JMIR MEDICAL EDUCATION Tolentino et &

Review

Curriculum Frameworks and Educational Programs in Al for
Medical Students, Residents, and Practicing Physicians: Scoping
Review

Raymond Tolentino®, BHSc, M Sc; Ashkan Baradaran®, MSc, MD; Genevieve Gore?, BA, MLIS; Pierre Pluye™’, MD,
PhD; Samira Abbasgholizadeh-Rahimi***°, BEng, PhD

1Department of Family Medicine, McGill University, Montreal, QC, Canada

2schulich Library of Physical Sciences, Life Sciences, and Engineering, McGill University, Montreal, QC, Canada

SMila- Quebec Al Institute, Montreal, QC, Canada

4Lady Davis Institute for Medical Research, Herzl Family Practice Centre, Jewish General Hospital, Montreal, QC, Canada
5Faculty of Dental Medicine and Oral Health Sciences, McGill University, Montreal, QC, Canada

Tdeceased

Corresponding Author:

Samira Abbasgholizadeh-Rahimi, BEng, PhD
Department of Family Medicine

McGill University

5858 Chemin de la Cote-des-Neiges
Montreal, QC, H3S 171

Canada

Phone: 1 514 399 9218

Email: samira.rahimi @mcgill.ca

Abstract

Background: The successful integration of artificia intelligence (Al) into clinical practice is contingent upon physicians
comprehension of Al principles and its applications. Therefore, it is essential for medical education curricula to incorporate Al
topics and concepts, providing future physicians with the foundational knowledge and skills needed. However, thereisaknowledge
gap in the current understanding and availability of structured Al curriculum frameworks tailored for medical education, which
serve as vital guides for instructing and facilitating the learning process.

Objective: The overal aim of this study is to synthesize knowledge from the literature on curriculum frameworks and current
educational programs that focus on the teaching and learning of Al for medical students, residents, and practicing physicians.

Methods: We followed a validated framework and the Joanna Briggs Institute methodological guidance for scoping reviews.
An information specialist performed a comprehensive search from 2000 to May 2023 in the following bibliographic databases:
MEDLINE (Ovid), Embase (Ovid), CENTRAL (Cochrane Library), CINAHL (EBSCOhost), and Scopus as well as the gray
literature. Paperswerelimited to English and French languages. Thisreview included papersthat describe curriculum frameworks
for teaching and learning Al in medicine, irrespective of country. All types of papers and study designs were included, except
conference abstracts and protocols. Two reviewersindependently screened thetitles and abstracts, read the full texts, and extracted
data using a validated data extraction form. Disagreements were resolved by consensus, and if thiswas not possible, the opinion
of a third reviewer was sought. We adhered to the PRISMA-SCR (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) checklist for reporting the results.

Results: Of the 5104 papers screened, 21 papers relevant to our eligibility criteriawere identified. In total, 90% (19/21) of the
papers atogether described 30 current or previously offered educational programs, and 10% (2/21) of the papers described
elements of a curriculum framework. One framework describes a general approach to integrating Al curricula throughout the
medical learning continuum and another describes a core curriculum for Al in ophthalmology. No papers described a theory,
pedagogy, or framework that guided the educationa programs.

Conclusions: Thisreview synthesizes recent advancementsin Al curriculum frameworks and educational programs within the
domain of medical education. To build on this foundation, future researchers are encouraged to engage in a multidisciplinary
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approach to curriculum redesign. In addition, it isencouraged to initiate dialogues on theintegration of Al into medical curriculum
planning and to investigate the devel opment, deployment, and appraisal of these innovative educational programs.

International Registered Report Identifier (IRRID):

(IMIR Med Educ 2024;10:€54793) doi: 10.2196/54793
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Introduction

The field of medicine is constantly evolving with new
technologies and discoveries [1]. One of the emerging
technologiesisartificial intelligence (Al), asimulation of human
intelligence powered by machines, specifically computer
systems that use machine learning and deep learning [2]. Al
allows for complex decision-making and the ability for human
capabilities such as tasks done by physicians and other health
careproviders[2]. Through recent advancements, Al hasbegun
to become an innovation to be adopted in the field of medicine
[3]. Current fields using this type of technology are radiology
[4], pathology [5], dermatology [6], primary care [7], and
surgery [8], among other fields of medicine[9]. These Al-related
medical innovations can be seen through different ways,
including robot-assisted surgical procedures, diagnosisand risk
assessments, as well as the devel opment and customization of
drugs [3,10]. However, to move forward with the
implementation of Al in clinical practice, physicians need to
have a better understanding of Al and how to useit in clinical
practice [11].

Although medicine has seen major changes over the last
decades, medical education is still largely based on traditional
curricula [12]. It often lacks fundamental concepts and even
basic familiarization with Al and other emerging technologies
[13]. A recent survey by Stanford Medicine found that 44%
(230/523) of physicians and 23% (48/210) of medical students
and residents reported that their education had not been helpful
in preparing for new technologiesin health care[14]. Currently,
there are no accreditation requirements related to Al [15]. The
knowledge gap between engineers, clinicians, and scientists
continue to grow as hedth care moves to a more digital
environment, which will ill-prepare young physicians who will
work with Al-enabled tools and technologies [16,17].

At the moment, Al is beginning to enter the field of medical
education through its uses in learning support, assessments of
students’ learning, and curriculum review [2]; however, there
are several publications urging institutes and clinical educators
to begin integrating Al educational conceptsinto their medical
curricula [12,13,15-20]. There have been efforts to include Al
education globally within each level of medical training. These
efforts areled by national medical associations such asthe UK
National Heath Service [21], the US American Medical
Association [22], and Canada's Roya College of Physicians
and Surgeons [23]. They have released documents
recommending policiesfor integrating Al within their respective
medical educational institutions [21-23]. This highlights the
importance of the work on theintersection of medical education
and Al around the world. Surveys of medical trainees have also
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supported the need to incorporate the teaching of Al in the
undergraduate medical curriculum [24]. To our knowledge,
there are no medical schools with formal required courses on
Al in health care. While still uncommon, the importance of Al
medical education has been identified and acted on at some
institutions, such as Duke University, which offers a training
course called Machine Learning School for the School of
Medicine [12]. Other institutions have also developed elective
courses to teach Al to residents, such asin radiology [25]. As
Al isbheing used in avariety of fieldswithin medicine[9], itis
important to have a structured and validated curriculum
framework because future medical providers will be exposed
to these types of technol ogies depending on their chosen fields.

A curriculum framework is a document which describes “the
educational environment in which syllabuses (or subject-specific
outlines of objectives, outcomes, content and appropriate
assessment and teaching methodologies) can be developed”
[26]. Curriculum frameworks can be described as educational
road maps to teaching and learning. For example, a curriculum
framework was created for global health concepts in family
medicine education [27]. Medical educatorswork regularly with
frameworksto inform the appropriate | earning, assessment, and
performance of the health careworkforce[28]. Frameworksare
tools that can inform the delivery of teaching and curricula
development as well as inspire innovation in hedth care
education. There are various aspects that can be included in
curriculum frameworks and how they may be used for other
disciplines. Obadgji [29] clearly describesthe common elements
of curriculum frameworks for health professional education,
which include (1) the need and the purpose of a curriculum or
a program, (2) learning objectives and outcomes, (3) course
content that will facilitate the accomplishment of the objectives
or learning outcomes, (4) organization of the content, and (5)
implementation of curriculum—educational strategies and
methods of assessment.

Dueto the broad nature of thistopic and its prospective limited
data, ascoping review isthe most appropriate method. Previous
reviews exploring topics surrounding Al and medical education
have focused on the application of Al in medical education
[2,30], attitudes of medical students toward Al [31], and gaps
of Al learning within medical education [32]. A recent review
of Al educational programs and competencies for health care
professionals was published [33]; however, due to the increase
in attention on this topic, further reviews must be conducted.
Furthermore, the previous reviews had some limitations, such
as the exclusion of continuing professional education and the
lack of investigating learning theories, pedagogies, and
frameworks of their identified Al educational programs. Our
review will cover these limitations by focusing on the medical
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education continuum asthe developed Al educational programs
for medical students, residents, and practicing physicians can
help medical educators navigate the learning pathway for current
and future physicians. Moreover, no review has focused on
examining curriculum frameworksthat guide Al conceptswithin
medical education.

Thus, we conducted ascoping review of published literature on
Al curriculabeing used in medical education. Overall, themain
aim of this scoping review isto synthesize knowledge from the
literature on curriculum frameworks and current educational
programs that focus on the teaching and learning of Al for
medical students, residents, and practicing physicians. More
specifically, we aim to investigate the details of the current
educational programs including (1) the framework, pedagogy,
or theory used; (2) the delivery of the educational program; (3)
the curricular content; and (4) the evaluation of the program, to
inform future research on devel oping or adopting Al curriculum
frameworks for use in medical educational institutions.

Methods

Protocol and Registration

The protocol for this review was developed in accordance with
the Joanna Briggs Institute (JBI) Reviewers Manua for
Evidence Synthesis [34] and guided by the methodological
framework developed by Arksey and O'Malley [35],
supplemented by Levac et al [36]. The PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) [37] was used when reporting
results, and isreported in Multimedia Appendix 1. The protocol
was registered on Open Science Framework Registries and
published on JBI Evidence Synthesis[38].

Eligibility Criteria
Participants

To be eligible for inclusion, the participants of the studies had
to fall under the population that provided medical education or
received medical education, which includes medical students.
Thisincludesundergraduate medical education (UME), residents
or postgraduate medical education (PGME), and practicing
physicians (continuing medical education [CME]) at any health
care setting (ie, primary, secondary, and tertiary care).

Exposure

Included studies must describe either a curriculum framework
or programsfor Al education within medicine. The frameworks
and programs must focus on learning about Al and how to use
Al-specific tools for the medical profession.

Outcome

For the purpose of this review, al elements of a curriculum
framework described by Obadeji [29], either in part or as a
whole, were considered and reported. Included papers may also
describe current and developed educational programs for Al
training in medicine. These educational programs have already
been developed or evaluated, and papers describing
recommendations of what to teach or programs not yet
developed were not considered. This review focused on any
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framework, theory, or pedagogy mentioned within the program;
the delivery of the educationa program (eg, course and
workshop); and curricular content (eg, learning topics and
learning objectives); if the educational program was eval uated,
it was described according to the model of training evaluation
developed by Kirkpatrick et al [39].

I nformation Sources

All types of studies were included, such as theoretical work,
program descriptions, and empirical studies. Commentaries,
reviews, perspectives, opinions, as well as position papers and
any companion papers associated were also included. All study
designs for empirical studies using qualitative, quantitative, or
mixed methods studieswereeligiblefor inclusion. Theseinclude
experimental and quasi-experimental studies (such as
randomized controlled trials, quasi-randomized controlled trials,
nonrandomized clinical trias, interrupted time series, and
controlled before-and-after studies), observational studies (such
as cohort, case control, cross-sectional, and case series studies),
qualitative studies (such as ethnography, narrative,
phenomenological, grounded theory, and case studies), and
mixed methods studies. Conference abstracts and protocols
were excluded. Conference abstracts often contain preliminary
findings that may not be as comprehensive or validated as
full-text articles. As they are brief summaries of studies, they
may lack the detailed methodology and results needed for a
thorough understanding and synthesis in our scoping review.
Furthermore, as protocols are plans of how to conduct the
research, they do not provide findings or results that are
necessary for a scoping review’s goal to map the extent, range,
and nature of research activity in a given field. Therefore,
considering the provided justifications, we decided to exclude
conference abstracts and protocols.

Search Strategy

The following search strategy has been developed by a
specialized librarian. The text words contained in thetitles and
abstracts of relevant papers and theindex terms used to describe
the papers were used to develop a full search strategy. The
search strategy took an iterative approach, initially using general
terms such as*“ artificial intelligence,” with the later addition of
variations and synonymssuch as“deep learning” and “ machine
learning.” In addition, terms for the concepts of medical
education and curriculum were added. Aniinitial limited search
of MEDLINE (PubMed) was conducted to identify relevant
paperson thistopic. Aninformation specialist (GG) performed
acomprehensive search in the following bibliographic databases:
Ovid MEDLINE, Ovid Embase, CENTRAL (CochraneLibrary),
CINAHL, and Scopus. Toidentify any unpublished frameworks,
web searches of Google, New York Academy of Medicine Grey
Literature Report, and medical learning institutional websites
were searched. Reference lists of all included research papers
and all relevant reviewswere back searched, and Google Scholar
was used for forward citation tracking to identify further studies.

Papers were restricted to English and French due to the
constraints of the research team. Papers were al so restricted by
date beginning in the year of 2000, as during the 1950s to the
late 1990s Al was in its early phase with reduced funding and
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interest of Al inmedicine[40]. Theinitial search was conducted
in November 2021 and later updated in May 2023.

Selection of Sources of Evidence

Following the search, al identified records were collated and
uploaded into areference management system, EndNote (version
20.3; Clarivate Analytics), where duplicates were removed.
Following apilot test with 2 reviewers (RT and AB) using 10%
(510/5104) of the studies, titles and abstracts were then screened
using Rayyan, aweb-based research platform, by 2 independent
reviewers (RT and AB) for assessment against the inclusion
criteria for the review. The full text of selected citations was
assessed in detail against theinclusion criteriaby 2 independent
reviewers (RT and AB). Any disagreementsthat arose between
the 2 reviewers were resolved by athird reviewer (SAR).

Data Extraction

Data were extracted by 2 reviewers (RT and AB) using a data
extraction tool on an Excel (Microsoft Corp) sheet devel oped
and validated by the team. The data extraction tool was created
and validated using previously validated data extraction tools
[32-34] and input from experts in the field. It focuses on key
characteristics related to curriculum framework elements and
educational program details. Any disagreements that arose
between the 2 reviewers were resolved by a third reviewer
(SAR). Dataon paper characteristics (eg, authors, title, country
of origin, type of study, and year of publication), curriculum
framework elements, and educational program details were
extracted.

Synthesis of Results

The results of the review are presented as a table of the data
extracted from the included literature to highlight the key

Tolentino et al

findings with respect to the aims of this scoping review.
Descriptive statistics (eg, frequency) was used when reporting
paper characteristics and education program details. For
curriculum frameworks described, reviewers presented main
elements, including (1) the need and purpose of curriculum, (2)
the learning objectives and outcomes, (3) course content that
will facilitate the accomplishment of the objectives or learning
outcomes, (4) the organization of the content, and (5)
implementation of curriculum. For current educational programs
described, reviewersindependently recorded and presented data
on the framework, theory, or pedagogy that may have been
used; the delivery of the educational program; and curricular
content; and if the educational program was evaluated, it was
described according to the model of training evaluation
developed by Kirkpatrick et al [39].

The model of training evaluation developed by Kirkpatrick et
al [39] was used to categorize educational outcomes eval uations
(Figure 1 [39]). Level 1 describes the degree to which learners
find the training favorable, engaging, and relevant; level 2
describes the degree to which learners acquire the intended
knowledge, skills, confidence, and commitment based on their
participation in the training; level 3 describes the degree to
which learners apply what they learned during training when
they are back to work; and level 4 describes the degree in
whether the targeted outcomes resulted from the training
program at an organizational level [39]. A narrative summary
accompanied [41] the charted results and described what and
how Al curriculum content is being delivered to trainees of
various medical education stages.

Figure 1. Outcomes (and their meaning) of the 4-level training evaluation developed by Kirkpatrick and Kirkpatrick [39].

Level 3

Level 2
n=4

Level 1
n=2

Quality Appraisal of Included Studies

Due to the nature of this review, the methodological quality or
risk of bias of the included papers was not appraised, which is
consistent with scoping reviews guidelines [34,37].
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Results

Search Results

From the systematic search, 5076 total papers were identified.
These papers were extracted from web-based databases, and
the computer software EndNote was used to manage these
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references. Following removal of duplicates on EndNote, 2458
papers were uploaded to Rayyan software and screened by title
and abstract. After abstract and title screening, 60 papers
remained for full-text screening. A gray literature search
identified 60 papers from Google Scholar and reference lists,
from which 28 (47%) papers were retrieved for full-text

Tolentino et al

screening, and 32 (53%) papers were not retrieved or were
irrelevant. Following full-text screening of databases and gray
literature, 21 papers were included for further analysis
[12,25,31-33,42-57]. Refer to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) diagram
(Figure 2) [58].

Figure2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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Characteristics of the Included Studies

Data was collected from 21 included studies and summarized
in Multimedia Appendix 2 [12,25,31-33,42-57]. A total of 12
studies were published in the United States
[12,31,32,42-45,48,51,52,54,57]; 6 in Canada
[33,46,47,49,50,55]; and 1 each in Germany [25], Korea [53],
and Oman [56] (Multimedia Appendix 3). The earliest
publication retrieved was from 2016, with 77% (15/21) of the
papers[25,31-33,42,43,45,47,49-51,54-57] published in thelast
3 years since the pandemic began (Multimedia Appendix 3).
From the 21 studies, 6 (29%) were reviews [31-33,45,53,54],
4 (19%) were commentaries [44,47,50,51], 4 (19%) were
opinions [12,48,52,56], 3 (14%) were perspectives [43,55,57],
3 (14%) were empirical studies using a cross-sectional survey
design [25,42,49], and 1 (5%) was a position paper [46].

Interms of setting, 43% (9/21) of the papers mentioned multiple
levels of education ranging from UME, PGME, to CME
[12,31-33,46,50,51,54,56], while 24% (5/21) of the papers
specified on UME [42,44,47,53,55], 19% (4/21) of the papers
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specified on PGME [48,49,52,57], and 14% (3/21) of the papers
were focused on CME [25,43,45]. Across the 21 included
studies, 19 (90%) altogether described 30 current or previously
offered educational programs|[12,25,31-33,42-55] and 2 (10%)
described elements of a curriculum framework [56,57].

Curriculum Framework Elements

Two papers described the main elements of a curriculum
framework (Table 1) [56,57]. The first paper was an opinion
paper by Masters [56], which mentions 3 of the 5 elements of
a curriculum framework. The paper describes the need and
purpose of a curriculum, course content, and brief descriptions
interms of organization of content. The second paper to describe
elements of a curriculum framework was the study by
Valikodath et al [57], which provides information for al 5
elements. Thisincludes the main purpose of an ophthalmology
Al curriculum, the learning objectives, course content topics,
a4-year resident organization plan, and implementation of the
curriculum, as outlined in Table 1. We noticed similarities in
relation to what medical trainees should learn, as emphasized
in Figure 3 [56,57].
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Table 1. Curriculum framework studies’ characteristics (n=2).

Tolentino et al

Masters [56]

Valikodath et al [57]

Program audi-
ence

Need or pur-
pose

Learning objec-
tives

Course content

Multiple (undergraduate medical education, PGME?, and continuing
medical education; general)

This general framework will

alow medical schoolsto assess their own position in relation to AIP
projects

place these projects within that framework to better understand them
develop new projects based on their needs

Topic 1. Al as Al
Option A: the basics

“...we need now to teach Al literacy and a basic understanding of
Data Management and Al concepts, models and terminology (such
as big data (and the growing number of Vs), data mining, machine
learning, deep learning, supervised and unsupervised learning, natural
language processing and neural networks) [...]"

Option B: more advanced

“...the curriculum will need to be adjusted, and electives, projects
dealing with Al applicationsin solving medical problems, and assess-
ing Al evaluations would be a starting point [...]”

Option C: common for al

“In all caseswhere Al istaught, the current limitations of Al need to
beidentified [...] Understanding these systems will be necessary to
evaluate the applicability and appropriateness of solutions. [...]"

Topic 2. Al in medical systems

“ Students will need to know the mechanics and processes of Al sys-
tems that they will be expected to use[...]"

Topic 3. Self-awareness

“There needs to be a self-awareness, in which the doctor is not
merely using the tool, but is engaged in a cooperative exercise with
the tool. This co-operation does not imply compliance, but rather
operating together [...]"

Topic 4. Ethical, legal, and social implications
“Related to the health professionals’ perception of themselves and
their role in healthcare, a host of Ethical, Legal and Social Implica-

tions emerge, and medical students will need to consider these and
the questions they raise[...]"

PGME; ophthal mology

Thegoalsof acore Al curriculum in ophthalmolo-
gy include the following:

recognizing major studies and discoveries of Al
with regard to ophthalmology
identifying the limitations of Al

learning about potential applicationsin clinical
practice

Learning objective 1: To understand the basic
components of Al

Learning objective 2: To identify the limitations
of Al, especialy in health care and research
Learning objective 3: To summarize current uses
of Al in ophthamology and evaluate the primary
literature

Learning objective 4: To know how to potentialy
apply Al into clinical practice, including
telemedicine and web-based visits

Topic 1. Basic mathematics and statistics
Topic 2. Fundamentals of Al, machine learning,
deep learning

Topic 3. How to evaluate Al literature
Topic 4. Review of semina articles
Topic 5. Clinical applications

Topic 6. Surgical applications

Topic 7. Ethics

Topic 8. Medicolegal implications

Topic 9. Health disparities

Topic 10. Humanization of medicine
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Masters [56]

Valikodath et a [57]

Organizationof —
content

Implementation —
of content

e Year 1and 2: understand basic statistics and
mathematics

e Year 1-3: become familiar with components and
functions of Al

o Year 1-4: use web-based learning tools (articles,
lectures, modules, and case-based |earning)

o Year 2-4: assess primary literature on current Al
systems in ophthalmology

e  Year 3and 4: understand integration of Al into
clinical practice

«  Teaching tools(curriculum delivery and assessment
methods)

«  background reading: articles on conceptsin Al

o Casestudies

«  web-based lecture series from expertsin the field
(regularly updated)

o interactive webinars and modules

« surgical simulation-based training

o standardized tests

3PGME: postgraduate medical education.
bAl: artificial intelligence.
®Not applicable.

Figure 3. The comparison between the course content described by Masters [56] and Valikodath et al [57].

Content topic 1:

Masters (2020)

AI as AI

Content topic 4:
Ethical, legal, and
socialimplications

Content topic 3:
Self-awareness

A. Basic A. Ethics
mathematics and A. Clinical A. Humanization of
statistics applications medicine B. Medicolegal
implications
B. Fundamentals of B. Surgical
Valikodath et al o LT applications Slicet
learning, and deep disparities
(2021) learning

C. How to evaluate
Al literature

D. Review of
seminal articles

From our comparisons, we found that the main curricular topics
presented by Masters [56] appropriately corresponded to the
curricular topics presented by Valikodath et a [57], for example,
a main curricular topic of “Al in Medical Systems,” which
describes the way in which students should learn the structures
and processes of Al systemsthat they will be using in thefuture.
This corresponds to “Clinical Applications’ and “Surgical
Applications’ in which the content istargeted into learning how
to use Al applications for ophthalmology. It appears that
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Masters' [56] framework on course content can work as the
foundation on what curricular concepts a program should
include. Thisis because previous reviews have detailed similar
curricular topics currently being taught.

Current Educational Programs

From the 19 papers that describe an educationa program, 30
current or previously offered educational programs were
identified (Table 2) [12,25,31-33,42-55]. A total of 13 papers
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described, mentioned, or presented 24 educational programs survey and test scores) [25,42,44,48,49,55]. No papers described
[12,31-33,43,45-47,50-54], while 6 papers described and atheory, pedagogy, or framework that guided the educational

assessed 6 educational programs using eval uation methods (eg,

program.

Table 2. Educationa program characteristics (n=30 educational programs described in 19 papers).

Characteristic

Frequency, n (%)

Type of educational program
Course
Project
L ecture (dedicated to artificial intelligence)
Webinar
Educational summit or conference
Workshop
Pathway of education and program audience
Undergraduate medical education
General topics
Radiology
Postgraduate medical education
Radiology
Continuing medical education, n (%)
General topics
Radiology
Cardiology
Delivery setting
Medical school

National or international medical association

15 (50)
4(13)
4(13)
3(10)
2(7)
2(7)

17 (57)
16 (94)
1(6)
5(17)
5 (100)
8(27)
4 (50)
3(34)
1(13)

23 (77)
7(23)

Educational Program Delivery

Of the 30 educational programs described collectively in the
19 remaining papers, 15 (50%) programswere courses, 4 (13%)
were project-related initiatives, 4 (13%) were didactic lectures
dedicated to Al, 3 (10%) were webinars, 2 (7%) were an
educational summit or conference, and 2 (7%) were 1-day
workshops. “Al courseswere defined as el ective coursesfocused
on Al-based education. Didactic lectures dedicated to Al are 1
or 2 lectures that mention Al education but not a full course.
There were 77% (23/30) educational programs delivered from
a medical school, while 23% (7/30) were delivered from
recognized national or international medical associations.
Furthermore, it is important to clarify that some papers used
multiple educational program delivery approaches. For example,
an included paper explained their educational intervention was
acourse, but this courseincluded didactic lectures, mentorship,
and afinal project. However, the reporting of this educational
program’sdelivery isclassified asonly acourse and not counted
as another delivery approach to minimize confusion.

Of the 30 educational programs described collectively in the
19 remaining papers, 17 (57%) UME educational programs
were targeted toward medical students. Of these 17 programs,
16 (94%) were UME educational programs focused on general
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topics of Al in medicine and 1 (6%) was an UME educational
program focused on radiology concepts. Intotal, 17% (5/30) of
the postgraduate educational programs were for residents who
werein theradiology specidty. Of the 30 educationa programs,
8 (26%) were specified for practicing physicians (n=4, 50%
were CME educational programs focused on general topics of
Al in medicine, n=3, 37% were radiology for CME education,
and n=1, 13% was in cardiology for CME). The educational
program characteristics are provided in Table 2.

Curricular Content

The following curricular concepts were adapted and framed
from previous similar reviews [32,33]. The curricular content
and concepts were divided into 2 types: theoretical curricular
concepts and application-based curricular concepts. The
subcategories and their descriptionsare outlined in Table 3. The
following describe the theoretical curricular concepts:
fundamental of Al for using Al systems (15/19, 79%)
[12,25,31-33,42-47,49,51-53]; fundamentals of health care data
science for using Al systems (10/19, 53%)
[12,25,31-33,45,47,49-51]; strengths and limitations of Al (9/19,
47%) [31-33,45-49]; and ethical, legal, and economic
considerations  of Al systems  (11/19, 58%)
[12,25,31-33,42,45-48,52]. The following describe the
application-based curricular concepts: applicationsof Al systems
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(19/19, 100%) [12,25,31-33,42-55], operating Al systems in
health care settings (10/19, 53%) [12,25,31-33,43,46,47,52,55],

Tolentino et al

(719, 37%) [12,25,31-33,43,55], communication of Al results
to patients (4/19, 21%) [12,31-33], and critical appraisal of Al

impact of Al on clinical reasoning and medical decision-making  systems (7/19, 37%) [12,31-33,50,53,54].

Table 3. Curricular concepts mentioned in the educational program papers (n=19).

Description of curricular concept Reference

Al?curricular concept

Theoretical curricular concepts (learning what isAl in medicine)b

Fundamental of Al for using Al
systems

Providing an overview of Al definitions and concepts, including machine
learning; natural language processing; and the basics of data acquisition,
cleaning, analysis, and visualization

[12,25,31-33,42-47,49,51-53]

Fundamentals of health care data
science for using Al systems

Providing an overview of the environment supporting Al, which includes
biostatistics, big data, and the use and processing of data by algorithms
and machine learning

[12,25,31-33,45,47,49-51]

Strengths and limitations of Al Promoting learners' comprehension of the advantages and limitations of
various Al systems, such as factors that affect Al accuracy (eg, sources

of error and bias)

[31-33,45-49]

Ethical, legal, and economic con-
siderations of Al systems

Developing a comprehensive understanding of ethics, equity, inclusion,
patient rights, and confidentiality, alongside regulatory frameworks, policy
considerations, liability, and intellectual property issues related to using
Al systems as well as grasping the potentia alterations to business or
clinical processes resulting from the integration of Al technologies

[12,25,31-33,42,45-48,52]

Application-based curricular concepts (learning how to use Al for clinical practice)®

Applications of Al systems Familiarizing with clinical application of Al systemsin clinical practice

to understand how they are used

[12,25,31-33,42-55]

Operating Al systemsin health
care settings

Understanding how to embed and engagewith Al toolsinto clinical settings
and workflows (eg, learning to engage in data mining tools or how to
properly communicate with Al systems to receive meaningful results)

[12,25,31-33,43,46,47,52,55]

Impact of Al on clinical reasoning
and medical decision-making

Having the ability to understand, interpret, and apply resultsof Al systems
in clinical practice

[12,25,31-33,43,55]

Communication of Al resultsto
patients

Communicate findingsto patientsin apersonalized and meaningful manner
and engagein discussionsregarding the use of Al inthe medical decision-
making process

[12,31-33]

Critical appraisal of Al systems  Acquiring proficiency in assessing diagnostic and therapeutic algorithms
powered by Al to ensure safe and effective integration and usein clinica

practice

[12,31-33,50,53,54]

Al artificial intelligence.

bThe mentioned concepts encompass foundational learning that serves as the basis of medical artificial intelligence educational philosophy and clinical
practice.

®The mentioned concepts prioritize the practical applications of artificial intelligence knowledge and skillsin aclinical context.

knowledge, or skill) in which learners demonstrated acquisition

Assessment of Educational Outcomes of a variety of competencies (linear algebra pertaining to Al

Of the 19 papers, 6 (32%) presented the results of their
evaluation of an educational program (Table 4)
[25,42,44,48,49,55]. Two papers described only level 1
evaluation outcomes (eg, learner reaction and satisfaction with
the educational program) in which participants were overall
very satisfied with the Al content learned [42,48]. Four papers
described level 2 evaluation outcomes (eg, change in attitude,

https://mededu.jmir.org/2024/1/€54793

RenderX

and basics of Al) and skills (eg, incorporate medical decisions
given by an algorithm and implementing Al in clinical practice)
[25,44,49,55] where two of these papers also evaluated level 1
outcomes [25,49]. There were no outcomes that could be
categorized as level 3 or level 4; thus, the program evaluations
did not comment on the change in behavior or affect at the
organizational level or on patient outcomes.
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Table 4. Studies describing evaluation outcomes (n=6).

Tolentino et al

Study Educational program

Levelsand outcomes of themodel of training eval uation devel oped by Kirkpatrick and Kirkpatrick

(39]

Alderson et al [42], 2021 Course

Barbour et a [44], 2019  Educational summit

Level 1: “...satisfaction scores of 4.4/5.0 (n=13) [...]”

Level 2: “...therewasageneral belief [about 70% from the figures] that Al would make health
care less humanistic.”

Level 2: “...did not observe a meaningful shift in attitudes regarding the desire to take a
|eadership role in developing or implementing Al [...]”

Level 2: “Attendees arrived believing they had a poor baseline understanding of Al’srolein
health care, and left the summit with an enhanced understanding of the topic [...]"

Level 1. “The participants were overall very satisfied with the study material and the organi-
zation of the course, and deemed the content of the course important for their work as a

Level 2:“...self-perceived skillsimproved in al areas, for understanding Python code aswell
as for understanding concepts of linear algebra pertaining to Al.”

Level 2: “...participants felt more confident to analyze aresearch paper in the field, toimple-
ment an Al algorithmin aclinical environment, and to incorporate the decisions given by an
algorithm into their clinical decision making.”

Level 2: “Most of the participants felt more competent at dealing with Al in medical imaging

Level 1: “Ninety percent of theresidents... reported that the course was hel pful or very helpful

Level 1. “...94% of the participants...felt that the lectures were of high or very high quality.”
Level 1: “Eighty-two percent...reported that they planned to pursue additional educational or
research training in CER or big data analytics after the course [...]"

Level 1. “[...] 98% of the respondents felt that health services and big data research areim-

portant or very important for the future of radiology.

Level 1. “Exit surveys demonstrated a high degree of learner satisfaction, with an aggregate

Level 2: “Thereisastatistically significant difference between al pre- and postlecture question
results (P<.04) by Wilcoxon Sign-rank test.”

Hedderich et al [25], Course .
2021
clinician or scientist.”
after the course.”
Kang et a [48], 2017 Workshop .
[.]
Lindgwister et a [49], Course .
2021 rating of 9.8/10.”
Tschirhart et a [55], Workshop .

Level 2: “...considerable improvement in the first independent dataset, with further improve-

2022

ment in subsequent datasets [...]"

Discussion

Principal Findings

The development and implementation of Al in medica
education has greatly increased within the last decade,
specifically since the COVID-19 pandemic where there was a
global shift into the digital world accel erating the devel opment
of Al technology [59]. This can be seen asthe mgjority (15/21,
77%) of included paperswithin thisreview were published since
COVID-19 pandemic. Although thereisagrowing field within
research and practice, Al medical education, specifically within
curriculadevelopment, is till limited. We found that the current
curriculum frameworks for Al medical education are limited,
indicating a need for further research. We also found that the
current state of Al educational programslack the use of atheory,
framework, or pedagogy. In addition, we uncovered alternative
methods and different levels of in-depth curriculum planning
for Al in medical education.

Current State of Curriculum Frameworksfor Al
Medical Education

This is the first review to identify curriculum frameworks for
Al medical education, and our findings demonstrate that they

https://mededu.jmir.org/2024/1/€54793

are very limited. Although the literature is abundant in terms
of recommendations and potential plans of actions for
integrating Al education within medical education, thereis an
inadequate amount of formal curricula or frameworks
[20,60,61]. For example, curricular recommendations lack
specific learning outcomes and are not based on a particular
education theory, asthey usually focus solely on the content or
competencies that should be taught [32,56]. Although
understanding what concepts should betaught in Al isimportant,
curriculum frameworks must be as comprehensive as possible.

From the identified frameworks, Masters [56] outlines a broad
framework for any level of education, while Valikodath et al
[57] outlinesacomplete framework for ophthalmol ogy residency
education. Their frameworks remain dissimilar in al aspects,
except in how their course content was described. As seen with
these 2 papers, the lack of curriculum frameworks in the
literature is staggering. Further studies should focus on the
development of these frameworks and start thinking on how to
plan for the impending changes in medical education. As
Valikodath et a [57] demonstrated their Al curriculum
framework for ophthalmology, other specialties should follow
suit, as Al affects each specialty differently [9]. Overdl, the
current state of curriculum framework in medical education
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appears to be far from sufficient in the existing literature, and
further research is needed.

Current State of Al Medical Educational Programs

Overview

In comparison to curriculum frameworks, educational programs
inthisfield have been reviewed recently, specifically in the past
3 years [31-33]. However, research in Al medical education
evolves quickly, and thus, a further identification of programs
was carried out. We specifically looked at the framework,
pedagogy, or learning theory described; the content and its
audience; and if the program was eval uated for outcomes, which
were used to assess its effectiveness, according to the model
developed by Kirkpatrick et al [39].

The Lack of Learning Theories and Pedagogies

There were no papers that referenced a framework, pedagogy,
or learning theory that guided the existence of the educational
program. However, the use of frameworks, pedagogies, or
learning theories is important for informing the development
of valid, accurate, and competent educational programs|[62-64].
By using frameworks, pedagogies, or learning theories,
educators can choose the most effective instructional tactics,
learning objectives, assessment, and eval uation approaches that
can best help their students to learn [65]. A recent paper that
fell outside the scope of our search date describes the use of
constructivist theory and backward design learning principles
that guided the development of their Al course [66]. Further
papers should implement and report on a learning theory,
framework, or pedagogy, as they have a role in medica
education [65].

The Generalized Al Medical Content

The integration of Al concepts and topics within medical
education remains generalized throughout the different levels
of medical education, as seen with the educational programs
described in our review. A total of 20 educationa programs
were described as focusing on general topics such as
introductionsto Al or information on Al and its application to
medicine. The only postgraduate and continuing educational
programs that had an Al-specific educationa material were
radiol ogy, ophthalmology, and cardiology. This can be attributed
to variousreasons, including the constant evol ution and novelty
of Al technology, which may describe why generalized
educational programs for Al appear across the medical
educational continuum [67]. Radiology had the highest number
of educational programs and was seen in all levels of medical
education because Al in medicine was first applied in the field
of radiology as it detected microcalcifications in a
mammaography during the year of 1992, or it could be due to
the field being highly technological [68]. It is encouraging to
see that specialties such as ophthalmology and cardiology have
increased interest in Al education; other specialties and medical
institutions should begin to follow suit. Thisis encouraging as
it demonstrates that other speciaties besides the highly
technological field of radiology have been learning Al within
medical education. Thisis especially important as more fields
of medicine besides radiology are integrating Al within their
practice, such as cardiol ogy, pathology, and ophthalmology [3].
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Furthermore, most of the educational programs were found in
UME and within medical schools, whichisideal asit introduces
alarge audience of medical students to the concept of Al and
its applications early in their careers.

The Success of Current Al Educational Programs

The included literature demonstrates that current efforts are
being made to evaluate the outcomes of Al-related educational
initiatives. According to the model developed by Kirkpatrick
et a [39], an internationally recognized tool for evaluating and
analyzing the results of educational, training, and learning
programs, current Al programs have overall been positively
received by medical learners. This was represented by the
positive reactions, opinions, and attitudes toward Al after
completing an educational program (level 1) as well as the
acquisition of Al-related knowledge, skills, and confidence
(level 2). Thesefindingswere also presented in asimilar review
in which the Al educational programs they identified also had
positive outcomes, which were categorized as level 1 or level
2 [33]. However, further studies must assess educational
programs for outcomesin relation to behavioral changes (level
3), specifically if there has been a transfer of Al-related
knowledge, skills, and abilities into their daily work.

Further studies should also assess how the acquisition and
application of these Al-related knowledge, skills, and abilities
has affected the organization as a whole (eg, Has the increase
in Al-educated physicians improved overall efficiency at the
hospital?) or on patient outcomes (eg, Has there been an
improvement in the patient’sfunctional statusor saf ety because
of Al-educated physicians? [level 4]). By assessing for these
additional outcomes, educators and medical organizations can
understand how current Al educational programs have affected
physician performance with Al technology. Increased research
on the evaluations of educational programs can help further
validate current educational tools and be used asinspiration for
other ingtitutions to create their own educational material. As
seen in the review [33], there is a lack of consistency in the
measures of these outcomes, as self-constructed and
nonvalidated instruments were also used. Future studies should
develop a validated tool to evaluate educational outcomes for
a comprehensive synthesis.

Curriculum Planning and Framewor k Development
of Al Medical Education

Curriculum planning of Al educational initiativeswithin medical
education isinsufficient. Although limited studies of curriculum
frameworkswere published, other formsof curriculum planning
can be seen in the literature. Some medical institutions have
conducted Al perception surveys [69,70], curriculum needs
assessment surveys|[71-73], and an interview [ 74] to understand
what should beintegrated into the Al medical curriculum. These
studies are promising and contribute to the overall efforts to
understanding how current educators, medical students,
residents, and physicians consider Al within their educational
system.

The absence of curriculum frameworksis staggering, especially
given that Al competence is likely to become a required skill
for medical graduates [75]. The development of Al curricula

JMIR Med Educ 2024 | vol. 10 | €54793 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION

and frameworks have already been gaining traction across other
fields of education and levels. This can be seen as early as
childhood education; for example, Su and Zhong [76] present
their own curriculum framework, which outlinestheir concepts,
teaching methods, teaching activities, projects, and assessment
suggestions for Al education.

From a global perspective, the United Nations Educational,
Scientific, and Cultural Organization, a specialized agency of
the United Nations, released a document outlining the current
practices of developing and implementing Al curricula in
primary and secondary school education (K-12) [77]. From their
report, several types of frameworks for Al literacy have been
suggested, such as the Al Literacy Competency Framework,
the A14K12: 5 Big | deas Framework, and the Machine Learning
Education Framework. These recent reports and papers suggest
increased effortsto integrate Al education before postsecondary
school, which further stresses the importance of developing Al
curriculaand frameworksin medical education. Although there
are current educational frameworksfor Al education, each target
audience must have their own specialized curriculato tailor the
educational needs of the learners.

Medical educators can develop their curriculum through several
different methodologies, such as the 10 key questions to be
addressed while developing a curriculum [78] and the 6-step
approach for curricular design [79]. However, curriculum
frameworks allow avisual and detailed road map to implement
acurriculum. Through this detailed format, educators are able
to easily navigate the curriculum and its implementation,
especially for new conceptsin medicine, such asAl. To develop
curriculum frameworks for Al in medicine, there must be an
interdisciplinary team consisting of medical educators, Al
experts and users, researchers, and curriculum designers dueto
the multiple fields incorporated.

Theintroduction of Al in medicine must be properly structured
and organized within UME, PGME, and CME. Therefore,
curriculum frameworks should be properly established through
different levels of education and specialties. This has been
emphasized by other reviews that call for integration of Al
education in al levels and, thus, all specialties of medicine
[17,33]. For example, a curriculum framework for UME will
be different than a curriculum framework for PGME in
dermatology. Curriculum frameworks can be adapted and they
most likely will be, especialy since Al education in medical
education is fill initsinfancy. Thisis where leadersin UME,
PGME, and CME organizations (eg, policy makers, medical
educators, and researchers) must communicate effectively to
eliminate any crossover education and repeated information.
New technology and innovationsin relation to Al and medicine
will inevitably occur; however, it isimportant to be cognizant
of the fundamentals of Al and how it will affect a physician’s
practice at the time. Sufficient planning of an Al curriculawill
deliver effective education for physicianswho will increasingly
be using Al technology in the near future; therefore, medical
educators and institutions must begin to consider curriculum
planning.

https://mededu.jmir.org/2024/1/€54793
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I ncorporating and Advocating for Al IntotheM edical
Curriculum

The literature emphasizes the need to introduce Al in the
medical education curriculum [12,13,15-20]; however, there
are severa challenges that have been discussed in terms of
implementing this type of education. Thisincludesinsufficient
time, insufficient resources (eg, lack of teaching staff or
knowledge), and variable aptitude and interest in Al [80-82].
However, this review details several approaches to
implementation as well as 6 studies that have evaluated their
educational program. These successful educational programs
can provide medical schools and national and international
medical organizations with examples of current Al content
topics and implementation methods that have worked for others.
These medical education ingtitutions can view how Al-based
medical education is currently being offered around the world
and understand any challenges, opportunities, and strengths
about these programs. Although the content and provision of
Al education is heterogenous, this heterogeneity can allow
educators and studentsto view the many types of programsthat
wereoffered. AsAl education for medicineistill initsinfancy,
educators should explore these programs where they can then
potentially modify an educational program that best suits their
needs. As seen in this review, there are several ways to
incorporate Al material into the current curriculum seamlesdly,
such as an Al fundamentals lecture or module, an Al elective,
or aresearch project.

Medical students, residents, and practicing physiciansalso have
the opportunity to advocate for the inclusion of Al education
at their respective ingtitutions [46]. For example, there are
several North American university chapters of the Artificial
Intelligence in Medicine Student Society, such asthe University
of Toronto and University of Alberta, which organizes
workshops, conferences, and multiple speaker sessions
throughout the year [46]. These student interest groups
demonstrate the increased interest for Al and can potentialy
build momentum and advocate for Al education at their
respectiveingtitutions. Assome of the offerings at these student
interest groupsinclude brief educational material for Al, medical
institutions can work with these students as a starting point.

Strengthsand Limitations

The strengths of this review include the comprehensive search
strategies, theinclusion of avariety of information sources, and
rigorous methodological approaches that are replicable. For
example, study selection was completed by 2 reviewers, and
disagreements were resolved by discussion or consensus
involving a third investigator. Furthermore, a scoping review
protocol was registered and published to improve transparency
of the methodological process.

Although this study was conducted in a structured and
systematic manner, there are some limitationsthat areimportant
to consider. A limited number of papers were retrieved during
the search and selection process. Only 2 papersreported having
a curriculum framework, with 1 reporting a full curricula plan
related to Al in medicine. This can be because Al technology
is emerging and continuing to change within medicine and it
has been limiting in terms of educational advances. Because of
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the nature of the scoping review, the quality of each identified
study was not assessed.

Conclusions

Medicine is rapidly evolving from the information age to the
age of Al, where machines will become an integral part of
medical practice. Thus, medical education needs to keep pace
with changes in medical practice. This review synthesized
knowledge from the literature on curriculum frameworks and
current educational programs that focus on the teaching and
learning of Al for medical students, residents, and practicing
physicians. To better integrate Al curriculainto the continuum
of medical education, discussions surrounding curriculum
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