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Abstract

Background: Inrecent years, the use of digital technology in the education of health care professional s has surged, partly driven
by the COVID-19 pandemic. However, thereis still a need for focused research to establish evidence of its effectiveness.

Objective: Thisstudy aimed to define the gapsin the evidence for the efficacy of digital education and to identify priority areas
where future research has the potential to contribute to our understanding and use of digital education.

Methods: We used a 2-stage approach to identify research priorities. First, an umbrellareview of the recent literature (published
between 2020 and 2023) was performed to identify and build on existing work. Second, expert consensus on the priority research
guestions was obtained using a modified Delphi method.

Results: A total of 8857 potentially relevant paperswereidentified. Using the PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses) methodology, we included 217 papers for full review. All papers were either systematic reviews
or meta-analyses. A total of 151 research recommendations were extracted from the 217 papers. These were analyzed, recategorized,
and consolidated to create afinal list of 63 questions. From these, amodified Del phi process with 42 experts was used to produce
the top-five rated research priorities: (1) How do we measure the learning transfer from digital education into the clinical setting?
(2) How can we optimize the use of artificial intelligence, machinelearning, and deep learning to facilitate education and training?
(3) What are the methodol ogical requirementsfor high-quality rigorous studies assessing the outcomes of digital health education?
(4) How doesthedesign of digital education interventions (eg, format and modality) in health professionals’ education and training
curriculum affect learning outcomes? and (5) How should learning outcomesin the field of health professions’ digital education
be defined and standardized?

Conclusions: Thisreview provides aprioritized list of research gapsin digital education in health care, which will be of useto
researchers, educators, education providers, and funding agencies. Additional proposals are discussed regarding the next steps
needed to advance this agenda, aiming to promote meaningful and practical research on the use of digital technologies and drive
excellencein health care education.

(J Med Internet Res 2025;27:€66157) doi: 10.2196/66157

https://www.jmir.org/2025/1/e66157 JMed Internet Res 2025 | vol. 27 | e66157 | p. 1
(page number not for citation purposes)


mailto:alison.potter13@nhs.net
http://dx.doi.org/10.2196/66157
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

KEYWORDS

Potter et al

digital education; health professions education; research priorities; umbrellareview; Delphi; artificial intelligence; Al

Introduction

In just over two decades, the use of digital technology for
delivering education and learning has increased globally [1].
Thegrowth of digital education in health carehasseen asimilar
trajectory internationally [2].

The adoption of digital technologies in health care education
forms part of aglobal strategy to invest in the health workforce
[3] and support the United Nations 2023 Agendafor Sustainable
Development [4]. This agenda is echoed within the United
Kingdom's National Headth Service (NHS) Long Term
Workforce Plan [5]. In its plan to address projected workforce
shortages, the NHS has undertaken to expand health care
education and training over the next 15 years. Informed by the
Topol Review [6], the Long Term Workforce Plan acknowledges
the need to embrace awide range of learning methodsto achieve
the scale of education delivery that will be required [5]. These
methods include the use of web-based learning, blended
learning, hybrid learning, and simulation and immersive
technologies. In addition, it is clear that easily accessible and
usable artificial intelligence (Al) will have an increasing role
in education [5].

The COVID-19 pandemic saw a surge in the use of digital
technologies for health care education. Consequently, severa
bibliometric analyses illustrate how research activity across a
variety of digital technologies significantly increased
internationally [2,7-13]. Since 2020, research activity has shifted
from rapid development during the early stages of the
COVID-19 pandemic to a focus on quality improvement and
opportunities for sustained use in the postpandemic period [8].
Zhang et al [8] state that the data project a trend of continued
growth in digital education in health care globally, including
increased application of advanced technologies. In the United
Kingdom, the Council of Deans of Health highlighted in their
report “ Post-Pandemic Progress: Lessons Learnt in Healthcare
Education” [14] that attitudes of educators and students toward
the use of digital modalities have shifted. Universities UK [15]
echoes this sentiment, recommending increased investment and
further expansion of digital technologies in health professions
education.

To successfully leverage the full potential of existing
technologies for education delivery and understand the
opportunities presented by advanced technologies, there is a
requirement to ensure that learning needs are being effectively
met [16] and that thereis proven return on the investment needed
to deploy these technologies. The Immersive Healthcare
Collaboration [17] emphasized the importance of rigorous
evaluation when adopting new technologies and highlighted
the need for continued investment in digital education research.
However, currently it is not clear where these research efforts
and resources should be focused.

Recent studies on research priorities in health care digital
education have mostly focused on surgery [18-25]. However,
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a recent literature review by Tudor Car et a [26] explored
evidence across all health care disciplines and across multiple
digital education modalities. The authors sought to broaden the
scope of their inquiry beyond evidence of effectiveness and to
identify where gaps in the evidence lay around other factors
such as context, infrastructure, education, and learners [26]. In
doing so, they constructed an evidence map, a contextual
framework, and a potential research agenda. They offered alist
of research questions that, at that time, were still to be fully
addressed by the scientific literature [26]. While this work is
both comprehensive and informative, it was conducted before
or early inthe COVID-19 pandemic era; al the reviewed papers
were published between January 2014 and July 2020. With the
massive increase in the use of digital education in response to
the COVID-19 pandemic, the authors of this study felt that this
work warranted revisiting and updating to uncover additional
evidence gaps and new areas of inquiry that may have emerged
since 2020.

Therefore, this study aimed to build on work by Tudor Car et
al [26] and identify, within the conceptual framework, any new
research priorities in health care digital education that have
emerged since 2020. | dentifying these research prioritieswould
help shape future global researchin digital education and guide
the determination of priorities for activity and resource
allocation within NHS England.

Methods

Overview

To identify research priorities in health care digital education,
a 2-stage approach was used. First, an umbrella review was
conducted to build on previous work, and second, expertswere
invited to reach consensus on the relevant research questions
using a modified Delphi method. This 2-stage approach was
used to ensure a balance between the published literature and
test its applicability through expert opinion. Details of each
stage are described in the following sections.

Umbrella Review

As afirst step to identifying any additional research questions
since the study by Tudor Car et al [26], an umbrellareview (a
review of systematic reviews) of the literature was conducted
based on the method used by Tudor Car et a [26]. The
systematic review and research syntheses checklist has been
used to self-appraise the process on completion (Multimedia
Appendix 1) [27].

Inclusion and Exclusion Criteria

Studies eligible for inclusion were peer-reviewed systematic
reviews or meta-analyseswith aclear focuson digital education
for health professions education, which were published between
2020 and 2023 and written in English. The list of digital
education technol ogies as described by Tudor Car et al [26] was
used to guide eligibility screening. For convenience, definitions
have been shared in Multimedia Appendix 2 (Textbox 1).
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Textbox 1. Eligibility criteria.
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Included (studiesinvolving one or more of the following digital education technologies)

« Onlinedigital education

«  Massive open web-based course
«  Mobile education

«  Serious gaming and gamification
o Virtua redity

o Virtua patients

«  High-fidelity manikins

»  Blended education

o Augmented redlity

«  Extended redity

Excluded

« 3D printing (after considerable discussion, it was decided that 3D printing should not be considered a digital educational intervention because

this intervention leads to an analogue product and is used as such)
e Primary research
«  Conference abstracts

«  Non-English language papers

To further assess dligibility for inclusion, all the following
guestions had to be answered in the affirmative:

1. Are the participants in the intervention preservice (ie,
students) or in-service professionals (ie, after degree
completion, including postgraduate trainees and those in
independent practice)?

2. Are the participants from disciplines such as medicine,
dentistry, nursing and midwifery, medical diagnostic and
treatment technol ogy, physiotherapy and rehabilitation, and
pharmacy? (practitioners of traditional, alternative, and
complementary medicine were excluded)

3. Isthe educational intervention using digital technology?

I nformation Sources

A knowledge specialist (EW) searched the following major
bibliographic databasesfor review papers meeting theinclusion
criteria and published between July 2020 and April 2023:
MEDLINE (Ovid), Embase (Ovid), CINAHL (EBSCO), and
the Cochrane Library. In addition, the knowledge specialist
(EW) searched ERIC, Google Scholar, and Research Gateusing
thefollowing search terms: systematic review, digital education,
elLearning, health professionals, and health professions
education. All searches were conducted on April 21, 2023.

Search Strategy

The MEDLINE (Ovid) search strategy wasidentical to that used
by Tudor Car et a [26] (Multimedia Appendix 3). Minor
modifications were needed to convert the strategy for CINAHL
(EBSCO) and the Cochrane Library.

Study Selection

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) methodol ogy was used to identify
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studies for inclusion. The search results were captured in
RefWorks [28], and duplicates were removed. Pairs of
independent reviewers screened the title and abstract of each
paper against the eligibility criteriaand predefined question set
for inclusion. Thefull-text papers meeting theinclusion criteria
were then retrieved and reviewed by pairs of independent
reviewers. At both stages of screening, any discrepancy between
reviewer pairs was resolved by athird independent reviewer.

Data Extraction

A data capture tool was developed in Jisc Online Surveys[29]
and piloted by 8 reviewers (AP, CM, EH, SK, ION, EN and 2
volunteersfrom the NHS England technol ogy enhanced learning
team) using a sample paper, with refinements made to the tool
before data extraction from all papersincluded in the review.

Data extracted were study characteristics and future research
recommendations as set out by the authors. Future research
recommendations were mapped to the conceptual domain
framework devised by Tudor Car et al [26] and any previously
identified research questions, where possible. If there was
insufficient alignment with existing research questions, a new
one was created. All papers with future research
recommendations were reviewed a second time, with any
discrepancies resolved by athird independent reviewer.
Analysis

AP and EW consolidated the extracted research questions by
mapping them to existing questions, removing duplicates, and
rephrasing those with similar meanings. New questions were
then grouped and categorized by CM into overarching research

guestions. CM and AP discussed and reached a consensus on
the final set of questions.
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Delphi Consensus

Overview

A 4-round modified Delphi was conducted through January to
March 2024 to arrive at 5 final research questions. The method
consisted of a desktop exercise to formulate the Delphi survey
from the results of the umbrella review (round 1), assessment
(round 2), prioritization (round 3), and ranking (round 4). Each
survey was created by AP and tested by members of theresearch
team.

Round 1: Umbrella Review and Preparation of the
Survey

The results of the umbrella review provided the material to
compile a web-based survey of research questions for
consideration by experts in later rounds. Research questions,
previously identified in the umbrella review, meeting the
inclusion criteria formed the basis of a web-based survey in
round 2.

Inclusion criteria were as follows:

«  The median number of papersidentified and mapped to an
existing research question in the study by Tudor Car et al
[26] was 7.5, and this was used as an inclusion threshold.

- Following consolidation, all newly identified questions
were included in the survey.

Round 2: Assessment Against Criteria

A total of 42 participants were recruited, including digital
education professionals and simulation faculty, clinical

Textbox 2. Participant recruitment criteria per expert group.

Potter et al

educators, hedth and care workforce development and
transformation leads, academics, and health care students, using
the set criteria (Textbox 2). Recruitment was advertised viathe
Association for Learning Technologies' weekly news digest
and a nationwide digital education mailing list for health
professionals maintained by NHS England (Multimedia
Appendix 4).

A web-based survey, created in JSC Online Surveys and
comprising all research questionsfrom round 1, wasdistributed
to the expert panel.

Using an adapted set of criteria from the Delphi process used
by Schneider et a [30], participants were invited to
anonymously score each research question against 5 criteria
(Table 1).

Research questions that met the consensus threshold formed
the basis for round 3.

The consensus thresholds for Round 2 were as follows:

« Inclusion: >75% of respondents provide a positive result
(3) on a3-point Likert scalefor all criteria.

« Exclusion: >75% of respondents provide a negative result
(2) on a3-point Likert scalefor all criteria.

«  Nonconsensus: when the proposed priority research question
has met neither the inclusion nor the exclusion consensus
thresholds.

Questions that met the inclusion criteria and those with
nonconsensus were carried forward into round 3.

Stakeholder group and inclusion criteria for expertise

«  Technology enhanced learning (TEL) professional and simulation faculty: substantial experience working in TEL or simulation in the National

Health Service or academia

«  Educator: anyonein clinical practice who trains health care professionals (such as consultant or nurse educator)
o Workforce development and transformation lead: experience or knowledge of TEL in health and care education within their geography or domain
«  Academic: working in academia, with at least 1 first or senior author paper in the field of TEL

«  Learner: health care student, either final-year undergraduate or postgraduate student or trainee

Table 1. Scoring options for each research question in round 2.

Criteria Scoring options

Scientific merit 1=unable to respond

Significance for workforce development 1=unable to respond
Innovation 1=unable to respond

Relevance to the LTWP? 1=unable to respond

Feasibility for further study 1=unable to respond

2=disagree 3=agree
2=disagree 3=agree
2=disagree 3=agree
2=disagree 3=agree
2=disagree 3=agree

3 TWP: Long Term Workforce Plan.

Round 3: Prioritization

Participants’ voting in this round was informed by knowledge
of the consensus outcomes for each research question from
round 2. A web-based survey was shared with participants,
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consisting of 2 sections: one with research questions that met
the inclusion criteria for round 2 (including the percentage
consensus agreement for each question) and another with
guestions from round 2 that did not reach consensus.
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Participants were invited to score each research question again,
but this time based on priority, with 1 score assigned to each
guestion. The scoring options were as follows: 1=not to be
studied, 2=low priority, 3=medium priority, and 4=high priority.

The consensus thresholds for Round 3 were as follows:

« Inclusion: >280% of respondents scored the research question
asa3or4

- Exclusion: 100% of respondents scored the research
guestion as a 1 (not to be studied)

«  Nonconsensus: when the proposed priority research question
met neither the inclusion nor the exclusion consensus
thresholds

Those meeting the inclusion criteria were taken forward for
ranking in round 4.

Round 4: Ranking

A web-based meeting was conducted with participants,
facilitated by CM and AP, Participants were sent results of the
previous round in advance (Multimedia Appendix 5). The
meeting offered the opportunity to discuss results from round
3insmall groups. Finally, participants were asked to select and
rank their top 5 research questions independently via a
web-based survey constructed in Slido [31], a web-based
audience interaction tool that offers in-meeting and
between-meeting polling and surveying. Participants unable to
attend the meeting were invited to complete this exercise within
1 week of the meeting date. After this time, for each ranked
guestion, points were assigned in a descending order, where
higher ranks received more points, for example, a question
ranked first place received 5 points, and each subsequent rank
received 1 point less, down to 1 point for a question ranked
fifth. The 5 research questions with the highest mean formed
the final set of research priorities.

https://www.jmir.org/2025/1/e66157
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Finally, anarrative synthesis approach was chosen to summarize
the diverse range of selected studies in a structured manner.

Ethical Consider ations

The NHS Research Ethics screening tool was completed, and
approval was not required for this study. However, key ethical
reguirements were considered when designing and conducting
the Delphi. The NHS England Data Protection Impact
Assessment was completed. Del phi participant recruitment was
voluntary, with opt out being possible. Compensation was not
provided. A participant information sheet outlining the purpose
of the study, key contacts, their potential involvement with
anticipated time commitment, and how data would be handled
and stored and by whom was shared. Personal datawere stored
in a spreadsheet hosted on an organizational SharePoint and
were only accessible to relevant members of the research team.
Participantswere not asked for any personal detailsin the Delphi
surveys; instead, they were assigned a code number. This code
number allowed the research team to keep track of response
rates and to administrate any follow up.

Results

Umbrella Review

Study Selection

A total of 8857 potentially relevant paperswereidentified across
al information sources. Following removal of duplicates, of
the 8857 papers, 6044 (68.24%) were screened by title and
abstract. Of these 6044 papers, 441 (7.3%) were assessed for
eligibility via full-text review, leading to 217 (3.6%) papers
being included in this review (Figure 1). Refer to Multimedia
Appendix 6 for acomplete list of key study characteristics for
all included studies.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram charting identification of studies.

Identification of studies via databases and registers

Systematic reviews on digital
health education across
databases (n=8857):
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CINAHL(n=1013)
Cochrane Library (n=47)
Other sources (n=50)
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Duplicate records removed: n=2813
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Conference proceedings (n=39)
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Screening

Reports excluded:
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eligibility: n=441
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Studies included in review:
n=217
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Study Characteristics

All included papers were systematic reviews or meta-analyses.
Of the included studies across al the systematic reviews,
high-income settings were predominant, with 23% (50/217)
exclusively consisting of high-income countries and 33.6%
(73/217) including amix of high- and middle-income countries.
Intotal, 14.3% (31/217) covered high-, middle-, and low-income
countries, with only 0.9% (2/217) identifying middle- and
low-income countries. The remaining 28.1% (61/217) of
systematic reviews did not report the economic setting of their
included studies.

In total, 29% (63/217) of the systematic reviews were focused
on preservice aone. Of these, 11% (24/217) were nursing
students, 5.1% (11/217) were medical students, and 7.8%
(17/217) were mixed student populations. The least common
population groups to be studied in the included reviews were
pharmacy students (4/217, 1.8%), dentistry students (4/217,
1.8%), physiotherapy students (2/217, 1.8%), and health sciences
students (1/217, 0.5%). Thisreflectsthe number of publications
from these disciplines.
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Not a systematic review or meta-
analysis (n=22)

Participants not health
professionals or students (n=21)
Educational intervention not digital
technology (n=97)

Mo future research
recommendations (n=84)

Reviews exploring the use of interventions with in-service
professionals (44/217, 20.3%) are divided into fewer, less
distinct categories: 13.8% (30/217) physicians, 6.5% (14/217)
mixed health care professionals, and 0.5% (1/217) health care
workers.

Of the systematic reviews comprising studies for both pre- and
in-service professionals (110/217, 50.7%), 22.1% (48/217)
focused on medical students and physicians, 17.5% (38/217)
focused on mixed students and health care professionals, and
6% (14/217) focused on nursing students and nurses. Reviews
comprising studies on dentistry, pharmacy, and physiotherapy
werelesscommon: 1.4% (3/217) dentistry students and dentists,
0.9% (2/217) pharmacy students and pharmacists, and 0.5%
(1/217) physiotherapy students and physiotherapists.

Theincluded reviewsinvestigated digital education interventions
for learnersat avariety of stagesin their career: 45.2% (98/217)
were created for both students and graduates, 29.5% (64/217)
for students only, 10.1% (22/217) for practicing postgraduate
health care professionals, 7.8% (17/217) for a mix of trainees
and postgraduate health care professionals, and 7.4% (16/217)
for graduate trainees.
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Figure 2 displays a chart showing the number of systematic
reviews published for each digital modality, organized by
publication year. Several additiona digital modalities were
identified in the systematic reviews over and above the
modalitiesincluded in the study by Tudor Car et al [26]. These
were consolidated into three new categories:

1. Al: thiscategory includestraditional Al and generative Al,
as well as novel Al-driven education modalities such as
personalized learning, adaptive learning, Al-enabled
extended reality (XR), chatbots, and virtua learning
coaches. It aso covers Al as an enabling technology, for
example, when it helps educators produce content or
generates data-driven insights.

2. XR and immersive technologies: this category includes
augmented reality, XR, mixed redlity, and haptic
technology. Virtua reality was aso reclassified to fall
within this definition.

3. Simulation: this category includes high-fidelity simulators
and robotic simulation.

Refer to Multimedia Appendix 2 for afull list of definitions.

Most systematic reviews focused on XR and immersive
technologies (132/217, 60.8%) and online digital education

Potter et al

(99/217, 45.6%). The least focus was given to serious gaming
and gamification (16/217, 7.4%), simulation (15/217, 6.9%),
massive online open courses (7/217, 3.2%), and Al (6/217,
2.8%).

Publication numbers were highest in 2022, although the annual
totals between January 2020 and April 2023 (Figure 2) exceed
those published in the original study by Tudor Car et al [26].

Mapped against the conceptual framework of digital health
education for health care professionals [26], most systematic
reviews were focused on education modality (170/217, 78.3%)
and instructional design (99/217, 45.6%). Very few reviews
focused on human resource requirements (7/217, 3.2%) and
regulatory factors (6/217, 2.8%) in relation to digital education
infrastructure, with only 0.9% (2/217) of reviews concerned
with quality assurance of digital health education in the setting.

The majority of studies emphasized reporting educational
outcomes related to skills (161/571, 28.1%) and knowledge
(133/571, 23.3%), followed by studies focusing on satisfaction
(77/571, 13.5%), attitude (54/571, 9.5%), and behavior (38/571,
6.7%). Few studies (29/571, 5.1%) reported patient outcomes.

Figure 2. Number of systematic reviews published per year up to April 2023 for each digital modality.

Artificial intelligence

Blended education

Digital serious gaming
and gamification
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immersive technologies
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Year of publication

Future Research Recommendations

recategorized, and consolidated by 3 authors (AP, CM, and EW)

to create afinal list of 63 updated research questions. Refer to

A total of 151 future research recommendationswere extracted  Tables 2 and 3 for the complete lists.

from the 217 systematic reviews. These were analyzed,
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Acrossthe questions, onlinedigital education (299/1257, 23.7%) instructional design (16 questions), and assessment (14

and XR and immersive technologies (266/1257, 21.1%) were questions).
the most predominant digital modalities requiring further
research. Most questions suggest further inquiry within the
following domains of education: modality (21 questions),

Table 2. New research questions identified from the included papers.

The least predominant modalities are massive online open
courses (20/1257, 1.59%) and Al (18/1257, 1.43%).

New research questionsidentified from the included papers

Evidence source references

Can the positive outcomes observed in studies at levels 2B and 3 of the Kirkpatrick model be further validated
through studies at level 4, and what are the potential organizational and participant-level changesthat may result
from implementing these techniques?

How do immersive technologies impact learning outcomes?
How do we measure the learning transfer from digital education to the clinical setting?

How does research and evidence inform education commissioning and selection of digital technologies?

How doesthe design of V PS?impact learning outcomesin health professions education and training curriculum?
How does the use of socia media as a pedagogical tool contribute to learner efficacy?

How effectiveis blended learning in different disciplines, age groups, and learning environments for nursing
students?

How can digital health education be used to offer an inclusive learning experience for staff and students?

How can we optimize the use of Al b machine learni ng, and deep learning to facilitate education and training?
What are health care students’ learning needs, and can they be met by the use of digital gamification?

What are the advantages and disadvantages of the recognized standard setting methods in simulation-based
training?

What are the challenges of setting up digital simulation education in primary care?

What are the experiences and attitudes of teachers and trainers toward devel oping and implementing digital
learning designsin health care education?

What are the outcomes and implications of high-quality randomized controlled trials evaluating the impact of
virtual reality and augmented reality simulators on the entire robotic surgery learning curve?

What are the specific effects of video as alearning delivery method?

What automated performance metrics might prove effective in remote proctoring and assessment? For example,
eyetracking

What isthe comparative efficacy of various e-learning platformsin teaching specific subtopics when standardized
guidelines for information delivery and assessment are used?

What is the effectiveness of digital health education on long-term retention of skills and knowledge?

(32

[32-40]
[41-45]
[46]

[47,48]

[49,50]
[51]

[52-55]
[56,57]

[58-64]
[58,65-67]

[68]
[69-71]

[37,72]

(73]
(61]

[74,75]

[70,74,76-80]

What is the effectiveness of high-fidelity simulation compared with other forms of simulation training? [81-84]
What is the effectiveness of immersive technol ogies compared with other forms of simulation training? [67,80,85]
What is the effectiveness of synchronous digital education compared with asynchronous digital educationto  [86-88]
deliver health professions education?
What is the impact of digital health education on clinical outcomes in the short and long term? [89-93]
What is the long-term impact of the COVID-19 pandemic on the educational gaps of health care learners? [94-97]
What isthe validity of using Al, machinelearning, and deep learning to generate automated feedback for proce-  [98,99]
dural skillstraining?

3/PS:; virtual patient simulation.

BAI: artificial intelligence.
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Table 3. Research questions identified from the included papers and mapped to questions originating from the study by Tudor Car et a [26].

Research questions identified from the included papers

Evidence source references

What are the instructional design barriers and facilitators that affect

the continued adoption of digital toolsin health professions education?

How does the frequency and duration of digital simulation—based
psychomotor skillstraining affect health professionals’ skillstransfer
totheclinical setting?

How does the interactivity of digital education programs affect the
learning and clinical outcomes of health professionals?

What are the technical resources needed to deliver digital education
to health care professional s?

Is spacing digital simulation—based training more or as effective as
traditional education in clinical psychomotor skills development?

What are learners’ acceptability of digital education with different
levels of interactivity?

What is the differential impact of digital education on the clinical
performance of trainee or expert surgeons?

Can digital education be used to overcome challenges in delivering
content-specific topics for health professions education (eg, surgical
training in rare pathologic states)?

Which components of digital health education (eg, interactivity and
feedback) contribute to enhanced |earning outcomes?

Can digital simulation—based training be used to train nontechnical
skillsin health professionals?

Ishealth professions’ digital education more time efficient than tradi-
tional education?

Which learning theories can be used to inform the development of
effective digital health professions education?

Does digital simulation—based psychomotor skills training provide
any benefit to medical trainees?

How does health professions’ digital education affect individual and
health services outcomes and organizationa practice?

What isthe effectiveness of using digital educationto train and assess
nontechnical skillsin health care professionals?

How do cost and cost-related outcomes influence the adoption of
digital technology in health professions education?

Which features of digital education (eg, technical features, fidelity,
safety, and adaptability) affect the learning outcomes of health profes-
sions education?

Ismastery learning viadigital education more or as effective astradi-
tional educationintermsof clinical psychomotor skillsimprovement?

What are health professionals’ attitudes toward digital delivery of
education and training programs?

What are the challenges of digital education for health professionals
training in different socioeconomic settings?

Can digital education be designed to achieve learning outcomes de-
noted in the Kirkpatrick model?

What are health care professionals’ learning needs and can they be
met using digital simulation training?

What type of instructional design is used in the effective digital edu-
cation of health professions education?

What isthe optimal duration, frequency, and intensity of digital health
professions education programs to improve the learning and clinical
outcomes for health care professionals?

[63,69,88,100-104]

[105-111]

[89,91,105,112-117]

[36,80,105,107,118-122]

[41,80,105-109,111,117,123,124]

[87,91,105,107,115,122,125-129]

[107,120,124-126,130-133]

[33,75,105,107,109,121,125,128,134-137]

[55,58,61,80,89,115,125,128,129,138-140]

[32,85,97,111,123,126,128,131,136,141-143]

[95,105,107,115,123-126,144-149]

[62,63,69,74,81,87,126,150-157]

[37,107,115,120,123-125,145,147,158-163]

[87,95,105,107,112,123,124,133,134,146,147,158,164-167]

[42,82,84,88,95,111,117,128,131,143,168-170]

[36,65,107,115,117,123,135,145,167,171-175]

[36,82,104,105,112,122,124-126,129,130,134,139,142,145,171,176,177]

[34,35,80,105,108,109,115,123,124,134,147,155,158,178-181]
[55,69,70,87,89,91,105,107,112,115,122,125,126,128,146,148,174,182,183]
[32,68,122,140,171,172,175,184-186]
[32,40,74,87,107,112,117,124,128,133,134,140,141,147,155,156,164,187,188]
[88,104,105,107,115,117,120,122,123,125,126,128,129,138,146,148,158,162,
164,183,189,190]

[33,42,80,82,87,104,117,119,125,126,128,129,135,137,139,156,162,190-194]

[41,69,80,82,102,106-108,110,111,114,124,127,141,161,175,184,186,195]
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Research questions identified from the included papers

Evidence source references

What isthelong-term cost-effectiveness of digital education compared
with traditional education for health professionals?

How does providing accessto digital education improve the learning
outcomes of health professionals?

How should learning outcomes in the field of health professions’
digital education be defined and standardized?

What pedagogy should be used in the digital education of health
professionals to improve their knowledge and skills?

Candigital education complement (ie, blended) or substitute traditional
education for health professionals?

How can digital technology be incorporated into the current health
professions education and training curriculum to improve learning
outcomes?

What is the ideal approach to assessing health professionals’ knowl-
edge, skills, attitudes, satisfaction, and clinical outcomesfrom digital
technol ogy—based education and training programs?

How should studies on digital health professions education be report-
ed?

Isdigital education effective in improving health professionals
knowledge and skills performance in the clinical setting?

Which performance metrics or measurement instrument should be
used to assess health professionals’ knowledge, skills, attitudes, satis-
faction, and clinical outcomesfrom digital technology—based training
programs?

How does the design of digital education interventions (eg, format
and modality) in health professions education and training curriculum
affect learning outcomes?

How should studies of digital health professions education be designed
to ensurethe generalizability of their findings across different settings?

What is the impact of digital simulation—based training on clinical
outcomes in the short and long term?

What is the effectiveness of digital education (mixed or single
modality) compared with nondigital education to deliver health pro-
fessions education?

What are the methodological requirements for high-quality, rigorous
studies assessing the outcomes of digital health education?

[35-37,48,78,81,85,91,95,105,107,115,120,123,148,159,167,169,173-175,196,197]

[36,87,89,105,107,109,112,113,115,122-126,129,133,134,138,142,145,147,149,162,
164,167,174,187]

[41,45,66,81,87,98,103,104,107,120,121,125,128,129,133,134,141,145,147,149,
156,164,165,174,198-202]

[74,78,81-83,87,88,95,102,106,114,117,122,126,150,154-156,165,170,191,192,
201-204]

[34,41,43,56,61,64,80,87,91,95,96,104,115,119,124,126,128,140, 145,154,156,
187,205-209]

[41,80,95,99,105,107,111,112,121,123-127,129,133,134,147,165,168,198,
208,210-214]

[32,51,61,83,87,102-104,117,120,123,128,129,133,140,149,156,164,165,176,178,
184,192,193,196,200,201,215-224]

[37,38,45,46,74,79,82,87,89,91,101,102,104,105,107,114,123,125,126,128,129,134,
140,147,148,153,176,178,184,188,201,202,204,211,223,225-227]

[36,44,62,87,95,104,105,107,109,113-115,117,123-126,131,133,134,144,145,147,149,
154,158,162,164,176,187,190,192,194,196,209-211,213,215,228]

[33,41,46,51,58,61,66,82,87,98,102,104,107,109,120,123,124,128,129,133,140,141,
145,147,153,156,164,166,169,170,178,179,191,199-201,211,215,220,222,229]

[33,37,40-42,47,48,54-56,61,63,64,73,80-82,87,95,96,101-103,112,113,119,126,
128,130,131,133,138,142,152,154,196,210,213,230-233]

[38,51,52,62,76,79,80,87,91,92,102,104,105,107,114,115,120,123-126,128,129,133,
134,138,140,141,144,145,147-149,164,170,172,176,184,200-202,205,207,211,223,
225-227,234-238]

[35,37,40,48,68,70,76,81,87,93,106,108,112,117,123,124,128,131-134,140,143,
146,147,155,164,165,174,179,181,185,186,188,196,197,201,218,227,228,236,239-241]

[33,34,36,43,53,56,64,68,75,85,87,89,91,95-97,104,115,119,123,124,126,128,129,131,
134,136,138,140,145,147,149,154,159,161-164,181,192,196,198,205-207,209,
225,230,242,243]

[35,37-39,42,46,47,51,52,57,60,62,63,70,72,74,79-83,86,37,91,100,102,104,105,107,
113-115,123-126,128,129,133,134,140,141,144,145,147-149,152,153,168,176,179,
184,185,188-190,195,199,201-204,214,218,222,223,225-227,234,236,238 241,244-247)

Delphi Consensus

A total of 42 experts were enrolled to participate in the Delphi
consensus activity. Of these, there were 11 academics, 18
clinica educators, 14 simulation faculty, 6 immersive

feasibility for further study). Two participants choseto withdraw
from the Delphi process after reviewing the survey. There was
a 78% (31/40) response rate, with nonconsensus thresholds
across all questions. Therefore, all 63 questions went through
to the next round.

technology professionals, 6 workforce and transformation

professionals, 1 learner, and 13 TEL professionals.

Inround 1, atotal of 151 research questionsidentified from the
literature review were consolidated into 63 questions. These 63

Inround 3, intotal, 53% (21/40) experts responded to the survey
to determine the priority with which each question ought to be
pursued with further research. A total of 18 research questions
met the consensus threshold for the final round.

questions were then used to form the web-based survey for

round 2.

Inround 2, experts assessed each question against the set criteria
(scientific merit, significance on workforce development,

Inthefourth and final round, the response rate was 55% (22/40),
and consensus was reached on the 5 research questions (Table
4) that the expert group identified as the most important and
likely to impact the future delivery of digital education.

innovation, relevance to the Long Term Workforce Plan, and
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Table 4. Top-rated 5 research questions.

Research question Sum of score

How do we measure the learning transfer from digital education to the clinical setting? 47

How can we optimize the use of Al machine learning, and deep learning to facilitate education and training? 38

What are the methodol ogical requirementsfor high-quality, rigorous studies assessing the outcomes of digital health education? 32

How does the design of digital education interventions (eg, format and modality) in health professions education and training 31

curriculum affect learning outcomes?

How should learning outcomes in the field of health professions’ digital education be defined and standardized? 30

Al artificial intelligence.

Discussion

Principal Findings

This study presents findings from 217 systematic reviews on
digital education in health care, published between 2020 and
2023. The findings expand upon previous research conducted
by Tudor Car et al [26] and define current gaps in the evidence
for the efficacy of digita education. After analysis and
consolidation, this study identified 63 future research questions:
24 new questions derived from the umbrellareview and 39 from
theoriginal study by Tudor Car et a [26]. Most reviewsfocused
on XR and immersive technol ogies aswell asweb-based digital
education, targeting amixed audience of studentsand in-service
health care professionals. Thiswas also the case for studieswith
the least commonly represented population groups (dentistry,
pharmacy, and physiotherapy).

The 63 research questions were then prioritized through a
consensus process with 40 experts from hedth care and
academia, resulting in 5 key research questions (Table 4). These
guestions span several domains outlined in the conceptual
framework [26]: assessment, engagement, learner, level of
education, modality, and research.

The5 Top-Rated Research Questions

Each of the top-rated questions is supported by a wealth of
recommendations for conducting research in digital education.
A high-level summary of this evidence is provided for each
question.

Question 1: How Do We MeasuretheLearning Transfer
from Digital Education to the Clinical Setting?

The evidence behind this research question points to severa
related yet distinct avenues of inquiry. A common theme among
them is the need for further research to demonstrate how
learning outcomes translate into real-world contexts, both for
technical and nontechnical skills, particularly in nursing and
medical fields [42-44]. One study specifically recommends
further research to ensure that the competence and confidence
inclinical practice skillsdemonstrated in alearning environment
are maintained when applied in the clinical setting, where
additional external factors may come into play [44]. Ensuring
that the learning experience is relevant and closely mirrors
real-world situations is a key consideration when designing
instruction to facilitate effective transfer of knowledge and skills
[248].

https://www.jmir.org/2025/1/e66157

Furthermore, studies should track and eval uate the effectiveness
of learning throughout a health care professional’s career [41],
using clinical outcomes and patient-reported outcome measures
to assess the transfer of learning [45].

Question 2: How Can We Optimize the Use of Al,
Machine Learning, and Deep Learning to Facilitate
Education and Training?

The use of Al to optimize health education is a rapidly
developing field. Current evidence proposes further research
on the potential of this technology to elevate and shift
performance assessment from benchtop and simulated
environments to real-world context, offering more precise and
scalable feedback mechanisms for both trainees and
practitioners. For instance, machinelearning has already shown
promise in surgical skills training, where it could provide
automated, objective assessments of technical skills, provided
that more reliable assessment datawere available [57]. Besides
enhancing existing approaches to learning and assessment, Al
also enables new modalities, such as personalized learning,
which can enable more self-directed learning and may also
support learner motivation by connecting data-driven insights
to learning experiences, and adaptive learning [249]. Al
integrated into personalized or adaptive learning could help
students practice clinical decision-making by simulating
different patient cases customized to their knowledge gaps based
on previous performance. Furthermore, Al could generate
dialogue, actions, and complex situations that replicate clinical
settings, further enabling studentsto develop critical skillswith
reduced risk [56]. However, while Al offers substantial benefits,
its implementation must be carefully considered to mitigate
against potential challenges such as ethical concerns, biasfrom
training data, and over-reliance on technology [249]. To safely
and effectively adopt Al into health care education, a careful
approach couldintegrate Al in away that complements existing
strategies that emphasize critical thinking and adaptability as
well astechnical proficiency.

Question 3: What Arethe Methodol ogical Requirements
for High-Quality, Rigorous Studies Assessing the
Outcomes of Digital Health Education?

Across the spectrum of digital education modalities, severa
studies highlighted the need for research to adopt appropriate
study designs to determine learning gains [35, 63, 80, 87,
102,123,128,129,179,199,203,226]. Designs need to be larger
in scale [39,60,105,107,113,124,134,140,188,214,218,246],
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multicentered [45,134,227,245], and carry out longer-term
follow-up [37,62,81,105,107,128,133,140,149,195,223,241] to
ensure retention and transfer of learning. Many of theincluded
studies recommended more randomized controlled trials
[37,38,62,81,100,105,115,124,140,188,195,214,222,236,241],
although one paper supports the suggestion provided by Tudor
Car et a [211] that quasi-experimental designs may be better
suited to educational research [144] and another study, in
relation to cultural competency, suggests that observational
studies and other designs may be preferred [52].

Question 4: How Does the Design of Digital Education
I nterventions (eg, Format and Modality) Used in Health
Professions Education and Training Curriculum Affect
Learning Outcomes?

Key recommendations from the data sources that derive this
research question are primarily concerned with the integration
and sequencing of pedagogical devices (ranging from flipped
classrooms, timing of simulation briefing, e-learning, and active
vsdidactic approaches) in health education training and curricula
as well as the quaity of the approach used
[41,42,82,95,102,119,133,142]. Some studies suggest delving
further by closely comparing and evaluating the impact of
nuanced difference in the design elements of an intervention or
specific educational technology [37,63,82,101,130].

Stepping back from this detail within the intervention design
itself, studiesaso reinforce the need to define educational needs,
the context, and the setting to select suitable, appropriate, and
effective modalities for  specific learner  groups
[40,80,103,126,232].

Looking to the future, some studies highlight several novel
technol ogies and suggest exploring their potential for designing
more advanced educationa interventions, such as Al [56],
adaptive learning [87], wearabl e technology [213], eyetracking
for assessment [55,61], and gamification to increase learner
motivation [61].

Whilemany still recommend further comparison studies between
digital and nondigital interventions[33,48,119], others support
the recommendation by Tudor Car et a [26] that comparisons
between digital-to-digital interventions are now needed and
necessary [142,231].

Question 5: How Should Learning Outcomesin theField
of Health Professions Digital Education Be Defined and
Standardized?

Principally, the foundations of this research question lie within
abody of evidence that urges a more standardized approach to
outcome measurement, using validated measurement tools
[81,98,120,141,165]. Beyond this, there is little guidance on
how to achievethis, although 1 study (specific to surgical skills
training) suggests that machine learning could help identify
which metrics accurately assess skills[201].

In many ways, each of these research priorities are connected
and interdependent. For example, to be able to measure learning
transfer, learning outcomes need to be defined from the
beginning and integrated into the learning design. This, in turn,
will influence the research methodology used.

https://www.jmir.org/2025/1/e66157
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Comparison With Prior Work

This study builds upon and extends research by Tudor Car et
al [26]. By doing so, the study not only updates their findings
to include data up to 2023 but also extends them by prioritizing
5 research questions through Delphi consensus, thereby
addressing alimitation previously identified by Tudor Car et al
[26].

In comparison to the 6-year period covered by Tudor Car et a
[26], the 3-year timeframe (2020 to 2023) in this study shows
a dramatic increase in the number of publications on digital
education in health care (from 77 to 217). This surge of activity
isreflective of therisein uptake of digital education in response
to the COVID-19 pandemic.

Research with medical students and physicians has seen the
greatest increase (from 12% to 22% of studies) and accounts
for the largest portion of studies included in this review. In
contrast, most earlier studies were more heterogeneous, with a
combination of students and health professionals spanning
several professions and specialties [26]. Dentistry staff and
students remain one of the least represented groups in the
literature, along with pharmacy and physiotherapy. The digital
education modalities studied align with the broader outcomes
of this study (namely, virtua reality, augmented reality, and
web-based digital education), and their recommendations for
future research mainly focus on the benefits, effectiveness, and
perceptions of these modalities.

This study sees the addition of 3 new modalities. Al (in the
form of personalized learning, adaptive learning, Al-enabled
XR avatars, chatbots, and virtual learning coaches), XR and
immersive technologies, and high-fidelity simulation. There
has been an explosion of research around the use of XR
technologies (132/217, 60.8% of included studies) as well as
the emergence of Al (6/217, 3% of included studies). Aside
from virtual reality, these technologies were not present in the
earlier study.

Therewas adlight increase (from 5% to 14%) in the number of
studies from high-, medium-, and low-income countries [26].
This could be indicative of greater collaborative relationships
during the COVID-19 pandemic, as digital education was used
globally to overcome the challenges of socia distancing in
health education delivery. Although evidencerelating to digital
education research in low-income countries continues to be
sparce, the data from this study suggest that future research
should focus more closely on learner audiences and intercultural
differences to better understand what works across various
socioeconomic settings [175,237].

While there have been noticeable shifts in the research
populations and the education technologies studies since the
findings shared by Tudor Car et al [26], some aspects remain
unchanged. Studies comparing digital education interventions
with traditional education remain popular, with a continued
emphasis on the randomized control trial study design.
Comparison studies between digital and nondigital approaches
have made significant progressin recent years. Researchersare
now encouraged to focus more on comparisons between digital
methods in future studies to further advance digital education
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research. However, despite a move toward research focusing
on the context of the learner since the study by Tudor Car et al
[26], this review has shown that there continues to be alack of
studies relating to quality assurance, human resources, and
regulatory aspects of digital education infrastructure.

Strengths and Limitations

The findings of this extensive umbrella review replicated a
robust methodology used by Tudor Car et a [26] and expanded
it to identify the most pressing research questions currently
needing attention in digital education within UK health care.
Furthermore, these findings were strengthened by consultation
with 40 stakeholders across health care and academiato arrive
at consensus for the 5 research questions.

By replicating the methodology used by Tudor Car et a [26],
this study was constrained by many of the same limitations set
out intheir study, particularly the exclusion of original research
outside of systematic reviews. In addition, this study excluded
conference abstracts and non-English papers. However, the
impact of excluding non-English papersis considered minimal
on the overal outcome[250], and whilethere may be advantages
in including conference abstractsin a systematic review [251],
they did not provide the level of information required for data
extraction in this study.

Therewas very low representation from the learner stakeholder
group on the Del phi expert panel. Initialy, there was uncertainty
among the research team members about whether learnerswould
be classed as “experts’ for a Delphi panel, which delayed
promotion to this group. According to Nasa et a [252], an
“expert can be defined as someone with knowledge and
experience on a particular subject matter.” In addition, there
were similarities drawn with the concept of “experts by
experience” [253]. While there are significant differences
between being a patient, carer, or service user and a student or
learner, the principles of “experts by experience” were
considered to be similar. This approach involves gathering the
views of people receiving the interventions, in this case, their
views and expertise regarding their experience with education.
Therefore, a heterogeneous group of stakeholders including
final-year undergraduate health care students and postgraduate

Potter et al

students or trainees, including doctors in training, was
considered applicable to the aims of this study.

Next Steps

Having defined 5 high-level, key research priorities, it remains
to determine what the next steps should be. Stefanidiset al [19]
observed that, in the field of surgical simulation, little actual
research evidence has been generated despite numerous papers
attempting to define priorities. To avoid repeating this
shortcoming, the next stage should be to identify specific
research questions that have the greatest potential to have
significant and practical impact acrossthe system. As proposed
by Stefanidiset al [19], establishing anumber of expert working
groups to devise specific, high-impact and feasible research
proposals based on these 5 priorities is suggested. These ideas
will subsequently be developed into formal research projects
including research questions, collaborators, project design, and
required resources. It is anticipated that successful completion
of these projects will answer important questions about the
practice of digital education in health care.

Conclusions

This review provides a list of current research gaps in digital
education in health care, presenting them as a set of research
guestions along with the sources from which they are derived.

Whilethe ongoing focus of digital education research on medical
trainees and professionals is acknowledged, there is a need for
more research involving nursing and allied health professions.
It also highlights that there continues to be a need to address
the quality assurance, human resources, and regulatory aspects
of digital education infrastructure through research.

The prioritized set of 5 research questions, devel oped with input
from expert representatives across health care and academia, is
expected to serve as a valuable guide for researchers, funding
agencies, and educators. For researchers, these questions offer
ahelpful starting point for addressing some of the existing gaps
in knowledge. For funding agencies, they provide aframework
for alocating resources to the areas identified as top priorities
for the health care system. Finally, for educators and education
providers, these questions can inform decision-making regarding
implementation, curriculum design, and quality.
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