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Abstract 

Artificial intelligence (AI) is rapidly transforming healthcare, yet its integration into medical 

education remains inconsistent and lacks standardization across training levels. This comprehensive 

review synthesizes current research on AI applications within medical education, highlighting 

significant gaps between the growing clinical role of AI and its representation in undergraduate and 

postgraduate curricula. The review identifies disparities in AI awareness and utilization, with 

postgraduate trainees demonstrating greater familiarity than undergraduates, and notes that most 

existing educational efforts are concentrated in specialty training and continuing education, 

particularly in fields such as radiology, pathology, surgery, cardiology, and dentistry. While medical 

trainees generally express positive attitudes toward acquiring AI competencies, barriers such as the 

absence of standardized frameworks and AI taxonomy, limited faculty expertise, curricular 

constraints, and ethical considerations impede broader adoption. Drawing on examples of pioneering 

programs and a systematic analysis of curricular approaches, we propose a novel, tiered framework 

for comprehensive AI integration across the medical education continuum. This framework 

emphasizes universal AI literacy, critical evaluation skills, ethical awareness, and experiential 

learning at the undergraduate level, with extensions for specialty-specific training and advanced 

technical or leadership tracks. Recommendations include phased implementation strategies, faculty 

development initiatives, including “teach the teacher”, and competency-based assessment methods. 

The review concludes that adequate preparation of future physicians requires a shift from isolated 

AI initiatives to coordinated, longitudinal integration efforts supported by collaboration among 

educational institutions, professional societies, and technology experts. Future research should focus 

on evaluating educational outcomes, developing robust assessment tools for AI competencies, and 

examining the long-term clinical impact of AI training. 
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1. Introduction 

There is an evolving landscape of artificial intelligence in medical education with significant 

potential, yet uneven implementation across training levels. This comprehensive review synthesizes 

the current research on AI applications in medical education and proposes a novel framework for 

integrating AI across the continuum of medical training. Medical education has struggled to keep 

pace with the rapid advancements in AI technologies that are transforming healthcare delivery. 

Despite numerous calls to action, the adoption of AI teaching in undergraduate medical education 

(UME) remains limited and lacks standardization. Recent reviews have identified significant gaps 

between AI’s growing role in clinical practice and its representation in medical curricula [1,2]. 

Research shows notable disparities in AI awareness and utilization between educational levels, with 
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postgraduate students demonstrating higher levels of awareness in using medical AI than 

undergraduates [3]. This discrepancy highlights the need for a systematic approach to education on 

medical AI beginning at the undergraduate level. The integration of AI into medical curricula is 

currently focused predominantly on clinical specialty training and continuing education, with 

radiology, pathology, surgery, cardiology, and dentistry reflecting the primary clinical areas of the 

AI applications [4]. 

Ngo and co-authors emphasized the need to incorporate AI into medical school curricula, 

recognizing its future impact on medicine. Key concepts included the benefits of introducing AI at 

both the preclinical and clinical levels, developing AI literacy, understanding ethical implications 

through the creation of AI educational modules and electives, and integrating AI discussions into 

clinical rotations [5]. 

Tolentino and colleagues emphasized the necessity for medical education to adapt in response 

to the integration of artificial intelligence (AI) into the curriculum. They recommended developing 

general AI courses for undergraduate medical education (UME) and specific courses for graduate 

medical education (GME), as well as extending these concepts to continuing medical education [6]. 

Another article discussed the idea of incorporating AI education into medical school curricula 

to develop essential medical competencies. The authors identified 82 key AI competencies and 

proposed methods for their integration, emphasizing the importance of AI literacy and application 

skills. Their recommendations include incorporating AI into biostatistics, using case-based learning, 

implementing clinical rotations, and inviting guest lecturers to enhance the learning experience [7]. 

Medical trainees generally hold positive attitudes toward AI integration in their education and 

future practice. A study of radiology residents found that 72.8% believe AI improves disease 

diagnosis, and 78.18% feel radiologists should embrace AI [8]. Similarly, most medical students 

express interest in acquiring AI-related competencies during their training [4]. Factors positively 

associated with the intention to use medical AI include performance expectancy, habit formation, 

perceived benefits, and trust in the technology [3]. 

2. Existing Educational Frameworks and Programs 

2.1. Undergraduate Medical Education Initiatives 

Several pioneering institutions have implemented AI curricula at the undergraduate level: 

• The University of Illinois College of Medicine developed a curriculum that introduces AI 

fundamentals in the preclinical years and transitions to applied clinical scenarios in later years 

[9]. 

• The University of Münster integrated AI and data science into its “Medical Informatics” block, 

covering neural network foundations, AI evaluation, regulation, and hands-on sessions [10]. 

However, a systematic analysis reveals little consensus on content and methods to teach AI in 

undergraduate medical education, with considerable heterogeneity across existing programs [2]. 

2.2. Postgraduate (GME) and Continuing Education 

At the postgraduate level, specialized AI training programs have emerged: 

• Northwestern University’s Feinberg School of Medicine offers an in-depth fellowship to 

cardiology, cardiac surgery, and internal medicine trainees, beginning with computational 

fundamentals before advancing to AI applications [11]. 

• The University of Pennsylvania’s Radiology Imaging Informatics Fellowship provides 

specialized training for fourth-year residents and clinical fellows through lectures, discussions, 

and hands-on sessions [12]. 

• The Radiological Society of North America Imaging AI Foundational Certificate course has 

demonstrated effectiveness in enhancing radiology residents’ knowledge and skills in AI 

applications. Participants showed significant improvement in assessment scores after 

completion [13]. 
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• Neither the Society of Breast Imaging (SBI) nor the American College of Radiology (ACR) has 

issued a formal policy requiring the inclusion of artificial intelligence (AI) in breast imaging 

fellowship curricula. However, both organizations recognize the increasing importance of AI in 

radiology and have begun efforts to integrate AI education into their training programs [14]. 

3. Applications of AI in Medical Education 

3.1. Clinical Skills Development and Assessment 

AI tools have demonstrated effectiveness in improving practical skills, diagnosing diseases, and 

evaluating student performance. Support vector machines (SVMs) have shown high accuracy (>92%) 

in assessing students’ experiences, diagnosing acute abdominal pain, classifying skilled versus novice 

participants, and evaluating surgical training levels [15]. 

3.2. Personalized Learning and Assessment 

AI-powered adaptive learning systems analyze learners’ performance and generate 

personalized study plans, potentially optimizing educational efficiency. In assessment, AI tools are 

utilized to plan instructional methods, identify themes for test blueprinting, generate test items, and 

guide test standard-setting [16,17]. 

3.3. Teaching Laboratory Applications 

The majority of AI applications in medical education are found in training laboratories, where 

AI technologies create realistic simulations and provide immediate feedback on performance, 

allowing students to practice in safe, controlled environments [18]. 

3.4. Innovative Teaching Methods 

Datathons have become valuable educational experiences for medical trainees to develop AI 

skills in healthcare contexts. These collaborative events enable participants to work with real 

healthcare data under expert guidance, developing practical AI competencies [19]. 

4. Challenges in AI Integration 

Despite growing interest, several barriers impede effective AI integration in medical curricula: 

There is a notable lack of standardized AI curriculum frameworks and significant global 

discrepancies in implementation approaches. The absence of consensus on core competencies 

complicates consistent integration across programs. Many medical educators lack sufficient training 

and expertise in AI technologies, creating a significant barrier to effective curriculum implementation 

[20]. 

Medical educational programs may require additional faculty who are equipped with the 

expertise to create, oversee, and deliver content. Further resources and funding may be necessary, 

such as institutional access to applications, software, or licensing, all of which may create cost barriers 

to implementation. 

Additional barriers may include the placement of AI integration into already limited curricular 

time. Some workarounds include creating 4th-year medical student electives in AI and establishing 

University-wide access to AI in Medicine Clubs led by first-year medical students as officers. In 

addition, meeting accreditation standards, the inclusion of licensing examination content, and other 

competing priorities are considered challenges to incorporating innovative content. 

Ethical challenges remain regarding data collection, anonymity, consent, and ownership of 

provided data in AI-based educational tools. Additionally, practical concerns about resource 

allocation and infrastructure requirements present implementation challenges [17]. 

Recently, the AAMC provided guidance based on the work of 11 key subject matter experts 

regarding the Principles for the Responsible Use of Artificial Intelligence (AI) in medical education. 
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This framework consists of two main pillars. The first pillar focuses on integrating AI into medical 

education to support learners along their developmental journey in a responsible manner. The second 

pillar emphasizes the development and incorporation of AI into various tasks, processes, and systems 

within medical education [21]. 

5. Proposed Framework for AI Integration in Medical Education 

Based on the review of current evidence, we propose a comprehensive tiered framework for 

integrating AI across the medical education continuum: 

Tier 1: Universal AI Competencies (All Medical Trainees) 

Undergraduate Medical Education Focus: 

AI Literacy and Foundation 

• Basic AI taxonomy and concepts creating a living glossary 

• Types of machine learning, deep learning, large language models, foundational models and their 

applications in medical education and clinical healthcare 

• Data science fundamentals relevant to clinical practice 

• Critical and Analytic Evaluation of AI Tools 

• Understanding AI limitations and potential biases 

• Evaluating the quality of AI-generated information 

• Rubric evaluating Medical Student and Resident and Fellowship Trainees usage and interaction 

with AI 

• Recognizing appropriate contexts for AI utilization 

Ethical Dimensions 

• Patient privacy in the AI era 

• Informed consent with AI-assisted decisions 

• Equity and access considerations 

Implementation through Experiential Learning 

• Case-based discussions incorporating AI tools 

• Simulation exercises with AI-augmented clinical scenarios 

• Reflective practice on AI’s role in clinical reasoning 

Residency Training Extensions: 

Specialty-Specific AI Applications 

• Targeted learning about AI tools relevant to the chosen specialty 

• Supervised incorporation of AI into clinical decision-making 

• Quality improvement projects leveraging AI technologies 

Implementation through Practice-Based Learning 

• Journal clubs focused on AI applications in specialty domains 

• Structured reflection on AI integration in clinical rotations 

• Collaborative projects with AI experts may involve Clinical Quality Measures (CQMs), where 

medical students are tasked with identifying 50 to 100 cohort data points and applying an AI 

algorithm while critically evaluating the significance of the output. 

Tier 2: Advanced AI Competencies (Interested Trainees) 

Technical Proficiency Track 

• Optional certificate programs in healthcare AI to include a Certificate of Completion by 

attending AI Course material and Certificate of Competency by completing a third party 

administered exam 

• Hackathon and datathon participation opportunities 

• Research electives in AI application development 

AI Leadership Track 
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• Policy development for AI governance in healthcare 

• Quality oversight of AI implementation 

• Interprofessional collaboration models with data scientists 

Implementation through Enhanced Opportunities 

• Dedicated AI fellowships post-residency 

• Cross-disciplinary mentorship with computer science departments 

• Protected time for AI-focused scholarly activities 

Tier 3: AI Integration Infrastructure 

Faculty Development 

• Train-the-trainer programs for medical educators 

• Regular updates on evolving AI applications 

• Collaborative teaching models with informatics specialists 

Curriculum Integration Strategies 

• Embedding AI as a tool within patient-centered frameworks 

• Interdisciplinary teaching approaches 

• Longitudinal exposure throughout training 

Assessment Methods 

• Competency-based evaluation of AI knowledge and skills (Certification of Competency) 

• Portfolio assessments of AI applications in practice 

• Objective structured clinical examinations incorporating AI elements 

6. AI Framework Implementation Strategy 

This framework should be implemented through a phased approach: 

Phase 1: Foundation Building (Years 1-2) 

• Establish AI curriculum committees with multidisciplinary representation 

• Conduct needs assessments across training programs 

• Develop core educational materials and faculty training modules including AI taxonomies and 

living glossaries 

Phase 2: Pilot Implementation (Years 2-3) 

• Launch Tier 1 competencies in selected programs 

• Evaluate effectiveness through mixed-methods assessment 

• Refine the curriculum based on feedback and outcomes 

Phase 3: Comprehensive Integration (Years 3-5) 

• Scale implementation across training levels 

• Develop Tier 2 specialized tracks 

• Establish continuous quality improvement mechanisms 

7. Conclusions 

Integrating AI in medical education represents a significant challenge and opportunity for 

preparing future physicians. Current evidence demonstrates growing recognition of AI’s importance 

in medical training, with emerging programs showing promising results in enhancing trainees’ 

knowledge and skills. The proposed tiered framework addresses the need for standardized yet 

flexible approaches to AI education across the continuum of medical training. To effectively prepare 

the next generation of physicians, medical education must evolve from isolated AI initiatives to 

comprehensive integration that balances technical competency with ethical awareness. This requires 

collaborative efforts between medical schools, residency programs, professional societies, and 

technology experts to develop curricula that equip healthcare professionals with the knowledge and 

skills needed to leverage AI as a powerful tool in improving patient care. Future research should 
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focus on evaluating the effectiveness of different educational approaches, developing valid 

assessment methods for AI competencies, and understanding the long-term impact of AI training on 

clinical practice and patient outcomes.  
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