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[bookmark: _Toc223632548]Table S1. Search Strategy 
Search date: 7/28/2025

	Database (Platform)
	Search
	Results

	pubmed (nlm)
	("Competency-Based Education"[Mesh] OR "Curriculum"[majr:noexp] OR competency[tiab] OR competencies[tiab] OR proficient[tiab] OR proficiency[tiab] OR proficiencies[tiab] OR framework*[tiab] OR AI-concept[tiab] OR AI-concepts[tiab] OR AI-principle*[tiab] OR AI-strateg*[tiab] OR standard[tiab] OR standards[tiab] OR literate[tiab] OR literacy[tiab] OR benchmark*[tiab] OR bench-mark*[tiab] OR learning-goal*[tiab] OR learning-target*[tiab] OR learning-outcome*[tiab]  OR educat*-outcome*[tiab] OR educat*-goal*[tiab] OR AI-curricul*[tiab] OR delphi-study[tiab]) AND ("Artificial Intelligence"[Majr] OR AI[tiab] OR artificial*-intelligen*[tiab] OR GenAI[tiab] OR machine-learning[tiab] OR algorithm*-bias[tiab] OR ((algorithm*[tiab] OR chatbot*[tiab] OR LLM[tiab]) AND (literacy[tiab] OR literate[tiab] OR literacies[tiab] OR ethic*[tiab]))) AND ("Education, Medical"[Mesh] OR "Schools, Medical"[Mesh] OR "students, medical"[mesh] OR "Faculty, medical"[majr] OR medical-educat*[tiab] OR medical-school*[tiab] OR medical-college*[tiab] OR "school of medicine"[tiab] OR "college of medicine"[tiab] OR medical-student*[tiab] OR medic*-trainee* OR trainee*-doctor*[tiab] OR AAMC[tiab] OR medical-curricul*[tiab] OR clinical*-curricul*[tiab] OR medic*-curricul*[tiab] OR undergraduate-medical*[tiab])
	990

	embase.com (elsevier)
	1. 'education'/mj OR 'Competency based education'/exp/mj OR 'curriculum'/mj OR 'goal-directed learning'/exp/mj OR (competency OR competencies OR proficiency OR proficiencies OR framework* OR frame-work* OR standard$ OR literate OR literacy OR literacies OR benchmark* OR bench-mark* OR ((artificial-intelligen* OR AI) NEAR/3 (concept* OR principle* OR strateg* OR curricul* OR educat*)) OR ((learning OR educat* OR curricul*) NEAR/1 (goal$ OR outcome* OR target*)) OR delphi-study):ti,ab,kw

2. 'Medical Education'/exp OR 'Medical School'/mj OR 'Medical student'/mj  OR (((medical* OR medicine) NEAR/2 (college$ or school$ OR student$ OR curricul* OR educat* OR undergrad* OR trainee*)) OR AAMC OR trainee*-doctor*):ti,ab,kw

3. 'Artificial intelligence'/exp/mj OR 'large language model'/mj/exp OR (AI OR artificial*-intelligen* OR GenAI OR machine-learning OR ((algorithm* OR chatbot OR LLM OR chat-bot) NEAR/3 (litera* OR ethic* OR bias* OR principle* OR standard*))):ti,ab,kw

4. #1 AND #2 AND #3 AND [embase]/lim
	1260

	web of science – sci-exp, cpci-s, esci, sshi 
	2. TI=(competency OR competencies OR proficiency OR proficiencies OR framework* OR frame-work* OR standard$ OR literate OR literacy OR literacies OR benchmark* OR bench-mark* OR ((artificial-intelligen* OR AI) NEAR/3 (concept* OR principle* OR strateg* OR curricul* OR educat*)) OR ((learning OR educat* OR curricul*) NEAR/1 (goal$ OR outcome* OR target*)) OR delphi-study) OR AB=(competency OR competencies OR proficiency OR proficiencies OR framework* OR frame-work* OR standard$ OR literate OR literacy OR literacies OR benchmark* OR bench-mark* OR ((artificial-intelligen* OR AI) NEAR/3 (concept* OR principle* OR strateg* OR curricul* OR educat*)) OR ((learning OR educat* OR curricul*) NEAR/1 (goal$ OR outcome* OR target*)) OR delphi-study) OR AK=(competency OR competencies OR proficiency OR proficiencies OR framework* OR frame-work* OR standard$ OR literate OR literacy OR literacies OR benchmark* OR bench-mark* OR ((artificial-intelligen* OR AI) NEAR/3 (concept* OR principle* OR strateg* OR curricul* OR educat*)) OR ((learning OR educat* OR curricul*) NEAR/1 (goal$ OR outcome* OR target*)) OR delphi-study)

2. TI=(((medical* OR medicine) NEAR/2 (college$ or school$ OR student$ OR curricul* OR educat* OR undergrad* OR trainee*)) OR AAMC OR trainee*-doctor*) OR AB=(((medical* OR medicine) NEAR/2 (college$ or school$ OR student$ OR curricul* OR educat* OR undergrad* OR trainee*)) OR AAMC OR trainee*-doctor*) OR AK=(((medical* OR medicine) NEAR/2 (college$ or school$ OR student$ OR curricul* OR educat* OR undergrad* OR trainee*)) OR AAMC OR trainee*-doctor*)

3. TI=(AI OR artificial*-intelligen* OR GenAI OR machine-learning OR ((algorithm* OR chatbot OR LLM OR chat-bot) NEAR/3 (litera* OR ethic* OR bias* OR principle* OR standard*))) OR AB=(AI OR artificial*-intelligen* OR GenAI OR machine-learning OR ((algorithm* OR chatbot OR LLM OR chat-bot) NEAR/3 (litera* OR ethic* OR bias* OR principle* OR standard*))) OR AK=(AI OR artificial*-intelligen* OR GenAI OR machine-learning OR ((algorithm* OR chatbot OR LLM OR chat-bot) NEAR/3 (litera* OR ethic* OR bias* OR principle* OR standard*)))

4. #1 AND #2 AND #3
	1327

	Education Source (ebsco)
	1. DE ("Outcome-based education" OR "Competency tests (Education)" OR "Criterion referenced tests" OR "Outcome assessment (Education)" OR "Educational outcomes" OR  "Medical school curriculum" OR "Medical education standards") TI (competency OR competencies OR proficiency OR proficiencies OR framework* OR frame-work* OR standard OR standards OR literate OR literacy OR literacies OR benchmark* OR bench-mark* OR ((artificial-intelligen* OR AI) N3 (concept* OR principle* OR strateg* OR curricul* OR educat*)) OR ((learning OR educat* OR curricul*) N1 (goal OR goals OR outcome* OR target*)) OR delphi-study) AB (competency OR competencies OR proficiency OR proficiencies OR framework* OR frame-work* OR standard OR standards OR literate OR literacy OR literacies OR benchmark* OR bench-mark* OR ((artificial-intelligen* OR AI) N3 (concept* OR principle* OR strateg* OR curricul* OR educat*)) OR ((learning OR educat* OR curricul*) N1 (goal OR goals OR outcome* OR target*)) OR delphi-study) OR KW (competency OR competencies OR proficiency OR proficiencies OR framework* OR frame-work* OR standard OR standards OR literate OR literacy OR literacies OR benchmark* OR bench-mark* OR ((artificial-intelligen* OR AI) N3 (concept* OR principle* OR strateg* OR curricul* OR educat*)) OR ((learning OR educat* OR curricul*) N1 (goal OR goals OR outcome* OR target*)) OR delphi-study)

2. DE ("Medical school curriculum" OR "Medical education" OR "Anesthesiology education" OR "Clinical clerkship" OR "Clinical medical education" OR "Family medicine education" OR "Medical preceptorship" OR "Medical schools" OR "Obstetrics education" OR "Medical education policy" OR "Medical education standards" OR "Medical ethics education" OR "Medical school administration" OR "Medical school faculty" OR "Medical school graduates" OR "Medical school curriculum" OR "Medical school accreditation" OR "Medical students" OR "Women medical students") OR TI (((medical* OR medicine) N2 (college* or school* OR student* OR curricul* OR educat* OR undergrad* OR trainee*)) OR AAMC OR trainee*-doctor*) OR AB  (((medical* OR medicine) N2 (college* or school* OR student* OR curricul* OR educat* OR undergrad* OR trainee*)) OR AAMC OR trainee*-doctor*) OR KW  (((medical* OR medicine) N2 (college* or school* OR student* OR curricul* OR educat* OR undergrad* OR trainee*)) OR AAMC OR trainee*-doctor*)

3. DE ("Algorithmic bias" OR "Artificial intelligence" OR "Machine learning") OR TI(AI OR artificial*-intelligen* OR GenAI OR machine-learning OR ((algorithm* OR chatbot OR LLM OR chat-bot) N3 (litera* OR ethic* OR bias* OR principle* OR standard*)) OR AB(AI OR artificial*-intelligen* OR GenAI OR machine-learning OR ((algorithm* OR chatbot OR LLM OR chat-bot) N3 (litera* OR ethic* OR bias* OR principle* OR standard*)) OR KW (AI OR artificial*-intelligen* OR GenAI OR machine-learning OR ((algorithm* OR chatbot OR LLM OR chat-bot) N3 (litera* OR ethic* OR bias* OR principle* OR standard*))

4. S1 AND S2 AND S3
	493

	Total
	4070

	After Deduplication
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	Author Year
	Funding
	COI
	Country
	Citations*
	Study Aim
	Study Design
	Curricular Stage
	Implementation
	Gaps and Maturity

	Abid 2024
	Not Reported
	Grant / research support
	United States
	17
	Curriculum implementation / evaluation
	Mixed methods
	Clinical
	Elective
	Pilot evaluated for outcomes

	Alam 2023
	None
	None
	Brunei
	75
	Unspecified / Unclear
	Editorial / opinion
	Both
	Mandatory
	Pilot-tested in curricula

	Alghamdi 2024
	Institutional support program
	Not Reported
	Saudi Arabia
	31
	Needs assessment / perceptions
	Cross-sectional / survey
	Both
	Unspecified / NA
	Proposed-only / theoretical

	Alkhaaldi 2023
	Not Reported
	Not Reported
	United Arab Emirates
	
	Unspecified / Unclear
	Cross-sectional / survey
	Unspecified / NA
	Unspecified / NA
	Unspecified

	AlShahrani 2024
	Institutional support program
	None
	Saudi Arabia
	10
	Needs assessment / perceptions
	Cross-sectional / survey
	Both
	Unspecified / NA
	Unspecified

	AlZaabi 2025
	None
	None
	Sultanate of Oman
	1
	Needs assessment / perceptions
	Cross-sectional / survey
	Preclinical
	Mandatory
	Pilot-tested in curricula

	Bansal 2022
	None
	None
	India
	6
	Medical education adaptation commentary
	Editorial / opinion
	Both
	Mandatory
	Proposed-only / theoretical

	Burwell 2025
	None
	None
	United States
	0
	Curriculum proposal / development
	Editorial / opinion
	Both
	Mandatory
	Proposed-only / theoretical

	Çaliskan 2022
	Not Reported
	Not Reported
	Turkey
	89
	Framework / competency definition
	Delphi
	Unspecified / NA
	Unspecified / NA
	Proposed-only / theoretical

	Chen 2025
	Govt grant
	None
	China
	0
	Framework / competency definition
	Delphi
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Cussat-Blanc 2023
	Govt grant
	None
	France
	11
	Medical education adaptation commentary
	Editorial / opinion
	Unspecified / NA
	Elective
	Proposed-only / theoretical

	Henning 2021
	None
	None
	Germany
	15
	Medical education adaptation commentary
	Editorial / opinion
	Unspecified / NA
	Unspecified / NA
	Proposed-only / theoretical

	Hopson 2025
	None
	None
	United States
	1
	Curriculum implementation / evaluation
	Quasi-experimental
	Both
	Elective
	Pilot evaluated for outcomes

	Hu 2022
	None
	None
	Canada
	60
	Curriculum implementation / evaluation
	Quasi-experimental
	Both
	Unspecified / NA
	Pilot evaluated for outcomes

	Huang 2025
	None
	None
	United States
	3
	Curriculum proposal / development
	Editorial / opinion
	Clinical
	Elective
	Pilot-tested in curricula

	Imran 2020
	None
	None
	Pakistan
	74
	Unspecified / Unclear
	Editorial / opinion
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Jacobs 2023
	Not Reported
	None
	United States
	14
	Unspecified / Unclear
	Editorial / opinion
	Unspecified / NA
	Unspecified / NA
	Proposed-only / theoretical

	Jamal 2023
	None
	None
	Saudi Arabia
	54
	UUnspecified / Unclear
	Editorial / opinion
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Jong 2024
	None
	None
	Singapore
	6
	Framework / competency definition
	Editorial / opinion
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Jotterand 2022
	None
	None
	United States
	28
	Medical education adaptation commentary
	Editorial / opinion
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Katznelson 2021
	Grant support
	Not Reported
	United States
	134
	Ethics and regulatory perspective
	Editorial / opinion
	Both
	Unspecified / NA
	Proposed-only / theoretical

	Kimmerle 2023
	None
	None
	Germany
	40
	Needs assessment / perceptions
	Cross-sectional / survey
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Krive 2023
	None
	None
	United States
	68
	Curriculum proposal / development
	Quasi-experimental
	Both
	Elective
	Pilot evaluated for outcomes

	Laupichler 2024
	Not Reported
	None
	Germany
	
	Framework / competency definition
	Narrative review
	Unspecified / NA
	Unspecified / NA
	Unspecified

	Lee 2024
	Govt grant
	None
	South Korea
	22
	Framework / competency definition
	Delphi
	Unspecified / NA
	Unspecified / NA
	Proposed-only / theoretical

	Levingston 2024
	None
	Grant / research support
	United States
	4
	Curriculum proposal / development
	Editorial / opinion
	Preclinical
	Elective
	Pilot-tested in curricula

	Liaw 2022
	Not Reported
	Industry gift; Fellowship sponsorship; Employment/board role
	United States
	58
	Framework / competency definition
	Editorial / opinion
	Both
	Mandatory
	Proposed-only / theoretical

	Liu 2022
	None
	None
	United States
	58
	Needs assessment / perceptions
	Mixed methods
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Lu 2024
	None
	None
	China
	26
	Ethics and regulatory perspective
	Narrative review
	Unspecified / NA
	Unspecified / NA
	Proposed-only / theoretical

	Masters 2020
	None
	None
	Sultanate of Oman
	24
	Framework / competency definition
	Editorial / opinion
	Preclinical
	Mandatory
	Proposed-only / theoretical

	McCoy 2020
	None
	None
	United States
	196
	Framework / competency definition
	Editorial / opinion
	Both
	Mandatory
	Proposed-only / theoretical

	Meade 2023
	None
	None
	United States
	2
	Curriculum implementation / evaluation
	Curriculum proposal
	Clinical
	Elective
	Pilot evaluated for outcomes

	Mihalas 2024
	None
	None
	Romania
	2
	Curriculum proposal / development
	Curriculum proposal
	Preclinical
	Elective
	Pilot-tested in curricula

	Moldt 2024
	None
	None
	Germany
	21
	Framework / competency definition
	Qualitative / semi-structured interviews
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Ng 2023
	Not Reported
	Patent / IP
	Singapore
	78
	Framework / competency definition
	Narrative review
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Oftring 2025
	OA / publishing fund
	Founder / shareholder
	Germany
	1
	Curriculum implementation / evaluation
	Cross-sectional / survey
	Clinical
	Elective
	Pilot evaluated for outcomes

	Onoue 2024
	Govt grant
	None
	Japan
	4
	Learning objectives specification
	Delphi
	Preclinical
	Mandatory
	Proposed-only / theoretical

	Paranjape 2019
	None
	None
	Netherlands
	589
	Framework / competency definition
	Editorial / opinion
	Both
	Mandatory
	Proposed-only / theoretical

	Park 2024
	OA/publishing fund
	None
	United States
	15
	Curriculum implementation / evaluation
	Quasi-experimental
	Preclinical
	Elective
	Pilot evaluated for outcomes

	Saroha 2025
	None
	None
	United Kingdom
	4
	Curriculum proposal / development
	Editorial / opinion
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Schubert 2025
	None
	Advisory / board roles; Grant / research support
	United Kingdom
	27
	Framework / competency definition
	Editorial / opinion
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Seth 2023
	None
	Employment; Consulting / advisory
	Canada
	33
	Framework / competency definition
	Editorial / opinion
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Shimizu 2023
	None
	None
	Japan
	48
	Medical education adaptation commentary
	Cross-sectional / survey
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Singla 2024
	None
	Founder / shareholder; Consulting / advisory
	Canada
	9
	Framework / competency definition
	Delphi
	Preclinical
	Mandatory
	Proposed-only / theoretical

	Sumner 2025
	None
	Editorial role
	New Zealand
	1
	Framework / competency definition
	Cross-sectional / survey
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Theros 2025
	None
	None
	United States
	3
	Curriculum proposal / development
	Curriculum proposal
	Unspecified / NA
	Elective
	Proposed-only / theoretical

	Thomae 2024
	None
	Grant / research support; Advisory / board roles; Honoraria
	Switzerland
	25
	Curriculum implementation / evaluation
	Mixed methods
	Both
	Elective
	Pilot evaluated for outcomes

	Tong 2024
	Govt grant
	None
	China
	14
	Medical education adaptation commentary
	Editorial / opinion
	Unspecified / NA
	Unspecified / NA
	Proposed-only / theoretical

	Triola 2025
	None
	Grant / research support
	United States
	19
	Medical education adaptation commentary
	Editorial / opinion
	Both
	Mandatory
	Proposed-only / theoretical

	Waibel 2024
	OA / publishing fund
	None
	Germany
	4
	Curriculum implementation / evaluation
	Curriculum proposal
	Clinical
	Elective
	Pilot-tested in curricula

	Waldock 2025
	University funding
	None
	United Kingdom
	4
	Curriculum implementation / evaluation
	Cross-sectional / survey
	Clinical
	Unspecified / NA
	Unspecified

	Weidener 2023
	None
	None
	Austria
	42
	Framework / competency definition
	Qualitative / semi-structured interviews
	Unspecified / NA
	Mandatory
	Proposed-only / theoretical

	Weidener 2024
	None
	None
	Austria
	2
	Ethics and regulatory perspective
	Editorial / opinion
	Clinical
	Mandatory
	Proposed-only / theoretical

	Zhong 2023
	None
	None
	Singapore
	6
	Framework / competency definition
	Editorial / opinion
	Unspecified / NA
	Unspecified / NA
	Proposed-only / theoretical
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* Citation counts were taken by cross-referencing the source with Google Scholar metrics and are up-to-date as of completion of Covidence data extraction (10/23/2025).
[bookmark: _Toc223632550]Appendix S1. Operational Definitions, Coding Guidance & Analytic Details

Classification scheme (domain, competency, learning objective) for competency statements:
· Domain: 
· Definition: Broad conceptual category that organizes related abilities. It represents a high-level thematic bucket rather than a specific measurable skill.
· Criteria:
· Mostly short noun phrases without verb/action e.g. “Data Literacy” or “Responsible ethics”.
· Very broad in scope where many competencies can reasonably be under it.
· Not directly “assessable” as written.
· More of a topic area than a specific action/behavior of a learner.
· Representative examples: “data ethics” (id 3), or “ethics of AI” (id 87), “clinical application of AI” (id 338), “AI literacy” (id 448)
· Competency 
· Definition: Integrated and assessable ability combining knowledge, skills, and attitudes. Expresses what a learner should be able to do in practice at a meaningful level of performance. Stronger behavioral component e.g. “demonstrates”, “expresses”, “shows” etc.
· Criteria: 
· Single sentence, sometimes containing an action verb describing what a learner can actually do in practice.
· Integrated ability that requires knowledge + skill + some form of judgment.
· Can be reasonably assessed through performance e.g. OSCE, project, portfolio, etc..
· Still too broad to be achieved in a single teaching session / may span multiple teaching activities.
· Representative examples: “Model development, training, and evaluation” (id 96), “Defines the basic concepts and terminology of AI” (id 204), “Evaluate the findings of medical data analysis” (id 293)
· † [Sub-Competency - level may or may not be used]: 
· Definition: Granular, behaviorally specific component of a competency. Describes a narrower capability that contributes to achieving a broader competency.
· Criteria:
· Like competency is still action-oriented (verb), but may be narrower and more behaviorally-specific than a competency.
· Represents one “component step” of a broader competency.
· Can be assessed with targeted tasks or checklists.
· Could reasonably be taught over 1-2 sessions but still feels more than a single fact or skill.
· Representative examples: “Collect and synthesize relevant information from patients and other sources for use in AI analysis.” (id 72)
· Learning Objective: 	
· Definition: Discrete, instructional target that specifies what a learner should know or do after a teaching activity. Very granular / teachable, and not sufficient on its own to represent full competency. Seems very much like a piece of knowledge that can be assessed on a rubric. 
· Criteria:
· Wordage is highly-specific and instructionally-oriented, often containing actions and starting with “define,” “describe,” “list,” “apply,” etc.
· Narrow enough to be fully addressed in a single teaching session.
· Can be directly measured in a simple way e.g., quiz item, brief exercise. 
· Focused on a single concept, skill, or behavior rather than an integrated capability.
· Representative example: “Expresses the importance of data collection, analysis, evaluation and safety for the development of AI applications in healthcare.” (id 201) “Knows about clinical workflows and associated data collection along with its management, storage, and transmission.” (id 389)

† The rubric included an optional “sub-competency” level intended for use only when a reviewer felt finer-grained structure was necessary to resolve ambiguity within perceived competency or learning objective clusters. During synthesis, this level was not used because any interim four-level hierarchies immediately produced unstable, inconsistently granular groupings. Thus, early on the structure was definitively collapsed to three levels to improve stability across domains; it is retained here for transparency.

Synthesized Domain Definitions:
· AI Ethics: A competency statement which espouses the learning of ethical principles governing the development, deployment, and clinical use of AI, including fairness, transparency, accountability, and protection of patient rights and welfare.
· AI Law & Regulation: A competency statement endorsing education of the legal and regulatory rules that constrain AI in healthcare, including privacy/confidentiality, consent, data governance, liability, and regulatory pathways for approval, monitoring, and compliance.
· AI Professionalism in Healthcare: A competency statement emphasizing the development of professional roles, behaviors, and communication practices when AI is used in care, including documentation, collaboration, digital literacy, and maintaining patient-centered relationships and trust.
· Clinical Applications of AI: A competency statement endorsing education of practical selection / use of AI tools in clinical workflows and decision-making, including appropriate indications, integration into care processes, and understanding where AI can add value (or not) across common clinical tasks.
· Critical Appraisal of AI Output: A competency statement endorsing abilities related to evaluation of AI tools and outputs for validity and clinical appropriateness, including evidence appraisal, performance/validation concepts, error modes, data quality/fit, and implementation quality assurance.
· Research & Innovation in AI: A competency statement endorsing engagement with AI research and innovation as a student and eventually at a clinician level, including the interpretation and contribution to studies, broad knowledge of translational pathways, and the role of AI within research ecosystems and impact.
· Theory & Foundations of AI: A competency statement endorsing the teaching of core conceptual and technical foundations that may eventually be sufficient for informed clinical use and evaluation, including basic ML concepts, data/feature fundamentals, model types, training/validation ideas, and key limitations (without requiring deep computer science expertise).

Analytic details: Individual sources contributed competency-relevant content to collectively inform the synthesis. In constant-comparison synthesis, each new statement is continually compared against previously coded statements to refine labels, merge or split categories, and stabilize clusters over iterative rounds. Depending on the analytic objective, prevalence was summarized at the statement level (e.g., statement-density distributions), the study level (e.g., counts of studies addressing domains/competencies), or via learning-objective–mediated cross-domain linkages (e.g., relationships among competencies), with multi-mapped items permitted to contribute to each applicable category or linkage. 
[bookmark: _Toc223632551]Table S3. Synthesized Competency Framework
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	Domain
	Competency
	Learning Objective

	AI Ethics
	Allocation and Deployment of AI
	Apply ethical principles to identify appropriate indications for artificial intelligence tools and integrate their outputs into clinical decision‑making in ways that promote effectiveness, value, equity, fairness, and justice.

	
	
	Explain how the allocation and deployment of artificial intelligence in medicine affect equitable access to care, including ethical considerations related to the use of generative AI tools not specifically designed or trained for healthcare applications.

	
	Bias and Equity
	Analyze ethical challenges arising from the use of information science and technology in medicine, including social disparities related to the digital divide.

	
	
	Analyze how model pretraining and fine‑tuning processes encode bias and propose potential strategies to mitigate bias in AI systems.

	
	
	Apply knowledge of AI bias by identifying real‑world examples of biased systems and assessing their impact on the effectiveness of AI applications.

	
	
	Critically evaluate the ethical responsibilities of clinicians in identifying, managing, and responding to bias in medical AI systems, including determining when AI outputs should be questioned, overridden, or continuously monitored to promote equity and justice.

	
	
	Explain the concepts of bias, equity, and fairness in medical artificial intelligence, including common sources of bias, risks to equitable patient care, and reliability concerns arising from data and system limitations.

	
	
	Recognize that biases can be introduced at multiple stages of AI system development and deployment.

	
	Data Ethics
	Evaluate artificial intelligence tools by assessing their limitations, potential risks, and associated ethical considerations related to health data use.

	
	
	Explain foundational data ethics principles relevant to artificial intelligence in medicine, including data confidentiality, fairness, equity, diversity, inclusion, bias, and ethical debates surrounding the fair use of health and clinical data in AI and generative AI systems.

	
	Responsibility, Transparency, and Patient Rights
	Analyze ethical considerations related to the deployment of large language models, including situations in which their use may be inappropriate, unsafe, or harmful.

	
	
	Apply ethical principles when using artificial intelligence technologies in clinical or educational contexts.

	
	
	Explain the ethical foundations of responsibility, transparency, and patient rights in the use of artificial intelligence in healthcare, including the importance of privacy, accountability, professional roles, trust, and alignment with core bioethical principles such as beneficence, non‑maleficence, autonomy, and justice.

	AI Law & Regulation
	Consent and Socio-legal Obligations
	Apply legal and ethical obligations to ensure that patients are adequately informed and provide free and informed consent when machine learning–based predictions, recommendations, or decision‑support tools are used in clinical care.

	
	
	Explain the legal and ethical requirements of informed consent in the context of artificial intelligence in medicine, including the need for physicians to clearly describe AI‑supported treatments, associated risks, and limitations to patients.

	
	Data Privacy / Confidentiality and Protections
	Analyze the privacy and data security risks associated with submitting sensitive health information to publicly accessible generative AI systems.

	
	
	Apply legal, ethical, and professional principles to the appropriate use of patient health data, considering data quality, provenance, sovereignty, and policies required for secure and confidential healthcare.

	
	
	Define cybersecurity and describe its relevance to the protection of healthcare data.

	
	
	Explain the importance of data privacy and confidentiality in the use of artificial intelligence in healthcare, including how health data may be incorporated into large language models and the implications for data exposure through generative AI outputs.

	
	Data Stewardship
	Analyze how regulatory requirements influence data‑sharing practices in healthcare.

	
	
	Apply principles of medical data management and storage, including electronic medical records, in compliance with relevant regulations, laws, ethical standards, and requirements for protecting personal health information.

	
	
	Explain foundational concepts of data governance and data stewardship in the context of artificial intelligence, including key governance frameworks, health data provenance, and their importance for responsible and lawful use of medical data.

	
	
	Explain key regulatory issues governing data sharing among healthcare institutions, academic organizations, and private entities.

	
	
	Explain technical standards and protocols used for medical data storage and exchange between healthcare information systems.

	
	Legal Liability and Accountability
	Explain legal issues related to the use of medical data in artificial intelligence systems.

	
	
	Explain legal liability and accountability issues associated with the use of artificial intelligence in healthcare, including responsibilities arising from shared decision‑making, potential AI‑related treatment errors, and the roles of clinicians, healthcare institutions, and AI developers.

	
	
	Identify key legal issues related to copyright in the development and use of artificial intelligence systems.

	
	Regulatory Frameworks and Approval Processes
	Apply relevant legal and regulatory requirements when using artificial intelligence technologies in healthcare settings.

	
	
	Describe regulatory approval processes applicable to artificial intelligence technologies used in healthcare.

	
	
	Explain the legal and regulatory frameworks governing the use of artificial intelligence in healthcare, including data protection requirements, privacy risks, best practices, and relevant regional and international laws, guidelines, and conventions.

	AI Professionalism in Healthcare
	Digital Communication, Conduct and Collaboration
	Analyze professional knowledge and skills with appropriate accuracy, including recognition of potential sources of error, bias, or clinical inappropriateness when using digital or AI‑supported information.

	
	
	Apply digital and artificial intelligence–enabled communication tools to access, evaluate, share, and create knowledge, and to effectively communicate AI‑related information with healthcare professionals, patients, and lay audiences.

	
	
	Apply principles of digital professionalism by using electronic tools and platforms appropriately for self‑directed and collaborative learning, while ensuring professional conduct and confidentiality in all digital communications.

	
	
	Explain appropriate etiquette and professional considerations when using generative AI in healthcare and patient communication.

	
	
	Explain the importance of collaboration and shared responsibility in the effective and responsible management of artificial intelligence applications in healthcare.

	
	
	Explain the professional roles and collaborative responsibilities of medical practitioners when applying information science and technology in partnership with relevant specialists.

	
	Physician-Patient Communication and Shared Decision-making
	Apply patient‑centered communication strategies to explain artificial intelligence applications, predictions, and results in healthcare, including what AI tools do, why they are used, how outputs should be interpreted, and how to address patient concerns or misconceptions.

	
	
	Apply shared decision‑making approaches that incorporate AI‑informed evidence, including the meaningful communication of probabilities, in ways that preserve or enhance the clinician–patient relationship.

	
	
	Create patient‑friendly educational materials to communicate AI‑related knowledge and research relevant to their care.

	
	
	Explain the importance of shared decision‑making in AI‑enabled healthcare, including the physician’s role and the relevance of AI explainability and transparency in supporting patient understanding and trust.

	
	Professional Identity, Roles, and Responsibilities
	Analyze how artificial intelligence reshapes the physician’s professional identity, including which aspects of clinical work may be automated and which responsibilities must remain under human judgment.

	
	
	Apply professional guidelines, codes of conduct, and ethical standards to clearly articulate and enact the physician’s role in implementing machine learning technologies within routine clinical practice.

	
	
	Explain the distinct and complementary roles of physicians, engineers, and allied healthcare professionals in the development, deployment, and use of artificial intelligence in healthcare.

	
	Reflective Use of AI in Patient-Centered Care
	Apply empathetic, patient‑centered communication strategies when discussing the use of artificial intelligence in patient care, including the reflective use of generative AI tools to enhance understanding, manage emotionally charged conversations, and support patient trust, autonomy, and shared decision‑making.

	
	
	Explain the importance of empathy and the human dimensions of healthcare in the context of increasing use of artificial intelligence, including the broader social significance of information science and technology in medicine.

	Clinical Applications of AI
	AI in Population Health and Value-Based Care
	Analyze and appraise real‑world use cases of applied artificial intelligence in value‑based care currently implemented by healthcare systems.

	
	
	Apply methods to collect and synthesize relevant patient‑level and population‑level data from multiple sources for use in artificial intelligence analyses.

	
	
	Evaluate community health needs and propose artificial intelligence–enabled solutions to support population health improvement and value‑based care.

	
	AI-Augmented Workflow Optimization
	Apply principles of user-centered design to improve the usability and adoption of AI tools in healthcare.

	
	
	Describe clinical scenarios in which AI solutions can augment and improve clinical processes.

	
	
	Describe the development, validation, and clinical integration processes required to implement AI tools in healthcare settings.

	
	
	Describe the range of clinical and operational domains in which AI is currently applied to augment healthcare delivery and outcomes.

	
	
	Explain the role of health data integration in enabling effective AI-supported healthcare workflows.

	
	
	Identify and differentiate applications of natural language processing in healthcare, including clinical documentation, patient communication, and disease surveillance.

	
	
	Identify techniques that facilitate the effective implementation of AI in healthcare workflows.

	
	
	Organize clinical or operational workflows in alignment with AI-supported processes.

	
	AI-Based Clinical Decision Support
	Analyze the role of healthcare providers in evaluating the appropriateness of clinical decision support systems, including assessment of data quality, bias, and contextual clinical factors.

	
	
	Apply artificial intelligence–based tools and model outputs within clinical workflows to support and inform evidence‑based clinical decision‑making.

	
	
	Apply the master adaptive learner framework to emerging uses of generative AI, including clinical reasoning support and patient‑facing applications.

	
	
	Explain decision support as a meta‑skill that enables the orchestration of interdisciplinary contributors, including both human clinicians and AI systems.

	
	
	Explain the fundamental concepts of clinical decision support systems, including their reliance on data and machine learning methods and their use in healthcare delivery.

	
	Clinical Use and Selection of AI Tools for Healthcare Problem-Solving
	Analyze how artificial intelligence models are assessed and validated for specific clinical use cases.

	
	
	Apply appropriate artificial intelligence tools in healthcare by selecting, using, and interpreting AI‑based information in combination with professional knowledge to support patient care.

	
	
	Evaluate which artificial intelligence systems are appropriate for use in healthcare by appraising the supporting evidence and effectiveness in specific contexts.

	
	
	Explain the end‑to‑end process of clinical problem identification, data preparation, model selection, implementation, validation, and deployment of AI solutions.

	
	
	Explain the range of artificial intelligence and information technologies used in healthcare, including their context‑dependent applicability and potential clinical and administrative uses.

	
	
	Explain which types of clinical problems can and cannot be addressed by artificial intelligence and how specific AI applications are matched to healthcare problems.

	
	Diagnosis, Imaging, and Pathology
	Analyze and interpret outputs from AI-based imaging models to assess their diagnostic implications.

	
	
	Describe how neural networks are used to predict mutation status or tumor types.

	
	
	Describe how wearable technologies generate clinical data and support measurement of vital signs and personalized prediction of laboratory values.

	
	
	Describe the implications of univariate and multivariate linear regression models within a specified clinical application.

	
	
	Explain how AI chatbots collect, structure, and summarize clinical history information.

	
	
	Explain how artificial intelligence supports image-based and histopathological diagnosis, including detection of disease patterns and prediction of clinically relevant features.

	
	
	Explain major applications of deep learning in healthcare, including image analysis, natural language processing, and time-series data analysis.

	
	
	Explore the future potential and practical implications of artificial intelligence in pathology.

	Critical Appraisal of AI Output
	Analysis, Data Quality, and Methodological Fit
	Assess whether the data used to train AI systems are representative, clinically relevant, and appropriate for the intended clinical context and use case.

	
	
	Critically evaluate the integrity, reliability, limitations, and clinical applicability of AI‑related evidence, including traditional machine learning, generative AI, and robotic technologies.

	
	
	Evaluate the clinical suitability and applicability of medical AI solutions and devices when deployed in real‑world clinical settings.

	
	
	Explain the importance of data collection, analysis, evaluation, and safety in the development of AI applications in healthcare.

	
	
	Explain the limitations of current AI and machine learning models, including their inability to extrapolate beyond the datasets on which they were trained.

	
	
	Explain the rationale and appropriate use of traditional statistical, machine learning, and neural network methodologies for health data analysis.

	
	
	Maintain vigilance in identifying and filtering out unreliable or misleading information sources.

	
	
	Teach students how to identify and evaluate the credibility of online information sources.

	
	
	Train random forest and logistic regression classifiers and analyze their performance using appropriate evaluation metrics.

	
	
	Understand the full data analysis pipeline from data acquisition through modeling and evaluation.

	
	Evidence Appraisal and Clinical Interpretation
	Analyze and interpret AI model inputs and outputs to inform clinical and healthcare decision-making, including appropriate documentation of results for patient care.

	
	
	Assess the clinical significance, risks, and patient-safety implications of AI outputs, including false-positive and false-negative results and barriers to safe clinical use.

	
	
	Critically evaluate the accuracy, limitations, and clinical appropriateness of AI-generated outputs, and clearly communicate their implications and constraints in practice.

	
	
	Differentiate between the functions, features, and outputs of AI-related tools and applications, and analyze the data they generate in healthcare contexts.

	
	
	Interpret machine learning models used in healthcare applications.

	
	
	Recognize when large language model outputs do not align with the broader clinical context and appropriately reject unsafe or misleading outputs.

	
	Implementation, Efficiency, and Quality Assurance
	Analyze existing AI applications in healthcare to identify limitations, areas for improvement, and opportunities to enhance system performance.

	
	
	Anticipate how patient interactions and experiences may change as AI technologies are implemented in healthcare settings.

	
	
	Describe the broader ramifications of technology-mediated patient care.

	
	
	Evaluate the economic implications of AI adoption in healthcare, including implementation costs, maintenance requirements, and potential cost savings or revenue generation.

	
	
	Evaluate the impact of AI on the quality, efficiency, and effectiveness of healthcare delivery, including domain-specific applications and patient care outcomes.

	
	
	Incorporate patient perspectives into the development and refinement of AI systems by integrating patient feedback to improve usability and care experiences.

	
	Model Performance, Validation, and Error Characteristics
	Analyze and interpret the performance of medical AI models using appropriate accuracy metrics, validation techniques, and visualizations to assess reliability and clinical relevance.

	
	
	Analyze how training data characteristics, modeling approaches, and update cycles influence the outputs, stability, and performance of generative AI models in clinical use.

	
	
	Analyze the limitations of AI models in healthcare, including issues of generalizability, bias, reproducibility, and interpretability, and their implications for clinical deployment.

	
	
	Anticipate, recognize, and respond to potential adverse effects of AI-based tools in clinical practice, including unintended consequences.

	
	
	Understand how AI-based tools are developed and evaluated across the model lifecycle.

	
	Opportunities and Limitations of AI systems
	Analyze and compare human-centered clinical practices with AI-supported approaches, including diagnostic reasoning and clinical history-taking.

	
	
	Demonstrate competencies in assessing the opportunities and limitations of text-generating AI systems.

	
	
	Demonstrate critical, evidence-based appraisal skills to evaluate the quality of health information sources and digital health interventions.

	
	
	Evaluate the opportunities, limitations, benefits, and risks of AI-driven and digital health technologies across patient-, population-, and community-level healthcare contexts.

	
	
	Evaluate the strengths, limitations, and appropriate applications of different AI model types, including deep learning approaches, across healthcare contexts.

	
	
	Understand diverse sources of health data and their respective benefits and limitations, including administrative, billing and claims, population health, public health, and omics data.

	Research & Innovation in AI
	Applications to Translational Research
	Analyze applications of AI in biomedical research and public health, including personalized medicine, clinical trials, drug design, population monitoring, environmental risk assessment, epidemic surveillance, and disaster medicine.

	
	
	Understand the utility of health data visualization and the various methods used to present health data effectively.

	
	Research Design and Methods
	Apply scholarly rigor in analyzing AI research findings and producing evaluative academic reports.

	
	
	Collect, extract, and manage relevant healthcare data from appropriate sources to support medical AI research objectives.

	
	
	Explain how physician knowledge and clinical experience contribute to the development of AI applications.

	
	
	Formulate well-defined research questions and hypotheses for medical AI research that are specific, testable, and aligned with clinical and methodological goals.

	
	
	Interpret published research literature that employs machine learning methods.

	
	
	Preprocess data for AI research by cleaning, transforming, and selecting relevant features.

	
	
	Understand levels of evidence and trial endpoints in order to critically assess whether an AI intervention is justified.

	
	Research Ecosystem and Impact
	Access, evaluate, use, share, and create information using information and communication technologies within the AI research ecosystem.

	
	
	Analyze emerging trends and system-level impacts of artificial intelligence on healthcare organizations, including hospital operations and the medical AI market.

	
	
	Describe novel methodologies for health data analysis using real-world data from diverse sources and explain their potential applications.

	
	
	Provide domain-appropriate clinical consultation to support the development of medical artificial intelligence systems.

	Theory & Foundations of AI
	AI Foundations and Core Concepts
	Analyze key differences and relationships between artificial intelligence and machine learning.

	
	
	Apply basic technological skills to use AI‑related software tools and clinical interfaces.

	
	
	Describe fundamental concepts in robotics, including system architecture, effectors, and haptic technologies.

	
	
	Describe the historical evolution of artificial intelligence and machine learning, including key developments and methodological milestones.

	
	
	Explain common digital health terminology and describe the structure of the local digital health ecosystem.

	
	
	Explain core artificial intelligence concepts and terminology, including definitions of AI, levels and approaches of AI systems, and distinctions among weak AI, machine learning, and deep learning.

	
	Algorithms and Model Types
	Describe and differentiate major categories of machine learning algorithms and models, including regression methods, decision trees, ensemble methods, instance‑based models, and support vector machines, along with their general benefits, limitations, and use cases.

	
	
	Explain the high‑level mechanisms by which common models—including linear and logistic regression, decision trees, and random forests—operate to perform prediction and classification tasks.

	
	Biases of AI Systems
	Analyze how hyperparameter optimization, model selection, and the “black box” nature of AI systems contribute to model behavior, uncertainty, and potential bias.

	
	
	Apply data literacy and data analytics skills to initiate, conduct, and evaluate processes such as input bandwidth reduction in AI systems.

	
	
	Apply data preprocessing and feature engineering techniques within the broader machine learning workflow, including model selection and evaluation.

	
	Data Preprocessing and Feature Engineering
	Analyze high‑dimensional data using techniques such as dimensionality reduction (e.g., principal component analysis) and clustering.

	
	
	Apply data preprocessing and feature engineering as part of an end‑to‑end machine learning workflow, including problem definition, model selection, and validation.

	
	
	Apply data preprocessing and feature engineering techniques within the broader machine learning workflow, including model selection and evaluation.

	
	
	Apply data preprocessing and feature engineering techniques—including data labeling, normalization, handling imbalanced data, and extracting predictive features—to improve dataset quality for machine learning.

	
	
	Describe core data preprocessing and feature engineering concepts, including feature spaces, data types, data cleaning, normalization, class balancing, feature selection, feature importance, data augmentation, and data transformation.

	
	Data Science and Health Data Fundamentals
	Analyze and compare major types of databases and data schemas used in health records systems.

	
	
	Analyze healthcare data using advanced visualization techniques, including correlation heatmaps, box plots, and regression analyses.

	
	
	Analyze healthcare datasets using exploratory data analysis techniques, including identification of outliers, class balance, and feature data types.

	
	
	Apply data science skills to work with medical datasets, including data importation, curation, quality assessment, governance, exploratory analysis, visualization, and interpretation of trends relevant to patient outcomes.

	
	
	Describe the role and importance of data science in healthcare, including its connections to evidence‑based medicine, real‑world evidence, medication safety, predictive analytics, and artificial intelligence.

	
	
	Describe the role of health records and diverse data sources in the generation, storage, management, and evolution of health data within clinical workflows.

	
	
	Explain foundational data science concepts relevant to health care, including data types, big data characteristics, patient‑generated health data, and core principles of data aggregation, analysis, and personalization for decision‑making.

	
	
	Explain foundational medical informatics concepts relevant to the development of AI applications in healthcare.

	
	
	Explain leading data integration practices required to deploy analytic solutions in healthcare environments.

	
	
	Explain principles of health data curation and data quality management.

	
	
	Explain the characteristics, structures, and quality considerations of health data, including structured and unstructured data, missing data, emerging data types, clinical variables, data annotation, and standard medical terminologies.

	
	Deep Learning and Neural Networks
	Apply core techniques to develop neural networks, including preparing data, constructing convolutional layers, and training and testing convolutional neural networks in clinical or applied contexts.

	
	
	Explain how deep learning techniques are applied to perception tasks, including visual systems and speech recognition.

	
	
	Explain the foundational concepts of deep learning and neural networks, including network structures, neuron and weight representations, learning mechanisms, loss functions, gradient descent, backpropagation, and the evolution of modern deep learning architectures.

	
	
	Explain the high‑level mechanisms by which convolutional neural networks perform classification tasks.

	
	Evaluation, Error Analysis, and Explainability
	Analyze model performance by executing and interpreting error analyses in machine learning and deep learning systems.

	
	
	Evaluate and select appropriate artificial intelligence algorithms for specific problems based on their strengths, limitations, and performance considerations.

	
	
	Explain foundational concepts related to the evaluation and explainability of medical artificial intelligence systems, including principles of medical analytics AI, explainable AI, and common evaluation and interpretation techniques such as SHAP and hyperparameter tuning.

	
	Machine Learning Concepts and Paradigms
	Evaluate the strengths, limitations, and appropriate healthcare applications of different machine learning approaches.

	
	
	Explain foundational concepts and principles of machine learning, including major learning paradigms (supervised, unsupervised, and reinforcement learning), common algorithmic properties (e.g., classification vs. regression, online vs. offline learning), and the theoretical basis of widely used machine learning methods.

	
	
	Explain how artificial intelligence systems are trained, including the role of data, learning algorithms, and optimization processes.

	
	
	Explain the concept of model selection in machine learning and its role in developing effective predictive models.

	
	Model Development, Training, and Optimization
	Analyze model design and optimization decisions, including tradeoffs between model complexity and simplicity, hyperparameter tuning, and selection of appropriate loss functions.

	
	
	Apply structured approaches to develop and evaluate machine learning models, including problem definition, data collection, model construction, execution using user‑friendly tools, and performance evaluation with appropriate metrics.

	
	
	Explain the processes involved in developing and training artificial intelligence and machine learning models, including algorithm development, training workflows, application, and evaluation.

	
	Natural Language Processing and Generative AI
	Apply effective prompt design and querying strategies when using generative AI tools, such as large language models, to obtain accurate and complete outputs while mitigating risks such as hallucinations and maintaining academic integrity.

	
	
	Explain the foundational concepts and principles of natural language processing and text‑generating artificial intelligence, including how large language models are structured, trained, and used to generate language.

	
	Statistical Foundations for AI in Medicine
	Analyze the implications of univariate and multivariate logistic regression models for identifying and interpreting clinical risk factors.

	
	
	Apply knowledge of sensitivity and specificity to determine the appropriate use or avoidance of AI‑supported diagnostic applications based on clinical requirements.

	
	
	Explain and interpret common statistical performance metrics used in medical AI, including confusion matrices, accuracy, sensitivity, specificity, predictive values, F1 score, likelihood ratios, relative risk, and odds ratios.

	
	
	Explain foundational statistical and probabilistic concepts relevant to artificial intelligence in medicine, including basic statistical principles, descriptive and inferential statistics, and the role of probability in AI and machine learning systems.

	
	
	Explain how model parameters and goodness‑of‑fit statistics are used to interpret and evaluate statistical and machine learning models in medicine.

	
	
	Explain the role of core mathematical concepts, such as linear algebra and calculus, in supporting an elementary understanding of artificial intelligence.
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	AI Ethics
	AI Law & Regulation
	AI Professionalism in Healthcare
	Clinical Applications of AI
	Critical Appraisal of AI Output
	Research & Innovation in AI
	Theory & Foundations of AI

	AI Ethics
	0.00
	1.07
	0.43
	0.86
	1.05
	0.00
	0.86

	AI Law & Regulation
	1.20
	0.00
	0.94
	0.01
	0.20
	0.13
	0.13

	AI Professionalism in Healthcare
	2.75
	0.45
	0.00
	0.45
	0.72
	0.36
	2.47

	Clinical Applications of AI
	0.18
	0.15
	0.11
	0.00
	5.08
	0.86
	2.23

	Critical Appraisal of AI Output
	1.47
	0.12
	1.41
	1.36
	0.00
	0.65
	3.65

	Research & Innovation in AI
	0.09
	0.00
	0.30
	0.00
	0.60
	0.00
	1.11

	Theory & Foundations of AI
	0.05
	0.15
	1.05
	0.20
	1.42
	0.69
	0.00
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