
Educating Future Physicians in Artificial Intelligence (AI):
An Integrative Review and Proposed Changes

Joel Grunhut1 , Adam TM Wyatt1 and Oge Marques2
1Charles E. Schmidt College of Medicine, Florida Atlantic University, USA. 2College of Engineering and
Computer Science, Florida Atlantic University, USA.

ABSTRACT

BACKGROUND: As medicine and the delivery of healthcare enters the age of Artificial Intelligence (AI), the need for competent human–machine
interaction to aid clinical decisions will rise. Medical students need to be sufficiently proficient in AI, its advantages to improve healthcare’s
expenses, quality, and access. Similarly, students must be educated about the shortfalls of AI such as bias, transparency, and liability.
Overlooking a technology that will be transformative for the foreseeable future would place medical students at a disadvantage. However, there
has been little interest in researching a proper method to implement AI in the medical education curriculum. This study aims to review the current
literature that covers the attitudes of medical students towards AI, implementation of AI in the medical curriculum, and describe the need for more
research in this area.

METHODS: An integrative review was performed to combine data from various research designs and literature. Pubmed, Medline (Ovid),
GoogleScholar, and Web of Science articles between 2010 and 2020 were all searched with particular inclusion and exclusion criteria. Full text
of the selected articles was analyzed using the Extension of Technology Acceptance Model and the Diffusions of Innovations theory. Data
were successively pooled together, recorded, and analyzed quantitatively using a modified Hawkings evaluation form. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses was utilized to help improve reporting.

RESULTS: A total of 39 articles meeting inclusion criteria were identified. Primary assessments of medical students attitudes were identified (n=5).
Plans to implement AI in the curriculum for the purpose of teaching students about AI (n=6) and articles reporting actual implemented changes (n=2)
were assessed. Finally, 26 articles described the need for more research on this topic or calling for the need of change in medical curriculum to antici-
pate AI in healthcare.

CONCLUSIONS: There are few plans or implementations reported on how to incorporate AI in the medical curriculum. Medical schools must work
together to create a longitudinal study and initiative on how to successfully equip medical students with knowledge in AI.
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Introduction
Trends in Healthcare

The United States is projected to see a growth in healthcare

expenditure at a rate of 5.4% to reach $10 trillion by 2022

thereby constituting 9% of gross domestic product.1–3 The

expansion of healthcare has permeated many aspects of

medical practice. For physicians, there are many concerning

trends in healthcare including the growth of information and

information technology. Ten years ago it was predicted that

the doubling time of medical knowledge in 1950 was 50

years; in 1980, 7 years; and in 2010, 3.5 years, and in 2020 it

was projected to be 0.2 years—just 73 days.4 At the given

rate, entering medical students will experience a doubling of

medical knowledge 5 times in their first year alone. Already

strained under a regular medical school curriculum, accumulat-

ing dynamically changing information without proper aid will

present an unprecedented challenge in medical education and

medical careers.5,6

Rise of AI

Artificial Intelligence (AI) is defined as the ability of a machine

to imitate human intelligence. From its inception, AI has per-

meated everyday life, business and in particular, AI is increas-

ingly applied to healthcare.7 The technology has the potential

to impact many aspects of both institutionalized and private

healthcare, from diagnosis to treatment options and from

benchwork research to pharmaceutical design. AI is being

tested in healthcare to assist and replace repetitive tasks such

as image recognition in diagnosis and augmentation of images

in radiology. AI is expected to augment healthcare workflow

through automated triage, improve the productivity of individ-

ual physicians, reduce human errors, discover better patterns

of patient care, defray medical costs, perform minimally invasive

surgery, and reduce mortality rates.8–14 Ultimately, physicians

roles are changing due to the superior efficacy of AI in dealing

with many established physician practices,15 chemical synthesis

planning, and drug discovery.
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The Need to Adapt

In the past, as with the introduction of robotics, physicians

roles were under similar pressure from change.16 In response,

physicians adapted their roles to best match their tools to

further advance patient care.17 However, with the rapid

advancement of AI, physicians face an unprecedented stress

to learn entire new skill sets and to manage an exponential

growth of medical knowledge.18 Fortunately, solving the chal-

lenge of learning about AI can provide a useful solution to the

issue of expanding medical knowledge. AI has the ability to

equip physicians with an alternative to efficiently deal with

and translate medical knowledge into practice.19–21

Transforming Education

Healthcare is advancing and along with it is the necessity to

improve medical education. As the rate of discovery of medical

knowledge grows, physicians will have trouble managing, organ-

izing, and retaining information. Technologies such as AI are

needed to enable healthcare professionals to effectively use this

knowledge to practice medicine.22 As medicine and the delivery

of healthcare enters the age of AI, the need for competent

human–machine interaction for the use of data to aid clinical

decision making will rise.23 Medical students need to be suffi-

ciently proficient in understanding the fundamental concepts of

how AI functions, its advantages to improve expenses, increase

quality, and ease access to healthcare.24,25 Similarly, students

must be educated about the shortfalls of AI such as transparency

and liability.26–29 Finally, overlooking a technology that will be

transformative for the foreseeable future would place medical stu-

dents at a disadvantage.

Goals

Weaim to provide an extensive literature reviewof previous studies

describing the role of teaching AI in medical education as a curric-

ulum subject. This includes teaching AI as a concept, tools, princi-

ples, methodologies, implications, risks, and applications.Medical

students should be able to use, interpret, and explain the results of

anAI output.30 Although teachingmedical studentswithAI tools

ismeaningful and important, that is beyond the scope of this paper.

This paper also aims to further transition from a call to teach

medical students aboutAI to an advanced path of implementation.

In this paper, we summarize recent relevant papers in the field of

medical education that have addressed the main topics of interest

in this paper, particularly the curricular, cultural, and attitudinal

changes required to successfully incorporate the teaching of AI

contents in undergraduate medical education (UME).

Method
Design and Search

An integrative review approach was chosen to identify the past and

current literature from different types of research. Integrative

review is a unique approach to combining different approaches

to research including experimental and nonexperimental.31 The

sequential approach to integrative review is problem identification,

literature search, data evaluation, data analysis, and presentation.31

The problem identified was to understand the lack of AI imple-

mentation in medical education.

A search design was agreed upon by all authors. The designed

strategy was to search Pubmed, Medline (Ovid), GoogleScholar,

and Web of Science. Key terms searched were (“AI” or “artificial
intelligence” or “machine learning”) AND (“medical education”
or “undergraduate medical education”) AND (“curriculum” or

“learning” or “teaching”). Resulting article lists were saved,

reviewed, and analyzed for selection criteria on Excel.

Exclusion and Inclusion Criteria

This study included national and international experimental

and nonexperimental studies published in English. We selected

articles dating from 2010 in order to include the period before

the major growth in electronic health records and digital infor-

mation in 2011.32,33 Article inclusion criteria included studies

discussing the need for AI to be incorporated in the medical

curriculum either at undergraduate level. We included literature

reviews, studies that repeated prior speculative suggestions of

curriculum reform, dissertations, letters, opinions, perspectives,

and commentaries. We included articles with at least specula-

tive suggestions of curriculum reform, medical student and

faculty attitude towards AI, planned out curriculum changes,

reports of implemented changes, and institutional level pro-

grams to train students in AI.

However, we excluded research that did not mention the need

for education of AI in medical school or provide new educational

strategies or insight into the actual progression of AI in medical

education. Additionally, we excluded research focusing on incorp-

oration of AI tools to enhance medical learning as this was not the

purpose of our study. Finally, we excluded research on graduate

level medical education or continued medical education.

Data Selection

Using Excel functions, duplicate research studies were screened

out. The authors went through each match and analyzed manu-

script title and abstract based on predetermined inclusion and

exclusion criteria for relevance. Two of the authors independ-

ently screened the articles for inclusion and exclusion criteria.

They discussed their results and resolved any discrepancies

using the third author. Individual articles were then reanalyzed

for inclusion criteria accuracy based on article content in the

same manner.

Relevance Grading

Articles were then coded according to relevance for this integrative

review. Relevance was scored on a 4-point scale: 1— articles call
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for change with speculative reform, 2—determining student and

faculty attitudes, 3—thorough plans for a curriculum change, 4

—reports of implemented curriculum change or institutional pro-

grams. This was determined through careful reading of the full

manuscript and determining the best fit category. The scores

were then verified by another author who had no previous expos-

ure to the previous values scored. Any discrepancies were discussed

holistically and rescored jointly.

Results
The initial searches performed resulted in a total of 729 articles.

Removal of duplicates resulted in a total of 588 articles

(Table 1). Medline search yielded 289 matches. Pubmed

resulted in 251unique matches. Google Scholar search yielded

a targeted group of 37 new matches. Web of Science search

resulted in 11 new matches. We excluded titles that failed to

mention AI in medical education (n= 463). Authors individually

determined the significance of each article based on title and then

compared results to find discrepancies. We then reviewed

abstracts and excluded any articles that failed to describe the

focus of AI as part of the medical curriculum (n= 86). At this

point, the authors excluded any articles that did not focus on

UME (n= 1). This resulted in 39 articles total that is displayed

in a Preferred Reporting Items for Systematic Reviews and

Meta-Analyses flowchart (Figure 1).

Data Evaluation

The articles’ relevance based on the 4-point scale for integrative

review revealed 26 articles calling for change with speculative

reform, 5 articles determining student and faculty attitudes, 6 arti-

cles with thorough plans for a curriculum change, and 2 reports of

implemented curriculum change or institutional programs

(Table 2). Both of these articles were not changes brought to an

entire medical school or medical class but pilot programs for indi-

vidual students.

Discussion
Our results showed an overall consensus that the current

knowledge of AI among physicians is at an alarmingly low

level and insufficient for future physicians.55 Previous litera-

ture has proclaimed the importance of AI incorporation

into the medical school curriculum.37 AI holds the potential

to transform lives across the United States through increased

economic prosperity, improved educational opportunities,

and quality of life. At the same time, the potential capabilities

and complexities of AI make it critically important to further

advance our understanding of AI.41 Medical educationists

throughout the world are of the view that a reboot of

medical education and curriculum shift from “Knowledge
acquisition” to emphasis on “Knowledge management and

communication” is needed to address the emerging chal-

lenges of 21st century.39,45 Furthermore, with the increasing

integration of big data and AI in professional practice there is

a gap in physician knowledge in the matter. Specifically, one

result of our review reported that students in an UME

program should acquire sufficient knowledge of basic and

clinical medicines, data science, biostatistics, and evidence-

based medicine.28 As a medical student, one should learn to

create thoroughly validated, trustworthy information for

patients and the public through learning about the fundamen-

tal concepts of AI.28

Lack of Implementation

Our results show that the literature suggests a consensus of opi-

nions regarding the importance of AI education in medical cur-

riculum but a void in actual planning and implementation of

this.43,46,48 Of the 6 articles mentioning plans for curricular

change, there is no indication of published articles following

up on these plans.38,44,50,51 It is not fully understood what is

preventing medical schools from implementing these changes.

It is likely only a matter of a few years before physicians will

be ill equipped to handle the change on healthcare AI will

bring.

Based on our results of the previous literature, we found

that the lack of knowledge in AI among medical school

faculty is the single most important hindrance in incorporat-

ing it among the curriculum.34,47,49,55 Medical school

faculty simply have no understanding of how to implement

this change.35 Therefore, we propose an advanced initiative

to propel this change.

What is the Best way Forward?

In order to anticipate changes and challenges in medical educa-

tion environments, this review integrated the opinions, studies,

and reported changes of implementation of AI in medical edu-

cation. The results of our systematic review show that no insti-

tutional comprehensive studied and researched initiatives were

conducted. Among the 2 reports of implemented changes,

there were no previous reported studies researching what stu-

dents hope to gain from such changes or what methods

would be most effective.36,47 Similarly, among the 6 articles

Table 1. Search Outcomes for Each Database Before and After
Duplicate Removal.

SOURCE BEFORE DUPLICATE

REMOVAL

AFTER DUPLICATE

REMOVAL

Medline ProQuest 289 289

Pubmed 349 251

Google Scholar 42 37

Web of Science 49 11

Total 729 588

Grunhut et al 3



with proposed changes to medical curriculum, there was no

evidence-based method backing these proposals.40,54 The

detailed programs introduced in this study could be useful for

medical educators in the development of curricula. Further

research is required to integrate the educational trends into

graduate and continuing medical education, and to investigate

the status or effects of innovative educational programs in

each medical school.

Going forward, we propose a longitudinal study searching

for a comprehensive understanding of how to conduct a large

and unparalleled change by incorporating AI in the medical

education curriculum.

Call for Research of AI in Medical Education

The exposure of gaps in medical faculty knowledge of AI is in

the process of research but is likely to conclude that there is a

need to restructure faculty positions to bridge these gaps;

these gaps may be inhibiting learners who have an active inter-

est in AI applications but lack exposure to knowledgeable

faculty to help them understand, access, and apply them.42,56

A 2015 publication noted that 30% of US medical students sur-

veyed had interest in clinical informatics, but were not able to

identify training opportunities to help.57 These knowledge

gaps, however, should not be solely characterized in a negative

fashion, as they also present important opportunities for new

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart describing the inclusion and exclusion criteria.
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Table 2. Literature Search Results With Relevance Score.

TITLE AUTHOR YEAR SCOREa

AI added to the curriculum for doctors-to-be.34 Brouillette M 2019 1

Applications and challenges of implementing artificial intelligence in medical
education: integrative review.33

Chan KS, Zary N. 2019 1

Artificial intelligence and deep learning: the future of medicine and medical
practice.5

Sanal MG, Paul K, Kumar S, Ganguly NK. 2019 1

Artificial intelligence and healthcare professional education: superhuman
resources for health?25

Walsh K. 2020 1

Artificial intelligence education and tools for medical and health informatics
students: systematic review.35

Hasan Sapci A, Aylin Sapci H. 2020 1

Artificial intelligence in health care: insights from an educational forum.19 Barbour AB, Frush JM, Gatta LA, et al 2019 2

Artificial intelligence in medical education and the meaning of interaction with
natural intelligence—an interdisciplinary approach36

Lang J, Repp H. 2020 2

Artificial intelligence in medical education: Are we ready for it?37 Imran N, Jawaid M. 2020 1

Artificial Intelligence developments in medical education: a conceptual and
practical framework32

Masters K. 2020 1

Artificial intelligence in medicine: today and tomorrow.38 Briganti G, Le Moine O. 2020 1

Artificial intelligence in radiology: who’s afraid of the big bad wolf?39 Gallix B, Chong J. 2019 2

Attitudes and perceptions of UK medical students towards artificial intelligence
and radiology: a multicentre survey.23

Sit C, Srinivasan R, Amlani A, et al 2020 2

Barriers and solutions to online learning in medical education—an integrative
review40

O’Doherty D, Dromey M, Lougheed J,
Hannigan A, Last J, McGrath D.

2018 3

Developing an artificial intelligence-enabled health care practice: rewiring health
care professions for better Care.17

Wiljer D, Hakim Z. 2019 3

Implications of artificial intelligence (Al) on dynamics of medical education and
care: a perspective41

Srivastava TK, Waghmare L. 2020 1

Institutionalizing healthcare hackathons to promote diversity in collaboration in
medicine.42

Wang JK, Roy SK, Barry M, Chang RT, Bhatt
AS.

2018 4

Integrating digital health into the curriculum—considerations on the current
landscape and future developments26

Aungst TD, Patel R. 2020 3

Introducing artificial intelligence training in medical education.43 Paranjape K, Schinkel M, Panday RN, Car J,
Nanayakkara P

2019 1

Introductory machine learning for medical students: a pilot44 Fan KY, Hu R, Singla R 2020 4

Keeping pace: the need for digital health education in medical schools24 Spigner ST. 2020 1

Looking ahead: The dynamic nature of health systems science, future trends, and
the role of learners as change agents20

Borkan JM, Stagg Elliott V, Wolpaw T,
Hassan I, Lomis KD.

2021 3

Machine learning and medical education.45 Kolachalama VB, Garg PS. 2018 1

Machine learning: the next paradigm shift in medical education46 James C, Wheelock K, Woolliscroft J. 2021 1

Medical education and the war with the machines.47 Ellaway RH. 2014 1

Medical education must move from the information age to the age of artificial
intelligence.48

Wartman SA, Donald Combs C. 2018 1

Medical education trends for future physicians in the era of advanced technology
and artificial intelligence: an integrative review.49

Han ER, Yeo S, Kim MJ, Lee YH, Park KH,
Roh H.

2019 1

National Cancer Institute Workshop on artificial intelligence in radiation oncology:
training the next generation.50

Kang J, Thompson RF, Aneja S, et al 2020 3

On artificial intelligence and deep learning within medical education.51 Carin L. 2020 1

(continued)
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faculty development into the medical education environment.

Employing a new cohort of educators with skills in new areas

is necessary but also innovative.58 The AMA Council on

Medical Education wrote that institutional leaders and aca-

demic deans must proactively accelerate their inclusion of non-

clinicians, such as data scientists and engineers, onto their

faculty rosters.52

The proper plan should incorporate a longitudinal model to

study AI across the medical education continuum. This study

should begin with national surveys of medical students and edu-

cators on the attitudes and expectations of learning AI in

medical school. These surveys should identify the realistic

goals and expectations of what future physicians should

expect and what faculty members need to meet these expecta-

tions. These surveys should be measurable and have interpret-

able data to advance the implementation of AI in UME.

A concerted multiinstitutional study is a logical approach to

achieve these goals. Thereafter, multidisciplinary research, col-

laboration, training, and learning about the role of AI in medi-

cine should be incorporated through previously proven methods

in similar drastic curricular changes.

Barriers to Change

As the push for AI in medical education continues to make

advancements, it is not without challenges and barriers.

Change is met with resistance from faculty and physicians ill

equipped for such an evolution of clinical practice.49 Fear of

eventual physician replacement by machine may prevent these

opportunities. Furthermore, misunderstanding and lack of

background in AI can create skepticism in the trustworthiness

of a machine learning prediction. This is compounded by the

regular difficulties in organizing large curricular change.

Further research on how best to incorporate these changes is

warranted.

Moving Forward

A school wishing to keep up with the technologies and

advances in healthcare should heed the warnings of numerous

physicians about the role of AI as a partner in medicine. Not

doing so would disadvantage the future generation of physicians

and place them at the mercy of catching up to technology.

Physicians should be trained to understand the technological

capabilities and limitations of AI so that they can properly

employ it as a safe tool in practice. Physicians need the ability

to interpret the results and communicate a recommendation

to the patients. Furthermore, physicians should be exposed to

the emerging ethical challenges that AI will bring to the work-

place. How can a physician untrained in the field of AI expect

to navigate ethical scenarios such as if a computer algorithm

predicts a high chance of death for a patient.

The implementation of AI in medicine will change the way

care is delivered going forward. Medicine is headed along with

most other fields, into the age of information technology. Using

the Normalization Process Theory, we perceive that AI will

become embedded in society both individually and collectively

and ultimately will be a necessity in the daily routine of a phys-

ician.53 However, this process can be accelerated in extreme cir-

cumstances that call upon the need for AI.

Table 2. Continued.

TITLE AUTHOR YEAR SCOREa

Playing to our human strengths to prepare medical students for the future.15 Chen J. 2017 1

Preparing medical students for the impact of artificial intelligence on healthcare52 Bilimoria K, Harish V, McCoy L, et al 2019 1

Reimagining medical education in the age of AI.6 Wartman SA, Combs CD. 2019 1

Technology can augment, but not replace, critical human skills needed for patient
care53

Alrassi J, Katsufrakis PJ, Chandran L. 2021 1

The empirical challenge of 21st-century medical education.54 Wartman SA. 2019 3

The importance of introducing artificial intelligence to the medical curriculum—

assessing practitioners’ perspectives22
Dumić-Čule I, Orešković T, Brkljačić B,
Tiljak MK, Orešković S

2020 2

The role of artificial intelligence in learning and professional development for
healthcare professionals.21

Randhawa GK, Jackson M. 2020 1

What should medical students know about artificial intelligence in medicine?27 Park SH, Do KH, Kim S, Park JH, Lim YS. 2019 1

Where medical education meets artificial intelligence: ‘Does technology care?’28 van der Niet AG, Bleakley A. 2021 1

Why we needn’t fear the machines: opportunities for medicine in a machine
learning world.16

Li D, Kulasegaram K, Hodges BD. 2019 1

Will artificial intelligence solve the human resource crisis in healthcare?14 Meskó B, Hetényi G, Győrffy Z. 2018 1

a1—articles call for change with speculative reform, 2—determining student and faculty attitudes, 3—thorough plans for a curriculum change, 4—reports of implemented
curriculum change or institutional programs.
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During COVID-19, medicine changed and it was acceler-

ated by AI and other advanced technologies. We saw entire

practices and hospitals switch over to telehealth and this exem-

plifies the need to train doctors in advanced healthcare technol-

ogy. The future of medical education and medicine is uncertain

after the pandemic resolves but an AI-centric future is likely to

be the disruptive change that will guide the future of learning

and medicine.

Some of the large problems in healthcare, such as patient

wait times, cost of healthcare, and insufficient care may find

AI to be extremely helpful.59 But the costs of misusing AI

may be equally problematic.60 These advantages and liabilities

call for future physicians to begin to be properly trained in

AI’s uses and pitfalls.

Our study has its limitations including a limited amount of

databases searched and limited search queries. We accounted

for this by looking through the resulting included studies’ refer-
ences for possible missed studies. Additionally, we tried to limit

bias in the relevance and scoring process by using a third author

opinion and discussing all discrepancies.

There is little doubt among the literature we reviewed that

AI will be the future of medicine. In order to continue to effi-

ciently train physicians to be able to handle today and tomor-

row, a national and multiinstitutional initiative is warranted.
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of introducing artificial intelligence to the medical curriculum – assessing practi-

tioners’ perspectives. Croat Med J. 2020;61(5):457–464. doi:10.3325/CMJ.2020.

61.457.

24. Sit C, Srinivasan R, Amlani A, et al. Attitudes and perceptions of UK medical stu-

dents towards artificial intelligence and radiology: a multicentre survey. Insights

Imaging. 2020;11(1):7–12. doi:10.1186/s13244-019-0830-7.
25. Khurana. M. Keeping Pace: The Need for Digital Health Education in Medical

Schools. AcadMed. 2020;95(11):1629–1630. doi:10.1097/ACM.0000000000003672

26. Walsh K. Artificial intelligence and healthcare professional education: superhuman

resources for health? Postgrad Med J. 2020;96(1133):121–122. doi:10.1136/

postgradmedj-2019-137132

27. Aungst TD, Patel R. Integrating digital health into the curriculum—considerations

on the current landscape and future developments. J Med Educ Curric Dev.

2020;7:238212051990127. doi:10.1177/2382120519901275.

28. Park SH, Do KH, Kim S, Park JH, Lim YS. What should medical students know

about artificial intelligence in medicine? J Educ Eval Health Prof. 2019;16:16–21.
doi:10.3352/jeehp.2019.16.18.

29. van der Niet AG, Bleakley A. Where medical education meets artificial

intelligence: ‘does technology care?’. Med Educ. 2021;55(1):30–36. doi:10.1111/
medu.14131.

30. McCoy LG, Nagaraj S, Morgado F, Harish V, Das S, Celi LA. What do medical

students actually need to know about artificial intelligence? npj Digit Med.

2020;3(1):2–4. doi:10.1038/s41746-020-0294-7.
31. Whittemore R, Knafl K. The integrative review: updated methodology. J Adv Nurs.

2005;52(5):546–553. doi:10.1111/j.1365-2648.2005.03621.x.
32. Murdoch TB, Detsky AS. The inevitable application of big data to health care.

JAMA. 2013;309(13):1351–1352. doi:10.1001/jama.2013.393.

33. Chen XW, Lin X. Big data deep learning: challenges and perspectives. IEEE Access.

2014;2:514–525. doi:10.1109/ACCESS.2014.2325029.

34. Han ER, Yeo S, Kim MJ, Lee YH, Park KH, Roh H. Medical education trends

for future physicians in the era of advanced technology and artificial intelligence:

an integrative review. BMC Med Educ. 2019;19(1). doi:10.1186/s12909-019-

1891-5.

35. Ellaway RH. Medical education and the war with the machines. Med Teach.

2014;36(10):917–918. doi:10.3109/0142159X.2014.955088
36. Brouillette M. AI Added to the curriculum for doctors-to-be. Nat Med. 2019;25-

(12):1808–1809. doi:10.1038/s41591-019-0648-3.

Grunhut et al 7

https://orcid.org/0000-0003-3160-6147
https://orcid.org/0000-0003-3160-6147
https://orcid.org/0000-0002-8104-9679
https://orcid.org/0000-0002-8104-9679
https://orcid.org/0000-0003-4321-2719
https://orcid.org/0000-0003-4321-2719
http://apps.who.int/gho/data/node.main.GHEDCHEGDPSHA2011
http://apps.who.int/gho/data/node.main.GHEDCHEGDPSHA2011
http://www.crfb.org/sites/default/files/HealthCareandtheFederalBudget.pdf
http://www.crfb.org/sites/default/files/HealthCareandtheFederalBudget.pdf
http://www.crfb.org/sites/default/files/HealthCareandtheFederalBudget.pdf
https://www.commonwealthfund.org/publications/journal-article/2018/mar/health-care-spending-united-states-and-other-high-income
https://www.commonwealthfund.org/publications/journal-article/2018/mar/health-care-spending-united-states-and-other-high-income
https://www.commonwealthfund.org/publications/journal-article/2018/mar/health-care-spending-united-states-and-other-high-income
https://www.commonwealthfund.org/publications/journal-article/2018/mar/health-care-spending-united-states-and-other-high-income
https://login.ezproxy.fau.edu/login?url=https://search.proquest.com/docview/2258734066?accountid=10902
https://login.ezproxy.fau.edu/login?url=https://search.proquest.com/docview/2258734066?accountid=10902
https://login.ezproxy.fau.edu/login?url=https://search.proquest.com/docview/2258734066?accountid=10902
https://login.ezproxy.fau.edu/login?url=https://search.proquest.com/docview/2258734066?accountid=10902
https://doi.org/10.1001/amajethics.2019.146..
https://doi.org/10.2139/ssrn.3525037..
https://doi.org/10.1038/s41551-018-0305-z..
https://doi.org/10.1038/s41551-018-0305-z..
https://doi.org/10.1038/s41551-018-0305-z..
https://doi.org/10.1038/s41551-018-0305-z..
https://doi.org/10.1148/radiol.2017171183.
https://doi.org/10.1089/heq.2018.0037.
https://doi.org/10.1089/heq.2018.0037.
https://doi.org/10.1007/s11548-018-1860-1.
https://doi.org/10.1007/s11548-018-1860-1.
https://doi.org/10.1007/s11548-018-1860-1.
https://doi.org/10.1007/s11548-018-1860-1.
https://doi.org/10.1371/journal.pone.0214365.
https://doi.org/10.1371/journal.pone.0214365.
https://doi.org/doi:10.1186/s12913-018-3359-4
https://doi.org/doi:10.1186/s12913-018-3359-4
https://dx.doi.org/10.3946/kjme.2017.65
https://dx.doi.org/10.3946/kjme.2017.65
https://doi.org/10.1016/j.jbi.2020.103483.
https://doi.org/10.1016/j.jbi.2020.103483.
https://doi.org/10.1097/ACM.0000000000002661.
https://dx.doi.org/10.1016/j.jmir.2019.09.010
https://dx.doi.org/10.1016/j.jmir.2019.09.010
https://doi.org/10.1038/s41591-018-0300-7.
https://doi.org/10.1038/s41591-018-0300-7.
https://doi.org/10.1038/s41591-018-0300-7.
https://doi.org/10.1038/s41591-018-0300-7.
https://doi.org/doi:10.1177/2382120519889348
https://doi.org/doi:10.1177/0840470419869032
https://doi.org/10.3325/CMJ.2020.61.457.
https://doi.org/10.3325/CMJ.2020.61.457.
https://doi.org/10.1186/s13244-019-0830-7.
https://doi.org/10.1186/s13244-019-0830-7.
https://doi.org/10.1186/s13244-019-0830-7.
https://doi.org/10.1186/s13244-019-0830-7.
https://doi.org/10.1097/ACM.0000000000003672
https://doi.org/10.1136/postgradmedj-2019-137132
https://doi.org/10.1136/postgradmedj-2019-137132
https://doi.org/10.1177/2382120519901275.
https://doi.org/10.3352/jeehp.2019.16.18.
https://doi.org/10.1111/medu.14131.
https://doi.org/10.1111/medu.14131.
https://doi.org/10.1038/s41746-020-0294-7.
https://doi.org/10.1038/s41746-020-0294-7.
https://doi.org/10.1038/s41746-020-0294-7.
https://doi.org/10.1038/s41746-020-0294-7.
https://doi.org/10.1111/j.1365-2648.2005.03621.x.
https://doi.org/10.1111/j.1365-2648.2005.03621.x.
https://doi.org/10.1001/jama.2013.393.
https://doi.org/10.1109/ACCESS.2014.2325029.
https://doi.org/10.1186/s12909-019-1891-5.
https://doi.org/10.1186/s12909-019-1891-5.
https://doi.org/10.1186/s12909-019-1891-5.
https://doi.org/10.1186/s12909-019-1891-5.
https://doi.org/doi:10.3109/0142159X.2014.955088
https://doi.org/10.1038/s41591-019-0648-3.
https://doi.org/10.1038/s41591-019-0648-3.
https://doi.org/10.1038/s41591-019-0648-3.
https://doi.org/10.1038/s41591-019-0648-3.


37. Chan KS, Zary N. Applications and challenges of implementing artificial intelli-

gence in medical education: integrative review. J Med Internet Res. 2019;21(6).

doi:10.2196/13930.

38. Kang J, Thompson RF, Aneja S, et al. National cancer institute workshop on arti-

ficial intelligence in radiation oncology: training the next generation. Pract Radiat

Oncol. Published online June 13, 2020. doi:10.1016/j.prro.2020.06.001

39. Imran N, Jawaid M. Artificial intelligence in medical educationare we ready for it?

Pakistan J Med Sci. 2020;36(5):857–859. doi:10.12669/pjms.36.5.3042.

40. Hasan Sapci A, Aylin Sapci H. Artificial intelligence education and tools for medical

and health informatics students: systematic review. JMIR Med Educ. 2020;6(1).

doi:10.2196/19285.

41. Foundation NS. National Artificial Intelligence (AI) Research Institutes

Accelerating Research, Transforming Society, and Growing the American

Workforce.

42. Wartman SA. The empirical challenge of 21st-century medical education. Acad Med.

2019;94(10):1412–1415. doi:10.1097/ACM.0000000000002866.

43. Kolachalama VB, Garg PS. Machine learning and medical education. npj Digit Med.

2018;1(1):2–4. doi:10.1038/s41746-018-0061-1.
44. Carin L. On artificial intelligence and deep learning within medical education. Acad

Med. Published online August 4, 2020. doi:10.1097/ACM.0000000000003630

45. Srivastava TK, Waghmare L. Implications of artificial intelligence (AI) on dynamics

of medical education and care: a perspective. J Clin Diagnostic Res. Published online

2020:2019–2020. doi:10.7860/jcdr/2020/43293.13565.
46. Gallix B, Chong J. Artificial intelligence in radiology: who’s afraid of the big bad

wolf? Eur Radiol. 2019;29(4):1637–1639. doi:10.1007/s00330-018-5995-9
47. Fan KY, Hu R, Singla R. Introductory machine learning for medical students: a

pilot. Med Educ. 2020;54(11):1042–1043. doi:10.1111/medu.14318.

48. James C, Wheelock K, Woolliscroft J. Machine learning: the next paradigm shift in

medical education. Acad Med. 2021;Publish Ah. doi:10.1097/ACM.

0000000000003943.

49. Briganti G, Le Moine O. Artificial intelligence in medicine: today and tomorrow.

Front Med. 2020;7(February):1–6. doi:10.3389/fmed.2020.00027.

50. Paranjape K, Schinkel M, Panday RN, Car J, Nanayakkara P. Introducing artificial

intelligence training in medical education. J Med Internet Res. 2019;21(12). doi:10.

2196/16048.

51. Wartman SA, Donald Combs C. Medical education must move from the informa-

tion age to the age of artificial intelligence. Acad Med. 2018;93(8):1107–1109.
doi:10.1097/ACM.0000000000002044.

52. American Medical Association. Medical education, professional development and

credentialing. Published online 2020.

53. Scantlebury A, Sheard L, Watt I, Cairns P, Wright J, Adamson J. Exploring the

implementation of an electronic record into a maternity unit: a qualitative study

using normalisation process theory. BMC Med Inform Decis Mak. 2017;17(1):4.

doi:10.1186/s12911-016-0406-0.

54. Lang J, Repp H. Artificial intelligence in medical education and the meaning of

interaction with natural intelligence – an interdisciplinary approach. GMS J Med

Educ. 2020;37:Doc59. doi:10.3205/zma001352.

55. Masters K. Artificial intelligence developments in medical education: a conceptual

and practical framework. MedEdPublish. 2020;9(1):1–20. doi:10.15694/mep.2020.

000239.1.

56. O’Doherty D, Dromey M, Lougheed J, Hannigan A, Last J, McGrath D. Barriers

and solutions to online learning in medical education – an integrative review. BMC

Med Educ. 2018;18(130).

57. Banerjee R, George P, Priebe C, Alper E. Medical student awareness of and interest

in clinical informatics. J Am Med Inform Assoc. 2015;22(e1):e42–e47. doi:10.1093/
jamia/ocu046.

58. Wang JK, Roy SK, Barry M, Chang RT, Bhatt AS. Institutionalizing healthcare

hackathons to promote diversity in collaboration in medicine. BMC Med Educ.

2018;18(1):269. doi:10.1186/s12909-018-1385-x

59. Bilimoria K, Harish V, McCoy L, et al. Training for the future: preparing medical

students for the impact of artificial intelligence. Published online 2019.

60. Alrassi J, Katsufrakis PJ, Chandran L. Technology can augment, but not replace,

critical human skills needed for patient care. Acad Med. 2021;96(1):37–43. doi:10.
1097/ACM.0000000000003733.

8 Journal of Medical Education and Curricular Development

https://doi.org/10.2196/13930.
https://doi.org/doi:10.1016/j.prro.2020.06.001
https://doi.org/10.12669/pjms.36.5.3042.
https://doi.org/10.2196/19285.
https://doi.org/10.1097/ACM.0000000000002866.
https://doi.org/10.1038/s41746-018-0061-1.
https://doi.org/10.1038/s41746-018-0061-1.
https://doi.org/10.1038/s41746-018-0061-1.
https://doi.org/10.1038/s41746-018-0061-1.
https://doi.org/doi:10.1097/ACM.0000000000003630
https://doi.org/10.7860/jcdr/2020/43293.13565.
https://doi.org/doi:10.1007/s00330-018-5995-9
https://doi.org/10.1111/medu.14318.
https://doi.org/10.1097/ACM.0000000000003943.
https://doi.org/10.1097/ACM.0000000000003943.
https://doi.org/10.3389/fmed.2020.00027.
https://doi.org/10.2196/16048.
https://doi.org/10.2196/16048.
https://doi.org/10.1097/ACM.0000000000002044.
https://doi.org/10.1186/s12911-016-0406-0.
https://doi.org/10.1186/s12911-016-0406-0.
https://doi.org/10.1186/s12911-016-0406-0.
https://doi.org/10.1186/s12911-016-0406-0.
https://doi.org/10.3205/zma001352.
https://doi.org/10.15694/mep.2020.000239.1.
https://doi.org/10.15694/mep.2020.000239.1.
https://doi.org/10.1093/jamia/ocu046.
https://doi.org/10.1093/jamia/ocu046.
https://doi.org/doi:10.1186/s12909-018-1385-x
https://doi.org/10.1097/ACM.0000000000003733.
https://doi.org/10.1097/ACM.0000000000003733.

	 Introduction
	 Trends in Healthcare
	 Rise of AI
	 The Need to Adapt
	 Transforming Education
	 Goals

	 Method
	 Design and Search
	 Exclusion and Inclusion Criteria
	 Data Selection
	 Relevance Grading

	 Results
	 Data Evaluation

	 Discussion
	 Lack of Implementation
	 What is the Best way Forward?
	 Call for Research of AI in Medical Education
	 Barriers to Change
	 Moving Forward

	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


