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Abstract
Background: Medical schools worldwide are accelerating the introduction of digital health courses into their curricula. The
COVID-19 pandemic has contributed to this swift and widespread transition to digital health and education. However, the need
for digital health competencies goes beyond the COVID-19 pandemic because they are becoming essential for the delivery of
effective, efficient, and safe care.
Objective: This review aims to collate and analyze studies evaluating digital health education for medical students to inform
the development of future courses and identify areas where curricula may need to be strengthened.
Methods: We carried out a scoping review by following the guidance of the Joanna Briggs Institute, and the results were reported
in accordance with the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews) guidelines. We searched 6 major bibliographic databases and gray literature sources for articles published
between January 2000 and November 2019. Two authors independently screened the retrieved citations and extracted the data
from the included studies. Discrepancies were resolved by consensus discussions between the authors. The findings were analyzed
using thematic analysis and presented narratively.
Results: A total of 34 studies focusing on different digital courses were included in this review. Most of the studies (22/34,
65%) were published between 2010 and 2019 and originated in the United States (20/34, 59%). The reported digital health courses
were mostly elective (20/34, 59%), were integrated into the existing curriculum (24/34, 71%), and focused mainly on medical
informatics (17/34, 50%). Most of the courses targeted medical students from the first to third year (17/34, 50%), and the duration
of the courses ranged from 1 hour to 3 academic years. Most of the studies (22/34, 65%) reported the use of blended education.
A few of the studies (6/34, 18%) delivered courses entirely digitally by using online modules, offline learning, massive open
online courses, and virtual patient simulations. The reported courses used various assessment approaches such as paper-based
assessments, in-person observations, and online assessments. Most of the studies (30/34, 88%) evaluated courses mostly by using
an uncontrolled before-and-after design and generally reported improvements in students’ learning outcomes.
Conclusions: Digital health courses reported in literature are mostly elective, focus on a single area of digital health, and lack
robust evaluation. They have diverse delivery, development, and assessment approaches. There is an urgent need for high-quality
studies that evaluate digital health education.
(JMIR Med Educ 2021;7(3):e28275) doi: 10.2196/28275
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Introduction
Digital health (defined as the use of digital technologies for
health and health care) is, because of COVID-19, at the center
of the pandemic response and support of patients [1,2]. It is a
vast and growing field that encompasses the use of digital
technology for monitoring, tracking, and informing health;
supporting communication among various stakeholders; and
managing health data [3,4]. The adoption of digital technologies
in health care has increased in recent decades [5,6]. The use of
digital technology in health care can reduce errors and costs,
increase productivity and efficiency, support clinicians in health
care delivery, and allow shared decision-making and
self-advocacy for patients [7-9].
There is a pressing need for future clinicians to develop digital
health competencies [10,11], and medical schools worldwide
have started to introduce digital health education in their
curricula [10]. There have been strong pushes for health care
systems and services to be digitally enhanced and transformed
both in the United States and internationally [12,13]. Patients
expect health care providers to offer digital tools as part of health
care service delivery [14]. In addition, digital health is a rapidly
evolving field in which the new technologies are being
developed and emerging, such as artificial intelligence, robotics,
wearable devices, and virtual or augmented reality [15,16].
Doctors are expected to keep up with these changes.
Correspondingly, a growing number of frameworks outlining
digital health competencies for clinicians at various stages of
their careers have been developed [4,17-20]. However, health
care providers and students have reported a lack of digital health
competencies and the need for more digital health–related
training [21,22].
Currently, digital health courses are not formally provided or
incorporated in most medical school curricula [21]. An analysis
of existing studies on digital health courses for medical students
should be of use to curriculum planners, educators, and policy
makers in the design, development, and adoption of such courses
[23]. Therefore, an analysis of existing digital health courses is
urgently needed. Such an analysis should explore the content,
duration, pedagogy, learning objectives, course integration,
assessment methods, format, delivery, and evaluation of reported
digital health courses with the aim of informing the development
of future courses. Several reviews have been published focusing
on training in specific areas within digital health, such as
telemedicine [24-26], electronic health record (EHR) training
[27], computer literacy, and medical informatics [28,29].
However, digital health education should be comprehensive
and systematic [30,31]. To address this gap, we collated and
analyzed studies reporting on digital health courses for medical
students. Our aim is to inform the development of future courses
and identify evidence gaps related to (1) currently available
digital health courses for medical students; (2) course design,
development, and delivery processes; (3) learning objectives
and how they are assessed; (4) use of digital health competency
framework and learning theories used during course
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development; and (5) learning outcomes associated with digital
health courses. On the basis of the findings of this review, we
aim to provide up-to-date evidence-based recommendations
related to digital health courses for future researchers,
curriculum designers, and educational policy makers.

Methods
Overview
We conducted a scoping literature review following the
methodological guidance of the Joanna Briggs Institute [32].
The results were reported in accordance with the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews) guidelines [33].
A search strategy aligned with our aim was developed based
on the Joanna Briggs Institute guidelines. The search was
performed on November 8, 2019. We searched 6 bibliographic
databases indexing biomedical and education journals:
MEDLINE, Embase, CINAHL, Education Resources
Information Center database (ERIC), PsycINFO, and the
Cochrane Library. The search strategy was developed
collaboratively and iteratively by the reviewers with support
from a medical librarian (Multimedia Appendix 1). For
unpublished studies in this area, we searched OpenGrey,
ResearchGate, Google Scholar, the first 10 pages of Google
results, websites of relevant professional associations (eg, the
International Medical Informatics Association and European
Federation of Medical Informatics), accreditation councils (eg,
the US Accreditation Council for Graduate Medical Education),
key government websites, and other organizations with the
mandate of training and lifelong learning of health care
professionals. We also screened the reference lists of the
included studies based on the eligibility criteria.

Eligibility Criteria
We included all articles published between January 1, 2000,
and November 6, 2019, because digital health is a rapidly
evolving area and has changed substantially over the last 20
years. We included articles published in English and assessed
their eligibility. The inclusion criteria were developed in
alignment with the aims of our review (Multimedia Appendix
2). We defined digital health as any form of information
technology (IT) used in health care practices or health
professions education. For a list of technologies classified as
digital, please refer to Multimedia Appendix 2. We included
all types of primary studies on digital health, clinical, or health
informatics training at all medical schools, regardless of setting.
We included experimental (eg, randomized controlled trials
[RCTs] and before-and-after studies), observational (eg, cohort
studies), and descriptive (eg, case studies and qualitative studies)
studies. We included both controlled experimental studies (ie,
studies in which digital health education was compared with
another intervention or no intervention at all) and uncontrolled
ones (ie, studies that examined only 1 group of participants
receiving digital health training). We also included quasi-RCTs,
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that is, RCTs in which participants were allocated to different
arms of the study without a proper randomization method.

Screening and Data Extraction
We screened the articles by applying our predefined inclusion
and exclusion criteria first to the title and abstract and then to
the full texts of the relevant articles. For the title and abstract
screening, we screened the articles independently in pairs by
using Covidence (Veritas Health Innovation Ltd) [34]. Any
discrepancies or disagreements between the reviewers were
resolved through discussion and consensus, and when required,
a third reviewer was engaged as an arbiter. For full-text
screening, the same screening process was followed by using
EndNote X8 (Clarivate) [35]. The data extraction form was
aligned with the research questions or objectives (Multimedia
Appendix 3). Two review authors extracted the data
independently and discussed them until they reached a consensus
on the final extracted data.

Data Synthesis
We analyzed the identified digital courses in terms of year or
type of study, digital health topic, format of the course,
development, delivery, and assessment approaches. We then
narratively synthesized the contents of the identified digital
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health courses in each area, including learning objectives and
the associated challenges related to the development and
implementation of digital health courses for medical students.
We classified the digital health courses into different domains
according to the terminology and aims presented in the included
studies. For example, studies focusing on EHR or medical
informatics training were classified under the EHR or medical
informatics domains, respectively. As medical informatics
encompassed diverse digital health topics in the included studies,
we identified and presented the specific medical informatics
that the courses focused on.

Results
Study Characteristics
The search strategy yielded 14,241 publications, and of these,
14,091 (98.95%) were from database searches and 150 (1.05%)
were from gray literature. In total, 34 articles met the inclusion
criteria (Figure 1). Most of the studies (22/34, 65%) were
published between 2010 and 2019 and were uncontrolled
before-and-after studies (24/34, 71%). Other study designs
reported in the included studies were case studies (5/34, 15%)
[4,36-39], controlled before-and-after studies (4/34, 12%)
[19,40-42], and a quasi-RCT (1/34, 3%) [43].

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for scoping reviews on digital health courses
for medical students.
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Digital Health Courses’ Scope, Students, and Settings
Of the 34 included studies, 17 (50%) focused on medical
informatics [4,18,37,39,40,42-53], 8 (24%) on EHR skills
[3,19,41,54-58], 3 (9%) on computer literacy [59-61], 3 (9%)
on telemedicine [36,62,63], 2 (6%) on basic programming
[38,64], and 1 (3%) on mobile health (mHealth) [65]. Most of
the studies (20/34, 59%) were conducted in the United States
[3,18,19,39,41,44-47,51-58,60,62,63,66]. The remaining studies
were conducted in Australia [37,64], France [40], Germany
[48,49], Hungary [59], Canada [38], Croatia [4], Commonwealth
of Dominica [50], Taiwan [61], the United Kingdom [42], the
Philippines [37], and Romania [43].

Course Structure and Content
Most of the digital health courses (24/34, 71%) were integrated
into existing courses [3,4,18,19,37,39-44,46-49,51-56,58,59,65],
and only a few courses were reported as stand-alone courses
(7/34, 21%) [36,38,45,57,61-63]. Similarly, most of the digital
health courses were provided as elective (18/34, 53%)
[3,18,36,37,39,42,45,48-52,55,59,60,62,63,65], and only a few
courses were provided as mandatory courses (7/34, 21%)
[40,43,44,46,53,54,56]. Of the 34 courses, 2 (6%) biomedical
informatics courses were offered as both elective and mandatory
depending on the year of the study [4,47].
The included studies evaluating medical informatics courses
(17/34, 50%) focused on different areas of medical informatics,
such as the use of a clinical decision support system, data
privacy and security, medical image processing, biosignal
analysis, basics of electronic medical records, patient
management systems, basics of IT in medicine, community
health information tracking systems, data management (eg, data
storage and retrieval), information literacy (eg, formulating
clinical questions, searching online bibliographic databases,
and searching evidence-based resources), and communication
technology [4,18,37,39,40,42-53]. The duration of the medical
informatics courses ranged from a minimum of 1 session lasting
3.5 hours [44] to regular training over 3 years [39] (Multimedia
Appendix 4 [3,4,18,19,36-65]).
Of the 34 included studies, 8 (24%) reported courses on EHR
and mainly focused on knowledge and skills related to EHR
use for first- to fourth-year medical students [3,19,41,54-58].
The courses focused on the general application of EHR in
clinical settings lasting from 1 hour [41] to throughout the
preclinical years of medical school [54]. Lee et al [41] reported
a 1-hour lecture on patient-centered EHR use for second- and
third-year students, and the course was integrated into the
clinical skills course. Milano et al [56] reported a 2-week EHR
course for first- and third-year medical students, which was
incorporated into a third-year family medicine clerkship
hands-on course, working on a simulated EHR using virtual
patient simulation. Connors et al [19] presented an EHR course
for first- to third-year medical students, in which the course
materials, including laboratory and pathology reports, were
provided as a case-based EHR course to familiarize the students
with EHR skills. Wagner et al [54] presented an EHR course
for medical students during their preclinical years of training
and focused mainly on content associated with online health
record submission tools for an EHR system. Ferenchick et al
https://mededu.jmir.org/2021/3/e28275
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[3] also presented a short stand-alone online EHR course on the
meaningful use of electronic clinical data for disease
management and outcomes. The online course consisted of 15
online tutorials on applications of EHR and lasted 71 minutes
in total. Gomes et al [57] presented a stand-alone EHR online
video course for medical students through a blackboard platform,
which mainly included a narrative video of PowerPoint
(Microsoft Corporation) presentations on different functions of
EHR and its applications. The remaining studies (2/8, 25%)
focused on EHR courses for both third- and fourth-year medical
students, and the courses covered topics on the overview of
EHR, order entry, patient information review, chart
documentation [58], and EHR-based patient communication
skills [55].
Of the 34 included studies, 3 (9%) focused on computer literacy
courses for medical students focusing on basic computer
applications and skills in clinical practice, the use of social
media tools for self-learning, and digital game-based learning
in medical education [59-61]. The duration of the courses varied
from 3 weeks [60] to 17 weeks [61]. Wan et al [61] reported a
stand-alone entry-level elective course on basic computer
concepts for medical students, in which the students are expected
to spend 2 hours per week for 17 weeks in self-learning,
cooperative learning from a book club, and game-based learning
from online Jeopardy-like games. Similarly, Gibson and
Silverberg [60] reported an elective computer literacy course
that lasts for 3 weeks, in which the students receive 7 hours of
hands-on training on computer literacy, followed by a test.
Mesko et al [59] presented a 12-week digital or computer
literacy course for medical students using social media tools
and gamification approaches.
Of the 34 included studies, 2 (6%) reported a computer
programming course for medical students [38,64]. Law et al
[38] described a 14-month stand-alone elective computer
programming course for medical students, which consists of
introductory sessions (3-4 sessions depending on skill level)
for the first 3 months and 11 sessions over a 11-month period.
Liaw and Marty [64] presented a basic programming course
consisting of software use, didactic workshops, and
conversations (Multimedia Appendix 4).
Of the 34 included studies, 3 (9%) reported a telemedicine
elective course for second- to fourth-year medical students
[36,62,63]. The courses focused on the introduction of telehealth
and telemedicine, lasting from 9 hours [63] to 1 full semester
[36]. Of these 3 studies, 2 (67%) reported a single-semester
elective course on mHealth [65] or telemedicine [36], and 1
(33%) reported a 1-month biomedical informatics course for
first- to fourth-year medical students [47]. The biomedical
informatics course was a compulsory core module course for
first- to third-year medical students and an elective module for
fourth-year medical students.

Delivery Approaches
Most of the courses (22/34, 65%) used a blended format of
delivery (ie, a combination of online module or offline learning
[eg, computer-based spreadsheet and presentation software
packages, PowerPoint presentation, CD-ROM, or DVD] and
traditional approaches such as small group discussions, lectures,
JMIR Med Educ 2021 | vol. 7 | iss. 3 | e28275 | p. 4
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and classroom interactions) [18,36,38,40-44,47,49-55,59-61,
63-65]. Learning content was delivered in full online mode in
a few courses (7/34, 21%) [3,37,45,46,57,58,62]. Of these 7
courses, 2 (29%) were delivered as massive open online courses
through a learning management system [37,45], 2 (29%) used
mixed modalities of both online and offline learning [4,39], and
1 (14%) focused on stand-alone EHR simulation in offline mode
[19], whereas virtual patient simulations were used in 2 (29%)
courses (Multimedia Appendix 5) [48,56].

Educators Involved in Digital Health Courses
Of the 34 included studies, 14 (41%) reported on the trainers
or educators involved in the development and delivery of digital
health courses [18,38,39,41,44,45,50,51,53,54,56,57,63,65].
The educators mentioned in the included studies were mostly
medical librarians and faculty members, including clinicians.
Of these 14 studies, 7 (50%) reported the involvement of other
staff in the digital health courses such as IT support teams [63],
patients [41], patient educators [51], and student assistants
[45,54,63,65], whereas 4 (29%) mentioned the required skills
or training for the staff members developing or delivering digital
health courses [38,54,63,65].

Digital Health Course Development
Of the 34 included studies, 17 (50%) reported course
development processes, including expert consultations, piloting
of the course, literature review, and review of other programs
in the course development [4,18,37,41,43-45,47,49,
51,53,56-59,63,65]. Expert consultations used in the studies
included seeking feedback from the EHR vendors, librarians,
faculty
members,
clinicians,
and
researchers
[18,37,41,44,45,47,51,53,56-58,63,65]. Of these 17 studies, 4
(24%) [18,45,51,56] used a literature review and expert
consultations for the development of courses, 2 (14%) reported
piloting of the course before being incorporated into a medical
program [51,56], 7 (50%) used expert consultations alone
[37,41,53,57,58,63,65], and 2 (14%) carried out a literature
review only to design the course [4,59]. Of the 17 studies, 3
(21%) studies piloted the course with expert consultation [47],
without expert consultation [43], or only after literature and
curriculum review [49], whereas 1 (6%) study used both
curriculum review and expert consultation methods [44].

Digital Health Courses’ Learning Objectives
Learning objectives were presented as general or specific
depending on the topics of the digital health courses. General
learning objectives were mainly related to the improvement of
medical students’ medical informatics knowledge, skills, and
attitudes. Specific learning objectives were presented as
competencies related to a particular clinical or preclinical setting
and focused on a specific aspect of the use of digital health
technology in health care. The details of the learning objectives
presented in each digital health course are presented in
Multimedia Appendix 6 [3,4,18,19,36-65].
Of the 34 included studies, 11 (32%) reported the developmental
steps for learning objectives, such as evaluation of other
available digital health courses; inputs from content experts and
faculty members; and following specified protocols, steps, or
guidelines to develop learning objectives for the presented
https://mededu.jmir.org/2021/3/e28275
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courses [18,39,44,45,47,51,53,56,58,60,65]. The remaining
studies did not follow any specific guidelines or protocols to
develop learning objectives for digital health courses.

The Use of Digital Health Course Frameworks
There was limited use of digital health competency frameworks
in course development. Of the 34 included studies, only 6 (18%)
reported that course developers used frameworks or guidelines
to develop digital health courses [4,18,19,44,52,58]. Kern and
Fister [4] reported that their medical informatics course was
based on the International Medical Informatics Association
Recommendations on Medical Informatics Education for IT
users and adjusted to students’ attitudes toward medical
informatics and the position of the courses in the first and fifth
year of the medical program. Connors et al [19] reported that
the learning objectives of the EHR courses were based on the
informatics competencies outlined in the 2001 report of the
Institute of Medicine. Of the 6 studies, 3 (50%) developed their
learning objectives for medical informatics courses based on
the competencies specified in the Association of American
Medical Colleges Medical School Objective Project [18,44,52],
and 1 (17%) study by Pereira et al [58] followed Kern and Fister
6-step course design framework to develop an EHR course for
medical students.

Assessment and Evaluation of the Digital Health
Courses
For the assessment of learning outcomes, the courses used
paper-based assessments in the form of surveys, in-person
observations (eg, objective structured examinations), and/or
online assessment methods (ie, online surveys). Of the 34 digital
health courses, 11 (32%) used paper-based assessments
[3,4,18,38,41-43,47,52,64,65], 10 (29%) used online
assessments [44-46,50,51,54,57,58,60,62], 3 (9%) used
in-person observations [18,56,63], and 6 (18%) used both paperand online assessment methods [36,53,56,59,61,63]. The
remaining courses (7/34, 21%) did not assess student outcomes;
thus,
no
assessment
methods
were
reported
[19,37,39,40,48,49,55].
Of the 34 included studies, 30 (88%) evaluated digital health
courses that mostly used uncontrolled before-and-after design.
Changes in learners’ knowledge related to telehealth, EHR, or
medical informatics were assessed in one-third (10/30, 33%)
of these studies [36,41,45,47,50,51,53,57,58,63]. Of these 10
studies, 5 (50%) reported an improvement in learners’
knowledge related to telehealth [36,63], EHR [41,57], and
biomedical informatics [47]. Of the 30 studies, 9 (30%) reported
digital health competency skills of the students before and after
taking part in the digital health course [3,41,42,55,56,59-61,64],
of which 89% (8/9) of studies reported that digital health courses
were associated with an improvement in medical students’
digital skills [3,41,42,56,59-61,64].
Of the 34 included studies, 16 (47%) assessed students’ attitudes
toward a medical informatics course [4,18,40,42,45,46,
48,49,52], EHR skills [41,54,57], mHealth [65], telemedicine
[62], programming [64], and computer literacy courses [59].
Most of the studies reported positive attitudes toward digital
health courses. Of these 16 studies, 3 (19%) reported students’
JMIR Med Educ 2021 | vol. 7 | iss. 3 | e28275 | p. 5
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satisfaction with medical informatics [43,52] and telemedicine
courses [36], whereas 1 (6%) assessed students’ engagement
with learning content and reported that 65% of the students read
more than 75% of their learning content [61]. Another study
assessed the information-seeking behaviors of students and
reported that the students showed a higher degree of use of
information resources [44].

Challenges Related to Course Development and
Implementation
Of the 34 included studies, 9 (26%) reported students’ and
educators’ challenges related to digital health courses. Most of
the reported challenges were associated with course development
and implementation [4,43,45,47,48,60,62,64,65]. The challenges
faced by students attending digital health courses included
incomplete assignment submission owing to errors in the
learning management system [45], limited participation rate
[62], and a lack of perceived usefulness of the courses as part
of preclinical training [43]. From the educators’ perspective,
the challenges included the demands for providing timely
feedback to students [45], recording and producing lectures for
optimum accessibility, mastering online learning tools [45],
inadequate cooperation between IT support persons and health
care professionals to deliver digital health courses [4], poor
computing and typing skills [64], and a lack of clinically trained
faculty for content creation and teaching [47]. Other challenges
included the inadequacy of technological infrastructure such as
software, hardware, IT systems issues [64]; implementation
issues (eg, converting paper content to digital format) [64]; and
design and development of the course (tailoring of the course
content to real-life learning and teaching facilities within a
financially constrained context) [65].

Discussion
Principal Findings
We found 34 studies that presented digital health courses for
medical students. The included studies mostly focused on
medical informatics, followed by EHR and telemedicine, and
targeted medical students throughout their years of study.
Courses were mostly delivered using online and blended
approaches and integrated into curricula as elective courses.
The duration of the digital health courses in the included studies
ranged from a minimum of 1 hour to a maximum of 3 years.
Only a few studies reported evaluation data for the courses, and
these largely reported improvements in knowledge, skills,
attitudes, satisfaction, and students’ engagement with digital
health courses. The courses reported in the included studies had
a very diverse approach to course development. Only one-third
of the included studies followed specified protocols, steps, or
guidelines to specify the learning objectives for digital health
courses. Similarly, most of the included courses did not refer
to the use of a digital health competency framework during
course development.
Most of the digital health courses were offered as elective
courses. Given the need for a digitally competent health
workforce, it is important that digital health courses become
part of the core curriculum. In addition, studies focused on one
https://mededu.jmir.org/2021/3/e28275
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area of digital health, mostly medical informatics, followed by
EHR skills and computer literacy. Medical informatics courses
within the included studies varied and ranged from the basic
concepts of medical informatics, theories, and applications to
details about health information management and systems. Many
medical informatics courses focused primarily on information
literacy and the development of evidence-based medicine skills.
It is important to acknowledge the constant progress in digital
health and the fact that studies published before 2010 could not
have included training on more novel digital health applications
such as the use of artificial intelligence or big data. In addition,
digital health is a vast and growing field. As such, it may need
to be incorporated into the medical curriculum in a stepwise,
modular manner, with smaller courses focusing on individual
and specific areas. Correspondingly, half of the studies included
in our review focused on a particular digital health area.
However, it is essential to have a comprehensive overview of
all digital health competencies that the curriculum focuses on,
and existing digital health competency frameworks may provide
a useful guide in the development of courses. However, they
were only mentioned in a small number of courses. Future digital
health courses should focus on emerging technologies such as
virtual consultation, mHealth, smart wearable devices, activity
trackers, and other smart monitoring devices.
Most of the included studies were uncontrolled before-and-after
studies; evaluated the effectiveness of digital health courses;
and reported a number of learning outcomes, including changes
in knowledge, skills, and attitudes toward the course. Although
the findings related to the reported learning outcomes from the
studies were in favor of a digital health course, there is a need
for more robust evaluations of the effects that digital health
courses have on learning outcomes, which was also highlighted
in recent studies focusing on telemedicine [26,31,67] and clinical
informatics courses [28,29]. Currently, there is only limited
evidence, and more evaluation and implementation research is
recommended.
Our review has several strengths, including the
comprehensiveness of the search, covering major bibliographic
databases; robust screening; data extraction; and data analysis.
However, because this is a novel area of research, there may be
some reports of digital health courses in gray literature that we
may have missed. In addition, we included studies published
from 2000 onward, and we may have missed studies published
before 2000. However, because of recent advances in digital
technologies within the last two decades, we decided to focus
on the most relevant studies on the topic. Finally, the description
of the design and implementation of digital health courses (eg,
specific learning objectives or assessment approaches) in some
studies was limited, precluding a more in-depth analysis and
presentation of the findings.

Recommendation for Implementation and Further
Research
To the best of our knowledge, this is the first attempt to
comprehensively review studies evaluating digital health
topics–related courses for medical students. One recently
published study looks at medical students’ training in eHealth
from 2014 onward and lacks information related to curriculum
JMIR Med Educ 2021 | vol. 7 | iss. 3 | e28275 | p. 6
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design, developments, and assessments [68]. We identified
several gaps related to digital health courses, such as the need
for standardization of course design and development, course
integration, assessment methods, studies from different settings,
and evidence on the effectiveness of various course formats.
Most of the included studies focused on medical informatics
courses. More research is needed on other areas of digital health,
such as mHealth and telemedicine. In addition, most of the
included studies were from high-income countries. There is a
need for context-specific studies in diverse settings, including
low- and middle-income countries. High heterogeneity in
reporting in the included studies highlighted the need for
standardized reporting guidelines and validated outcome
assessment tools. Finally, more high-quality studies assessing
the effectiveness of different forms of digital delivery
approaches in improving digital health–related learning
outcomes for medical students are needed because most of the
included studies are uncontrolled before-and-after studies or
case studies.

Tudor Car et al

Conclusions
Current digital health courses for medical students that have
been evaluated or reported in the literature are mostly elective
and showcase diverse delivery, development, assessment, and
evaluation methods. The limited evaluation data show
improvement in students’ knowledge, skills, and attitude toward
digital health course outcomes. The COVID-19 pandemic has
increased the importance of digital health, with a substantial
increase in the use of remote consultation models and greater
use of electronic prescribing [69]. Doctors and other health
professionals need to be adequately trained to work in this new
environment, where a greater proportion of health care is
delivered by digital methods. Hence, further high-quality studies
assessing the effectiveness of digital health courses on students’
learning outcomes are needed. There is also a need for
standardization and development of guidance specifying
different digital health areas, terminology, learning objectives,
optimal development and delivery approach, duration,
assessment method, and structure of the courses.

Acknowledgments
This work was supported by funding from the Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore.
The authors would like to thank Ms Deepali Pavagadhi, Ms Nuraini Nazeha, Mr Geronimo Jimenez Larrain, Dr Laura Martinengo,
Dr Selina Poon, and Ms Christina Tan En Hui for their kind help with screening and extracting the data of the articles. The authors
would also like to thank Ms Yasmin Lynda Munro from the Medical Library (Nanyang Technological University) for her help
in developing the search strategy. JC’s post at Imperial College London is supported by the National Institute for Health Research
Northwest London Applied Research Collaboration. The views expressed in this paper are those of the authors and not necessarily
those of the National Institute for Health Research or the Department of Health and Social Care.

Authors' Contributions
LTC conceived the idea of the review. BMK and LTC wrote the manuscript. BMK and RSNP screened the studies and extracted
the data. LTC provided methodological guidance. LTC, JC, RVDK, NC, and RSNP provided insightful feedback on the review.

Conflicts of Interest
None declared.

Multimedia Appendix 1
MEDLINE search strategy and keywords used for searching gray literature.
[DOCX File , 16 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Inclusion and exclusion criteria.
[DOCX File , 17 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Data extraction form.
[XLSX File (Microsoft Excel File), 35 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Characteristics of the included studies on digital health training for medical students.
[DOCX File , 99 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Digital health courses’ delivery approaches.
https://mededu.jmir.org/2021/3/e28275

XSL• FO
RenderX

JMIR Med Educ 2021 | vol. 7 | iss. 3 | e28275 | p. 7
(page number not for citation purposes)

JMIR MEDICAL EDUCATION

Tudor Car et al

[PNG File , 42 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Digital health course development process and learning objectives.
[DOCX File , 46 KB-Multimedia Appendix 6]

References
1.

2.
3.
4.
5.
6.
7.

8.
9.

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

Gunasekeran DV, Tham Y, Ting DS, Tan GS, Wong TY. Digital health during COVID-19: lessons from operationalising
new models of care in ophthalmology. Lancet Digit Health 2021 Feb;3(2):124-134. [doi: 10.1016/S2589-7500(20)30287-9]
[Medline: 33509383]
Cowie MR, Lam CS. Remote monitoring and digital health tools in CVD management. Nat Rev Cardiol 2021
Jul;18(7):457-458 [FREE Full text] [doi: 10.1038/s41569-021-00548-x] [Medline: 33824486]
Ferenchick GS, Solomon D, Mohmand A, Towfiq B, Kavanaugh K, Warbasse L, et al. Are students ready for meaningful
use? Med Educ Online 2013 Nov 19;18:22495 [FREE Full text] [doi: 10.3402/meo.v18i0.22495] [Medline: 24256741]
Kern J, Fister K. Medical informatics meets medical education: the Croatian experience. Eur J Biomed Inform
2011;7(2):58-63. [doi: 10.24105/ejbi.2011.07.2.8]
Buntin M, Jain S, Blumenthal D. Health information technology: laying the infrastructure for national health reform. Health
Aff (Millwood) 2010 Jun;29(6):1214-1219. [doi: 10.1377/hlthaff.2010.0503] [Medline: 20530358]
Joseph M. How President Obama shaped the future of digital health. TechCrunch. 2016. URL: https://techcrunch.com/
2016/07/27/how-president-obama-shaped-the-future-of-digital-health/ [accessed 2021-07-03]
Keasberry J, Scott IA, Sullivan C, Staib A, Ashby R. Going digital: a narrative overview of the clinical and organisational
impacts of eHealth technologies in hospital practice. Aust Health Rev 2017 Dec;41(6):646-664. [doi: 10.1071/AH16233]
[Medline: 28063462]
Eden R, Burton-Jones A, Scott I, Staib A, Sullivan C. Effects of eHealth on hospital practice: synthesis of the current
literature. Aust Health Rev 2018 Sep;42(5):568-578. [doi: 10.1071/AH17255] [Medline: 29986809]
Main C, Moxham T, Wyatt JC, Kay J, Anderson R, Stein K. Computerised decision support systems in order communication
for diagnostic, screening or monitoring test ordering: systematic reviews of the effects and cost-effectiveness of systems.
Health Technol Assess 2010 Oct;14(48):1-227 [FREE Full text] [doi: 10.3310/hta14480] [Medline: 21034668]
Mosch L, Machleid F, von Maltzahn F, Kaczmarczyk R, Nokhbatolfoghahai F, Balciunas J, et al. Digital health in the
medical curriculum: addressing the needs of the future health workforce. Athens (Greece): European Medical Students’
Association. 2019. URL: https://www.scribd.com/document/471107407/
Digital-Health-in-the-Medical-Curriculum-Addressing-the-Needs-of-the-Future-Health-Workforce-pdf [accessed 2021-07-03]
Muoio D. Stanford Medicine: Physicians, medical students are interested in digital health, data-driven care. MobiHealthNews.
2020. URL: https://www.mobihealthnews.com/news/stanford-medicine-physicians-medical-students-are-interesteddigital-health-data-driven-care [accessed 2021-07-03]
WHO guideline: recommendations on digital interventions for health system strengthening: executive summary. World
Health Organization. 2019. URL: https://apps.who.int/iris/handle/10665/311977 [accessed 2021-07-03]
Institute of Medicine (US) Committee on Assuring the Health of the Public in the 21st Century. The Future of the Public's
Health in the 21st Century. Washington (DC): National Academies Press (US); 2002.
Snyder CF, Wu AW, Miller RS, Jensen RE, Bantug ET, Wolff AC. The role of informatics in promoting patient-centered
care. Cancer J 2011;17(4):211-218 [FREE Full text] [doi: 10.1097/PPO.0b013e318225ff89] [Medline: 21799327]
Meskó B, Drobni Z, Bényei É, Gergely B, Győrffy Z. Digital health is a cultural transformation of traditional healthcare.
Mhealth 2017;3:38 [FREE Full text] [doi: 10.21037/mhealth.2017.08.07] [Medline: 29184890]
Ahuja AS. The impact of artificial intelligence in medicine on the future role of the physician. PeerJ 2019;7:e7702 [FREE
Full text] [doi: 10.7717/peerj.7702] [Medline: 31592346]
HITComp. Health Information Technology Competencies (HITComp). EU*US eHealth Work Project. 2015. URL: http:/
/hitcomp.org/ [accessed 2021-07-03]
Blumenthal JL, Mays BE, Weinfeld JM, Banks MA, Shaffer J. Defining and assessing medical informatics competencies.
Med Ref Serv Q 2005;24(2):95-102. [doi: 10.1300/J115v24n02_08] [Medline: 15829462]
Connors H, Warren J, Weaver C. HIT plants SEEDS in healthcare education. Nurs Adm Q 2007;31(2):129-133. [doi:
10.1097/01.NAQ.0000264861.49217.f0] [Medline: 17413506]
eHealth competencies for undergraduate medical education. Canada Health Infoway and Association of Faculties of Medicine
of Canada. 2014. URL: http://www.ehealthresources.ca/sites/default/files/pdf/eHealth%20Competencies%20for%20UME.
pdf [accessed 2021-07-03]
Machleid F, Kaczmarczyk R, Johann D, Balčiūnas J, Atienza-Carbonell B, von Maltzahn F, et al. Perceptions of digital
health education among European medical students: mixed methods survey. J Med Internet Res 2020 Aug 14;22(8):e19827
[FREE Full text] [doi: 10.2196/19827] [Medline: 32667899]

https://mededu.jmir.org/2021/3/e28275

XSL• FO
RenderX

JMIR Med Educ 2021 | vol. 7 | iss. 3 | e28275 | p. 8
(page number not for citation purposes)

JMIR MEDICAL EDUCATION
22.
23.

24.
25.
26.

27.

28.
29.
30.

31.

32.
33.

34.
35.
36.

37.
38.
39.
40.

41.

42.

43.
44.
45.
46.

The rise of the data-driven physician. Stanford Medicine 2020 Health Trends Report. 2020. URL: https://med.stanford.edu/
dean/healthtrends.html [accessed 2021-07-03]
Aungst TD, Patel R. Integrating digital health into the curriculum-considerations on the current landscape and future
developments. J Med Educ Curric Dev 2020;7:2382120519901275 [FREE Full text] [doi: 10.1177/2382120519901275]
[Medline: 32010795]
Waseh S, Dicker AP. Telemedicine training in undergraduate medical education: mixed-methods review. JMIR Med Educ
2019 Apr 08;5(1):e12515 [FREE Full text] [doi: 10.2196/12515] [Medline: 30958269]
Edirippulige S, Armfield NR. Education and training to support the use of clinical telehealth: a review of the literature. J
Telemed Telecare 2017 Feb;23(2):273-282. [doi: 10.1177/1357633X16632968] [Medline: 26892005]
Chike-Harris KE, Durham C, Logan A, Smith G, DuBose-Morris R. Integration of telehealth education into the health care
provider curriculum: a review. Telemed J E Health 2021 Feb;27(2):137-149. [doi: 10.1089/tmj.2019.0261] [Medline:
32250196]
Rajaram A, Hickey Z, Patel N, Newbigging J, Wolfrom B. Training medical students and residents in the use of electronic
health records: a systematic review of the literature. J Am Med Inform Assoc 2020 Jan 01;27(1):175-180 [FREE Full text]
[doi: 10.1093/jamia/ocz178] [Medline: 31592531]
Gray K, Dattakumar A, Maeder A, Chenery H. Educating future clinicians about clinical informatics: a review of
implementation and evaluation cases. Eur J Biomed Inform 2011;7(2):48-57. [doi: 10.24105/ejbi.2011.07.2.7]
Espino JU, Levine MG. An overview of the medical informatics curriculum in medical schools. Proc AMIA Symp
1998:467-471 [FREE Full text] [Medline: 9929263]
Edirippulige S, Brooks P, Carati C, Wade VA, Smith AC, Wickramasinghe S, et al. It's important, but not important enough:
eHealth as a curriculum priority in medical education in Australia. J Telemed Telecare 2018 Dec;24(10):697-702. [doi:
10.1177/1357633X18793282] [Medline: 30343657]
Yaghobian S, Ohannessian R, Iampetro T, Riom I, Salles N, de Bustos EM, et al. Knowledge, attitudes and practices of
telemedicine education and training of French medical students and residents. J Telemed Telecare 2020 Jun
09:1357633X20926829. [doi: 10.1177/1357633X20926829] [Medline: 32517545]
Peters M, Godfrey C, McInerney P, Munn Z, Tricco A, Khalil H. Chapter 11: Scoping reviews (2020 version). In: Aromataris
E, Munn Z, editors. JBI Manual for Evidence Synthesis. Australia: JBI - The University of Adelaide; 2020.
Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for Scoping Reviews
(PRISMA-ScR): checklist and explanation. Ann Intern Med 2018 Oct 02;169(7):467-473 [FREE Full text] [doi:
10.7326/M18-0850] [Medline: 30178033]
Covidence, Melbourne, Australia. 2020. URL: https://www.covidence.org/ [accessed 2021-07-03]
Endnote X8. Thomson Reuters. 2016. URL: https://endnote.com/ [accessed 2021-06-15]
Brockes C, Grischott T, Dutkiewicz M, Schmidt-Weitmann S. Evaluation of the education "Clinical Telemedicine/e-Health"
in the curriculum of medical students at the University of Zurich. Telemed J E Health 2017 Nov;23(11):899-904. [doi:
10.1089/tmj.2017.0011] [Medline: 28498779]
Fernandez-Marcelo PG, Ho BL, Faustorilla JF, Evangelista AL, Pedrena M, Marcelo A. Emerging eHealth directions in
the Philippines. Yearb Med Inform 2012;7:144-152. [Medline: 22890357]
Law M, Veinot P, Campbell J, Craig M, Mylopoulos M. Computing for medicine: can we prepare medical students for the
future? Acad Med 2019 Mar;94(3):353-357 [FREE Full text] [doi: 10.1097/ACM.0000000000002521] [Medline: 30431453]
Seago BL, Gyore R, Williams S. Assessment of the integration of AAMC Medical Informatics Objectives into the medical
school curriculum. Med Ref Serv Q 2007;26(2):1-14. [doi: 10.1300/J115v26n02_01] [Medline: 17522004]
Burgun A, Darmoni S, Duff F, Wéber J. Problem-based learning in medical informatics for undergraduate medical students:
an experiment in two medical schools. Int J Med Inform 2006 May;75(5):396-402. [doi: 10.1016/j.ijmedinf.2005.07.014]
[Medline: 16140573]
Lee WW, Alkureishi ML, Wroblewski KE, Farnan JM, Arora VM. Incorporating the human touch: piloting a curriculum
for patient-centered electronic health record use. Med Educ Online 2017;22(1):1396171 [FREE Full text] [doi:
10.1080/10872981.2017.1396171] [Medline: 29103366]
McGlade KJ, McKeveney CJ, Crawford VL, Brannigan P. Preparing tomorrow's doctors: the impact of a special study
module in medical informatics. Med Educ 2001 Jan;35(1):62-67. [doi: 10.1046/j.1365-2923.2001.00840.x] [Medline:
11123597]
Lungeanu D, Tractenberg R, Bersan O, Mihalas G. Towards the integration of medical informatics education for clinicians
into the medical curriculum. Stud Health Technol Inform 2009;150:936-940. [Medline: 19745451]
Brown JF, Nelson JL. Integration of information literacy into a revised medical school curriculum. Med Ref Serv Q
2003;22(3):63-74. [doi: 10.1300/J115v22n03_07] [Medline: 14527141]
Burnette MH, De Groote SL, Dorsch JL. Medical informatics in the curriculum: development and delivery of an online
elective. J Med Libr Assoc 2012 Jan;100(1):61-63 [FREE Full text] [doi: 10.3163/1536-5050.100.1.011] [Medline: 22272161]
Kipnis D, Frisby A. Teaching medical informatics online. AISR Staff Papers and Presentations. URL: https://jdc.jefferson.edu/
cgi/viewcontent.cgi?article=1013&context=aisrpubs [accessed 2021-07-03]

https://mededu.jmir.org/2021/3/e28275

XSL• FO
RenderX

Tudor Car et al

JMIR Med Educ 2021 | vol. 7 | iss. 3 | e28275 | p. 9
(page number not for citation purposes)

JMIR MEDICAL EDUCATION
47.
48.
49.
50.
51.
52.
53.
54.
55.

56.

57.
58.

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

Tudor Car et al

Silverman H, Cohen T, Fridsma D. The evolution of a novel biomedical informatics curriculum for medical students. Acad
Med 2012 Jan;87(1):84-90. [doi: 10.1097/ACM.0b013e31823a599e] [Medline: 22104049]
Behrends M, Pulmann V, Matthies H. Teaching medical informatics to medical students - what are the challenges in a
model curriculum? Eur J Biomed Inform 2011;7:25-30. [doi: 10.24105/ejbi.2011.07.2.4]
Breil B, Fritz F, Thiemann V, Dugas M. Multidisciplinary education in medical informatics - a course for medical and
informatics students. Stud Health Technol Inform 2010;160(Pt 1):581-584. [Medline: 20841753]
Connor E. Using clinical vignette assignments to teach medical informatics. Med Ref Serv Q 2003;22(4):31-44. [doi:
10.1300/J115v22n04_04] [Medline: 14711047]
Geyer EM, Irish DE. Isolated to integrated: an evolving medical informatics curriculum. Med Ref Serv Q 2008;27(4):451-461.
[doi: 10.1080/02763860802368324] [Medline: 19042724]
Gjerde CL, Pipas CF, Russell M. Teaching of medical informatics in UME-21 medical schools: best practices and useful
resources. Fam Med 2004 Jan;36 Suppl:68-73 [FREE Full text] [Medline: 14961406]
Schwartz B. The introduction of a medical informatics course into a medical school curriculum. Med Ref Serv Q
2011;30(1):74-82. [doi: 10.1080/02763869.2011.540216] [Medline: 21271454]
Wagner DP, Roskos S, Demuth R, Mavis B. Development and evaluation of a Health Record Online Submission Tool
(HOST). Med Educ Online 2010 Oct 19;15:1-8 [FREE Full text] [doi: 10.3402/meo.v15i0.5350] [Medline: 20975928]
Wald HS, George P, Reis SP, Taylor JS. Electronic health record training in undergraduate medical education: bridging
theory to practice with curricula for empowering patient- and relationship-centered care in the computerized setting. Acad
Med 2014 Mar;89(3):380-386 [FREE Full text] [doi: 10.1097/ACM.0000000000000131] [Medline: 24448045]
Milano CE, Hardman JA, Plesiu A, Rdesinski RE, Biagioli FE. Simulated electronic health record (Sim-EHR) curriculum:
teaching EHR skills and use of the EHR for disease management and prevention. Acad Med 2014 Mar;89(3):399-403
[FREE Full text] [doi: 10.1097/ACM.0000000000000149] [Medline: 24448035]
Gomes AW, Linton A, Abate L. Strengthening our collaborations: building an electronic health record educational module.
J Electron Resour Med Libr 2013 Jan;10(1):1-10. [doi: 10.1080/15424065.2012.762202]
Pereira AG, Kim M, Seywerd M, Nesbitt B, Pitt MB, Minnesota Epic101 Collaborative. Collaborating for competency-a
model for single electronic health record onboarding for medical students rotating among separate health systems. Appl
Clin Inform 2018 Jan;9(1):199-204 [FREE Full text] [doi: 10.1055/s-0038-1635096] [Medline: 29564849]
Mesko B, Győrffy Z, Kollár J. Digital literacy in the medical curriculum: a course with social media tools and gamification.
JMIR Med Educ 2015 Oct 01;1(2):e6 [FREE Full text] [doi: 10.2196/mededu.4411] [Medline: 27731856]
Gibson KE, Silverberg M. A two-year experience teaching computer literacy to first-year medical students using skill-based
cohorts. Bull Med Libr Assoc 2000 Apr;88(2):157-164 [FREE Full text] [Medline: 10783971]
Tien WH, Yang HK, Yunn SS. A multi-year study of teaching an online computer literacy course in a medical university:
a lesson learnt. Educ Res Rev 2016 Aug 10;11(15):1424-1431. [doi: 10.5897/err2016.2853]
Bulik RJ, Shokar GS. Integrating telemedicine instruction into the curriculum: expanding student perspectives of the scope
of clinical practice. J Telemed Telecare 2010;16(7):355-358. [doi: 10.1258/jtt.2010.090910] [Medline: 20643847]
Jonas CE, Durning SJ, Zebrowski C, Cimino F. An interdisciplinary, multi-institution telehealth course for third-year
medical students. Acad Med 2019 Jun;94(6):833-837. [doi: 10.1097/ACM.0000000000002701] [Medline: 30870152]
Liaw ST, Marty JJ. Learning to consult with computers. Med Educ 2001 Jul;35(7):645-651. [doi:
10.1046/j.1365-2923.2001.00968.x] [Medline: 11437966]
Fernando J, Lindley J. Lessons learned from piloting mHealth informatics practice curriculum into a medical elective. J
Am Med Inform Assoc 2018 Apr 01;25(4):380-384 [FREE Full text] [doi: 10.1093/jamia/ocx076] [Medline: 29024956]
Stephens MB, Williams PM. Teaching principles of practice management and electronic medical record clinical documentation
to third-year medical students. J Med Pract Manage 2010;25(4):222-225. [Medline: 20222257]
Yaghobian S, Ohannessian R, Mathieu-Fritz A, Moulin T. National survey of telemedicine education and training in medical
schools in France. J Telemed Telecare 2020 Jun;26(5):303-308. [doi: 10.1177/1357633X18820374] [Medline: 30602352]
Echelard J, Méthot F, Nguyen H, Pomey M. Medical student training in eHealth: scoping review. JMIR Med Educ 2020
Sep 11;6(2):e20027 [FREE Full text] [doi: 10.2196/20027] [Medline: 32915154]
Majeed A, Maile EJ, Bindman AB. The primary care response to COVID-19 in England's National Health Service. J R Soc
Med 2020 Jun;113(6):208-210 [FREE Full text] [doi: 10.1177/0141076820931452] [Medline: 32521196]

Abbreviations
EHR: electronic health record
IT: information technology
mHealth: mobile health
PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews
RCT: randomized controlled trial

https://mededu.jmir.org/2021/3/e28275

XSL• FO
RenderX

JMIR Med Educ 2021 | vol. 7 | iss. 3 | e28275 | p. 10
(page number not for citation purposes)

JMIR MEDICAL EDUCATION

Tudor Car et al

Edited by G Eysenbach; submitted 27.02.21; peer-reviewed by L Mosch, A Mathieu-Fritz; comments to author 24.03.21; revised
version received 26.04.21; accepted 17.05.21; published 21.07.21
Please cite as:
Tudor Car L, Kyaw BM, Nannan Panday RS, van der Kleij R, Chavannes N, Majeed A, Car J
Digital Health Training Programs for Medical Students: Scoping Review
JMIR Med Educ 2021;7(3):e28275
URL: https://mededu.jmir.org/2021/3/e28275
doi: 10.2196/28275
PMID: 34287206

©Lorainne Tudor Car, Bhone Myint Kyaw, Rishi S Nannan Panday, Rianne van der Kleij, Niels Chavannes, Azeem Majeed,
Josip Car. Originally published in JMIR Medical Education (https://mededu.jmir.org), 21.07.2021. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Medical Education, is properly cited. The complete bibliographic information, a link to the original publication on
https://mededu.jmir.org/, as well as this copyright and license information must be included.

https://mededu.jmir.org/2021/3/e28275

XSL• FO
RenderX

JMIR Med Educ 2021 | vol. 7 | iss. 3 | e28275 | p. 11
(page number not for citation purposes)

