. Unlike
traditional models that rely solely on pre-existing training data, RAG retrieves information from external
databases before generating responses, grounding its output in the most up-to-date and verified sources. This
reduces the risk of Al hallucinations, ensuring students receive accurate and reliable information.>> By
incorporating RAG, educators can enhance learning experiences with detailed, real-world case studies that are
directly relevant to complex medical topics like electrolyte imbalances in chronic kidney disease (CKD).
Accessing current case reports and clinical scenarios enriches the curriculum, making it more interactive,
evidence-based, and aligned with current medical practices.5¢ As a result, students are better equipped to apply

theoretical knowledge in real-world contexts, thereby enhancing their preparedness for medical careers.
Multidisciplinary Approach

In medical education, fostering a multidisciplinary perspective is crucial for preparing healthcare professionals
to navigate complex, real-world scenarios. RAG’s ability to draw insights from various medical disciplines
makes it a valuable tool for this purpose. For example, when teaching conditions like chronic obstructive
pulmonary disease (COPD) complicated by heart failure, RAG can integrate knowledge from pulmonology,
cardiology, and pharmacology, providing a comprehensive understanding of how different body systems
interact. This holistic approach helps students appreciate the importance of interdisciplinary collaboration in
patient care, enhancing their critical thinking and decision-making skills. By incorporating multiple
perspectives into case-based learning, educators can prepare students to manage complex cases effectively and

develop the collaborative mindset necessary in modern healthcare.5¢
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Threats
Misinformation and Bias

One of the significant threats associated with Al models in medical education is the potential for misinformation
and algorithmic bias. Al models, including LLMs like GPT-4, are often trained on datasets that may inherently
contain biases, reinforcing stereotypes and social biases. These biases can have serious implications for medical
education, affecting the quality and fairness of student training.2! Ensuring that Al models are trained on
diverse and accurate datasets and incorporating rigorous validation mechanisms are crucial to mitigating these
risks. Addressing misinformation and bias is essential to fully realize the benefits of Al in medical education

while minimizing potential harm.5057
Overdependence

Overreliance on Al models in medical education presents a significant threat, especially when misinformation
is convincingly delivered. Despite ongoing advancements, models like GPT-4 can still generate incorrect or
misleading information, which poses a risk if students and educators accept these outputs without proper
verification.’6 This dependence on Al tools can undermine the development of essential skills in medical
students, such as critical thinking, problem-solving, and effective communication. The convenience of Al-
provided answers might reduce students’ motivation to engage in independent research and draw their
conclusions. As a result, students could miss opportunities to cultivate analytical skills that are crucial in

medical practice.5?
Privacy and Ethical Concerns

The development of Al algorithms typically requires vast amounts of data, raising ethical issues related to
patient consent, data privacy, and security. In particular, handling sensitive patient data in educational contexts
introduces complex challenges that demand strict adherence to regulatory and ethical guidelines. Privacy
concerns extend to the risks associated with Al's ability to manage sensitive student and patient data, which
could lead to significant data breaches or misuse if not properly managed.8 Safeguarding patient privacy
requires robust data protection measures and strict regulatory compliance. Additionally, the potential for Al to
generate errors or biases in data presents a unique challenge, as these mistakes could impact both educational

content and clinical decision-making, 58
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Another key ethical issue is the balance between Al-driven efficiency and human oversight. While Al offers
substantial benefits in automating educational processes, there remains a critical need for human verification
and the ability to identify and correct errors generated by Al systems. Ensuring transparency, accountability,
and the ethical use of Al tools necessitates establishing clear guidelines and regulatory frameworks. This
includes addressing the risks of algorithmic bias, ensuring data accuracy, and maintaining the ethical standards
that underpin medical education.! Addressing these privacy and ethical challenges is crucial to ensuring the

responsible use of Al in medical education while maintaining trust and safeguarding data integrity.>°
Lack of Human Interaction and Emotions

Al applications often lack the human element essential in healthcare, particularly in understanding and
responding to emotional reasoning, which is crucial in medical education and patient interactions. Current
LLMs, while advanced, are limited to textual interfaces and are unable to recognize physical gestures or
movements, nor can they convey emotions.>? This absence of human interaction can harm students who value
personal connections with educators. Studies, such as one conducted by D'Mello and colleagues, have shown
that students who engaged with virtual tutors that mimicked human-like emotional behaviour achieved better
learning outcomes than those who interacted with emotionless virtual tutors. The challenge of humanizing
generative Al tools—to provide accurate responses and exhibit emotions and a distinctive personality—

remains significant.>?
Access Inequality

Despite the potential benefits of Al in education, access to these tools is not universally equitable. Students
from disadvantaged backgrounds, those with disabilities, or those who are not proficient in English often face
significant barriers to benefiting from Al-enhanced education. These disparities risk widening the educational
gap, particularly as Al tools become more integrated into learning environments.57 LLMs offer multilingual
support, but their effectiveness varies depending on the language and the availability of high-quality training
data. This variation makes these tools less accessible to non-English speakers, limiting their usefulness for a
global audience. Additionally, limited internet access, high subscription costs, and a lack of familiarity with
technology can disproportionately affect students from lower-income backgrounds or underfunded
institutions.59 A recently developed scale, the Medical Artificial Intelligence Readiness Scale for Medical
Students (MAIRS-MS), could serve as a valuable tool to assess and address these gaps, providing a foundation

for more equitable Al integration in education. 6°
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Limitations

This review article primarily draws on existing literature and case studies to analyze the integration of Al in
medical education. However, the rapidly evolving nature of Al technologies presents a challenge, as newer tools
and updates may quickly outdated some of the findings and discussions. Additionally, while the article covers
a broad range of Al applications, it does not delve deeply into the long-term effects of Al integration on student

outcomes, as comprehensive longitudinal studies are still limited.

In conclusion, the findings of this study align with prior reviews in highlighting the transformative potential of
Al in medical education, particularly in areas such as personalized learning, enhanced accessibility, and real-
time feedback. Similar to previous studies, our analysis underscores the significance of Al-driven simulations
and VPs in bridging gaps in traditional educational methods. However, this study diverges in its emphasis on
the challenges specific to integrating Al in medical curricula, particularly the limited adoption in low-resource
settings and primary care training, which were less explored in previous reviews. Incorporating a SWOT
framework offers a structured lens to compare strengths and limitations, providing unique insights into
balancing Al's benefits and risks in educational contexts. These findings extend prior research by
contextualizing Al's impact within the evolving needs of multidisciplinary healthcare education, particularly

emphasizing equitable access and curriculum integration.

In conclusion, integrating Al into medical education offers transformative potential by addressing longstanding
challenges, enhancing learning experiences, and providing personalized educational pathways for learners and
educators. Students can use Al-powered simulations, real-time feedback systems, and advanced data
management to engage in more interactive and effective learning environments. However, successfully
implementing these tools requires overcoming significant challenges, including issues related to transparency,
misinformation, equity, and ethical considerations. As Al technologies continue to evolve, a balanced approach
that leverages their strengths while addressing their limitations is essential for shaping the future of medical
education. Ongoing research, collaboration, and strategic regulation will ensure that Al-driven education

delivers its full potential while maintaining the core values of medical training and patient care.
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