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Abstract

Background: Virtua reality (VR) is atechnology that allows the user to explore and manipulate computer-generated real or
artificial three-dimensional multimedia sensory environmentsin real timeto gain practical knowledge that can be used in clinical
practice.

Objective: The aim of this systematic review was to evauate the effectiveness of VR for educating health professionals and
improving their knowledge, cognitive skills, attitudes, and satisfaction.

Methods: We performed asystematic review of the effectiveness of VR in pre- and postregistration health professions education
following the gold standard Cochrane methodol ogy. We searched 7 databases from the year 1990 to August 2017. No language
restrictions were applied. We included randomized controlled trials and cluster-randomized trials. We independently selected
studies, extracted data, and assessed risk of bias, and then, we compared the information in pairs. We contacted authors of the
studies for additional information if necessary. All pooled analyses were based on random-effects models. We used the Grading
of Recommendations, Assessment, Devel opment and Eval uations (GRADE) approach to rate the quality of the body of evidence.

Results: A total of 31 studies (2407 participants) were included. Meta-analysis of 8 studies found that VR dlightly improves
postintervention knowledge scores when compared with traditional learning (standardized mean difference [SMD]=0.44; 95%

Cl 0.18-0.69; 12=49%; 603 participants, moderate certainty evidence) or other types of digital education such asonline or offline
digital education (SMD=0.43; 95% CI 0.07-0.79; 1°=78%; 608 participants [8 studies]; low certainty evidence). Another
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meta-analysis of 4 studies found that VR improves health professionals’ cognitive skills when compared with traditional learning
(SMD=1.12; 95% CI 0.81-1.43; 12=0%; 235 participants; large effect size; moderate certainty evidence). Two studies compared

the effect of VR with other forms of digital education on skills, favoring the VR group (SMD=0.5; 95% Cl 0.32-0.69; 12=0%;
467 participants, moderate effect size; low certainty evidence). The findings for attitudes and satisfaction were mixed and
inconclusive. None of the studiesreported any patient-related outcomes, behavior change, aswell as unintended or adverse effects
of VR. Overal, the certainty of evidence according to the GRADE criteria ranged from low to moderate. We downgraded our
certainty of evidence primarily because of the risk of bias and/or inconsistency.

Conclusions:  We found evidence suggesting that VR improves postintervention knowledge and skills outcomes of health
professionals when compared with traditional education or other types of digital education such as online or offline digital
education. The findings on other outcomes are limited. Future research should evaluate the effectiveness of immersive and
interactive forms of VR and evaluate other outcomes such as attitude, satisfaction, cost-effectiveness, and clinical practice or

behavior change.

(J Med Internet Res 2019;21(1):€12959) doi: 10.2196/12959
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Introduction

Adequately trained health professionals are essential to ensure
access to health services and to achieve universal health
coverage [1]. In 2013, the World Health Organization (WHO)
estimated a shortage of approximately 17.4 million health
professionalsworldwide[1]. The shortage and disproportionate
distribution of health workers worldwide can be aggravated by
the inadequacy of training programs (in terms of content,
organization, and delivery) and experience needed to provide
uniform health care servicesto all [2]. It has, therefore, become
essential to generate strategies focused on scalable, efficient,
and high-quality health professions education [3]. Increasingly,
digital technology, with its pervasive use and relentless
advancement, is seen as a promising source of effective and
efficient health professions education and training systems [4].

Digital education (also known as eLearning) is the act of
teaching and learning by means of digital technologies. Itisan
overarching term for an evolving multitude of educational
approaches, concepts, methods, and technologies [5]. Digital
education can include, but is not limited to, online and offline
computer-based digital education, massive open online courses,
virtual reality (VR), virtual patients, mobile learning, serious
gaming and gamification, and psychomotor skills trainers [5].
A strong evidence base is needed to support effective use of
these different digital modalities for health professions
education. To this end, as part of an evidence synthesis series
for digital health education, we focused on one of the digital
education modalities, VR [6].

VR is a technology that allows the user to explore and
manipulate = computer-generated real or  artificial
three-dimensional (3D) multimedia sensory environments in
real time. It allowsfor afirst-person active learning experience
through different levels of immersion; that is, a perception of
the digital world as real and the ability to interact with objects
and/or perform a series of actions in this digital world [7-9].
VR can be displayed with avariety of tools, including computer
or mobile device screens, and VR rooms of head-mounted
displays. VR rooms are projector-based immersive 3D
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visualization systems simulating real or virtual environments
in a closed space and involve multiple users at the same time
[10]. Head-mounted displays are placed over the user’'s head
and provide an immersive 3D environmental experience for
learning [7]. VR can adso facilitate diverse forms of health
professions education. For example, it isoften used for designing
3D anatomica structure models, which can be toggled and
zoomedinto[11]. VR aso enablesthe creation of virtual worlds
or 3D environmentswith virtual representations of users, called
avatars. Avatars in VR for health professions education can
represent patients or health professionals. By enabling
simulation, VR is highly conducive to clinical and surgical
procedures-focused training.

We found several reviews focusing primarily on the
development of technical skills as part of surgical and clinical
procedures-focused training, mostly calling for more research
on the topic [12-15]. However, VR also offers arange of other
educational opportunities, such as development of cognitive,
nontechnical competencies [13-18]. Our review addresses this
gap in the existing literature by investigating the effectiveness
of VR for health professions education.

Methods

Systematic Review

We adhered to the published protocol [6] and followed the
Cochrane guidelines [19]. The review is reported according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines [20]. For a detailed description of
the methodol ogy, please refer to the study by Car et a [5].

Study Selection

We included randomized and cluster-randomized controlled
trials that compared any VR intervention with any control
intervention, for the education of pre- or postregistration health
professionals. We included health professionals with
qualifications found in the Health Field of Education and
Training (091) of the International Standard Classification of
Education. VR interventions could be delivered as the only
mode of education intervention or blended with traditional
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learning (ie, blended learning). We included studies on VR for
cognitive and nontechnical health professions education,
including all VR delivery devices and levels of immersion. We
included studies that reported VR as an intervention for
healthcare professionals without the participant using any
additional physical objectsor devices such as probesor handles
for psychomotor or technical skill development. We included
studies that compared VR or blended learning with traditional
learning, other types of digital educations, or another form of
VR intervention.

We differentiated the following types of VR: 3D models, virtual
patient or virtual health professional (VP or VHP) within VR
and surgical simulation. Although weincluded studiesincluding
virtual patients in a VR, studies of virtual patient scenarios
outside VR were excluded and are part of a separate review
looking at virtual patients alone (simulation) [10]. We excluded
studies of students and/or practitioners of traditional, alternative,
and complementary medicine. We also excluded studies with
cross-over design because of the likelihood of a carry-over
effect.

We extracted data on the following primary outcomes:

- Learners knowledge postintervention: Knowledge is
defined as learners' factual or conceptua understanding
measured using change between pre- and posttest scores.

- Learners skills postintervention: Skills are defined as
learners’ ability to demonstrate a procedure or technique
in an educational setting.

 Learners attitudes postintervention toward new
competences, clinical practice, or patients (eg, recognition
of moral and ethical responsibilities toward patients):
Attitude is defined as the tendency to respond positively or
negatively toward the intervention.

« Learners sdatisfaction postintervention with the learning
intervention (eg, retention rates, dropout rates, and survey
satisfaction scores): This can be defined as the level of
approval when comparing the perceived performance of
digital education with one's expectations.

« Change in learner's clinical practice or behavior (eg,
reduced antibiotic prescriptions and improved clinical
diagnosis): This can be defined as any changes in clinical
practice after the intervention which resultsin improvement
of the quality of care aswell asthe clinical outcomes.

We also extracted data on the following secondary outcomes:

«  Cost and cost-effectiveness of the intervention
- Pdtient-related outcomes (eg, patient mortality, patient
morbidity, and medication errors)

Data Sour ces, Collection, Analysis, and Risk of Bias
Assessment

We devel oped a comprehensive search strategy for MEDLINE
(Ovid), Embase (Elsevier), Cochrane Centra Register of
Controlled Trials (CENTRAL; Wiley), PsycINFO (Ovid), ERIC
(Ovid), CINAHL (Ebsco), Web of Science Core Collection,
and clinicdl trial registries (Clinical Trial.gov and WHO ICTRP).
Databases were searched from January 1990 to August 2017.
Thereason for selecting 1990 asthe starting year for our search
is that before this year, the use of computers and digital
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technologies was limited to very basic tasks. There were no
language or publication restrictions (see Multimedia A ppendix
1).

The search results from different bibliographic databases were
combined in a single Endnote library, and duplicate records
were removed. Four authors (BMK, NS, JV, and CKN)
independently screened the search results and assessed full-text
studiesfor inclusion. Any disagreementswere resolved through
discussion between the authors. Study authors were contacted
for unclear or missing information.

Five reviewers (BMK, NS, JV, CKN, and UD) independently
extracted data using a structured data extraction form.
Disagreements between review authors were resolved by
discussion. We extracted data on the participants, interventions,
comparators, and outcomes. If studies had multiple arms, we
compared the most interactive intervention arm with the least
interactive control arm.

Two reviewers (BMK and NS) independently assessed the risk
of biasfor randomized controlled trials using the Cochrane risk
of bias tool [19,21], which included the following domains:
random sequence generation, allocation concealment, blinding
of outcome assessors, completeness of outcome data, and
selective outcome reporting. We also assessed the following
additional sources of bias: baselineimbalance and inappropriate
administration of an intervention as recommended by the
Cochrane Handbook for Systematic Reviews of Interventions
[21]. Studieswerejudged at highrisk of biasif therewasahigh
risk of bias for 1 or more key domains and at unclear risk of
biasif they had an unclear risk of biasfor at least 2 domains.

Data Synthesisand Analysis

Studieswere grouped by outcome and comparison. Comparators
included traditional education, other formsof digital education,
and other types of VR. We included postintervention outcome
data in our review for the sake of consistency as this was the
most commonly reported form of findings in the included
studies. For continuous outcomes, we summarized the
standardized mean differences (SMDs) and associated 95% Cls
across studies. We were unable to identify a clinicaly
meaningful interpretation of SMDs specificaly for digital
education interventions. Therefore, in line with other evidence
syntheses of educational research, we interpreted SMDs using
the Cohen rule of thumb: <0.2 no effect, 0.2 to 0.5 small effect
size, 0.5t0 0.8 medium effect size, and >0.80 alarge effect size
[22,22]. For dichotomous outcomes, we summarized relative
risks and associated 95% Cl s across studies. We employed the

random-effects model in our meta-analysis. The |2 statistic was

employed to eval uate heterogeneity, with 1°<25%, 25% to 75%,
and >75% to represent a low, moderate, and high degree of
inconsistency, respectively. The meta-analysis was performed
using Review Manager 5.3 (Cochrane Library Software, Oxford,
UK). Where sufficient data were available, summary SMD and
associated 95% Cls were estimated using random-effects
meta-analysis [21].

We prepared Summary of Findings tablesto present asummary
of the results and ajudgment on the quality of the evidence by
using Grading of Recommendations, Assessment, Devel opment
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and Evaluations methodology. We presented the findings that
we were unable to pool, because of lack of data or high
heterogeneity, in the form of narrative synthesis.

Results

Results of the Search

The searches identified 30,532 unique references; of these, 31
studies (33 reports; 2407 participants) fulfilled the inclusion
criteria[11,24-53] (see Figure 1).

Characteristics of Included Studies

All included studies were conducted in high-income countries.
Moreover, 21 studies included only preregistration health
professionals. A range of VR educational interventions were
evaluated, including 3D models, VP or VHP within virtual
worlds, and VR surgical stimulations. Control group
interventions ranged from traditional learning (eg, lectures and
textbooks) to other digital education interventions (online and
offline) and other forms of VR (eg, with limited functions,
noninteractivity, or nontutored support; see Multimedia
Appendix 2). Although they met the inclusion criteria, some
studies did not provide comparable outcome data. Out of the

Figure 1. Study flow diagram. RCT: randomized controlled trial.
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24 studies assessing knowledge, 1 did not provide any
comparable data to estimate the effect of the intervention [44].
Likewise, 2 out of 12 studies assessing skills[29,49], 4 out of
8 studies ng attitude [ 38,40,46,50], and 8 out of 12 studies
ng satisfaction [24,29,33,37,48,49,52,53] did not provide
comparable data.

Risk of Bias

Overall, studies were judged at unclear or high risk of bias (see
Figure 2). Most studies lacked information on randomization,
alocation concealment, and participants  baseline
characteristics. Studies were mostly at low risk of bias for
blinding of outcome assessment as they provided detailed
information on blinding of outcome measures and/or used
predetermined assessment tools (multiple choice questions,
survey, etc). We judged the studiesto be at low risk of detection
bias in comparison with traditional education as blinding of
participants was impossi bl e because of the use of automated or
formalized outcome measurement instruments. However, most
of these instruments lacked information on validation. Most
studies were judged to be at low risk of attrition and selection
bias. Overall, 6 studieswere judged at high risk of bias because
of reported significant baseline differences in participant
characteristics or incomplete outcome data.

Records identified through
electronic database
searching (n=30,532)

Additional records
identified through other
sources (n=0)

|

Total records
(n=30,532)

Duplicate removed

!

Titles and abstracts screened
(n=30,073)

Titles and
abstracts
screening

(n=459)

Records excluded

;

RCTs focusing on virtual reality
for health professions education
and assessed full-text articles for

eligibility
(n=82)

Full-text
screening

(n=29.991)

47 fulltext articles excluded with reasons
2 studies classified as awaiting classification

!

Studies included in the
review (n=31)
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2 studies reported outcomes from previously
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Figure 2. Risk of bias graph and summary.
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Primary Outcomes
Knowledge Outcome

A tota of 24 studies (1757 participants) [11,24,26-28,30-32,
34-37,39,41-44,46-48,50-53] assessed knowledge asthe primary

http://www.jmir.org/2019/1/€12959/

XSL-FO

RenderX

outcome. Of them, 6 studies focused on postregistration health
professionals [30,42,46,47,50,53] and &l others focused on
preregistration health professionals.

The effectiveness of VR interventions was compared with
traditional learning (via two-dimensional [2D] images,
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textbooks, and lectures) in 9 studies (659 participants)
[24,30,32,36,39,43,47,48,52] (Table 1). Overdl, studies
suggested a dlight improvement in knowledge with VR
compared with traditional learning (SMD=0.44; 95% CI
0.18-0.69; 1°=49%; 603 participants [8 studies]; moderate
certainty evidence; see Figure 3).

A total of 10 studies (812 participants) compared VR with other
forms of digital education (comprising 2D images on a screen,
simple videos, or Web-based teaching) [11,27,28,35,37,41,
44,46,50,53] (see Table 2). The overal pooled estimate of 8
studies that compared different types of VR (such as computer
3D model and virtual world) with different controls (ie,
computer-based 2D learning or online module or video-based
learning) reported higher postintervention knowledge scoresin

Kyaw et a

the intervention groups over the control groups (SMD=0.43;
95% Cl 0.07-0.79; 1>=78%; 608 participants; low certainty
evidence; see Figure 3). Additionally, 4 studies compared 3D
models with different levels of interactivity (243 participants)
[26,34,42,51]. Modelswith higher interactivity were associated
with greater improvements in knowledge than those with less
interactivity. The overall pooled estimate of the 4 studies
reported higher postintervention knowledge score in the
intervention groupswith higher interactivity compared with the

lessinteractive controls (SMD=0.60; 95% Cl 0.05-1.14; 12=66%;
moderate effect size; low certainty evidence; see Figure 3). A
total of 3 studies could not be included in the meta-analysis: 1
study lacked data [44], whereas the other 2 studies reported a
mean change score, favoring the VR group [36] or other digital
education intervention [53].

Table 1. Summary of findings table: virtual reality compared with traditional learning.

Outcomes? Illustrative comparative risks Participants (n) Studies(n)  Quality of ~ Comments
(95% ClI) evidence
(GRADEY)
Postintervention knowledge Themean knowledge scoreinthe 603 8 Moderate® 1 study [36] reported mean
scores: measured via M CQs® or intervention group was 0.44 SDs change scoreswithin the group,
quiz. Follow-up: immediate higher (0.18 to 0.69 higher) than and hence, the study data were
postintervention only the mean score in the traditional excluded from the pooled anal-
learning group ysis
Postintervention skill scores: Themean skill scoreintheinter- 235 4 Moderated 3 studies were excluded from
measured viasurvey and OSCE®,  Vention group was 1.12 SDs theanalysisas 1 study reported
Follow-up duration: immediate higher (0.81 to 1.43 higher) than incomplete outcome data [29],
postintervention only the mean score in the traditional 1 study assessed mixed out-
learning group comes[36], and 1 study report-
ed self-reported outcome data
[24]
Postintervention attitude scores: - Themean attitudinal scoreinthe 83 2 Moderate®  N/Af
measured via survey. Follow-up  intervention group was0.19 SDs
duration: immediate postinterven-  higher (-0.35 lower to 0.73
tion only higher) than the mean score in
the traditional learning group
Postintervention satisfaction Not estimable 100 1 Lowd9 5 studies[24,29,33,48,52] re-

scores: measured via survey.
Follow-up duration: immediate
postintervention only

ported incompl ete outcome data
or lacked comparable data.
Therefore, these studies were
excluded from the analysis.

3patient or population: health professionals; settings: universities and hospitals; intervention: virtual reality; comparison: traditional learning (face-to-face

lecture, textbooks, etc).

bGRADE (Grading of Recommendations, Assessment, Devel opment and Eval uations) Working Group grades of evidence. High quality: further research
is very unlikely to change our confidence in the estimate of effect; moderate quality: further research is likely to have an important impact on our
confidencein the estimate of effect and may change the estimate; low quality: further researchisvery likely to have animportant impact on our confidence
in the estimate of effect and islikely to change the estimate; and very low quality: we are very uncertain about the estimate.

“MCQs: multiple choice questions.

dDowngraoled by 1 level for study limitations: the risk of bias was unclear or high in most included studies (-1).
€OSCE: objective structured clinical examination.

N/A: not applicable.

9Downgraded as results were obtained from asingle small study (-1).
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Figure 3. Forest plot for the knowledge outcome (postintervention). df: degrees of freedom; IV: interval variable; random: random effects model; VR:

virtua reality.

VR Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
VR versus traditional learning
Bindoff, 2014 67 1.23 16 6.1 1.68 17 91% 0.40[-0.29, 1.09] T
Hamptan, 2010a 1445 1.22 12 135 2491 11 T.0% 0.50[-0.34,1.33] T
Hu, 2016 14.2 2.8 49 139 34 51 16.8% 0.10[-0.30,0.49] -
LeFlare, 2012 8349 15 46 75 12 47 16.0% 0.65[0.23,1.07] —
Patel, 2012 342 373 15 342 488 15  BTi% 000072077 —r
Sharma, 2013 59 10 14 44 10 14 BE% 1.46[0.61, 2.30] I
Succar, 2013 16 1.8 95 148 22 93 205% 0.60[0.30, 0.89] -
Yeung, 2012 427 105 43 41 1B 35 15.0% 0.15[-0.29, 0.60] T
Subtotal (95% CI) 290 283 100.0% 0.44 [0.18, 0.69] L 2
Heterogeneity, Tau®= 0.06; ChifF=13.62, df=7 (P=0.06), F=49%
Test for overall effect, 2= 3.36 (P = 0.0008)
VR (more interactive) versus VR
Drapkin, 2015 TOes 1749 41 61 23 32 317% 0.48[0.01, 0.95] -
Kalet, 2012 14 211 51138 1.9 50 34.3% 0.05[-0.34, 0.44] —-
Miazi, 2013 10468 3467 8 58 357 3 15.4% 1.24 015, 2.34] e —
West, 2015 1946 1.53 10 167 251 12 187% 1.27[0.33, 2.20] —
Subtotal (95% CI) 110 102 100.0% 0.60 [0.05, 1.14] L 2
Heterogeneity, Tau®=0.19; Chif=8.76, df= 3 (P=0.03), F= 66%
Test for overall effect Z= 215 (P =0.03)
VR versus other digital education
Farra, 2013 176 1.72 22 162 213 25 11.4% 0.F1[0.11,1.30] —
Fritz, 2011 143 22 30 147 24 32 126% -0.7 [F0.67, 0.33] —
Keedy, 2011 T4 3438 22 G4 3438 24 116% 0.29[-0.30, 0.87] -
Kockro, 2014 54 218 a9 51 212 80 14.9% 014 016, 0.44] T
Metzler, 2012 6.6 1.4 47 6.5 1.8 47 137% 0.06 [-0.34, 0.47] T
Michalson, 2006 124 1.7 28 9.8 1.8 29 11.4% 1.52[0.93, 2.11] —
Richardson, 2013 T2 905 40 63 10,36 49 13.3% 0.81[0.47,1.39] -
Tan, 2012 157 2 21 155 23 19 11.1% 0.09[-0.53,0.71] T
Subtotal (95% CI) 299 305 100.0% 0.43 [0.07, 0.79] <
Heterogeneity: Tau®= 0.20; Chi®= 31.26, df= 7 (P < 0.0001); F=78%
Testfor overall effect Z=233{(FP=002%

L I

Skill Outcome

A total of 12 studies (1011 participants) assessed skills as an
outcome [24,29,33,34,36,38,39,42,43,45,49,53]. Of which, 7
studies compared VR-based interventions with traditional
learning (comprising paper- or textbook-based education and
didactic lectures; 354 participants) [ 24,29,33,36,39,43,45], and
the overall pooled estimate of 4 studies showed a large
improvement in postintervention cognitive skill scores in the
intervention groups compared with the controls (SMD=1.12;
95% Cl 0.81-1.43; 1°=0%, 235 participants; large effect size;
moderate certainty evidence;, see Figure 4 and Table 1).
Additionally, 3 studies compared the effectiveness of different
types of VR on cognitive skills acquisition (190 participants)
[34,42,49]. We were able to pool the findings from 2 studies
favoring more interactive VR (SMD=0.57; 95% CI 0.19-0.94;

12=0%; moderate effect size; low certainty evidence). Two
studies compared VR with other forms of digital education on
skills, favoring the VR group (SMD=0.5; 95% CI 0.32-0.69;
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1=0%; 467 participants, moderate effect size; low certainty
evidence; see Table 2). A total of 4 studies could not beincluded
in the meta-analysis. 2 studies reported incomplete outcome
data[29,49], 1 study assessed mixed outcomes|[36], and 1 study
reported self-reported outcome data [24].

Attitude Outcome

A tota of 8 studies (762 participants) [25,30,31,38,40,43,46,50]
assessed attitude as an outcome. Of them, 2 studies comparing
V R-based interventions with traditiona learning (small group
teaching and didactic lectures; 83 participants) [30,43] reported
no difference between the groups on postintervention attitude
scores (SMD=0.19; 95% C1-0.35 to 0.73; 12=0%; moderate
certainty evidence; see Table 1). One study compared blended
learning with traditional learning (43 participants) [30] and
reported higher postinterventional attitude score (large effect
size) toward the intervention (SMD=1.11; 95% CI 0.46-1.75).
Additionally, 5 studies (636 participants) [25,38,40,46,50] that
compared VR with other digital education interventionsreported
that most of the studies had incomplete outcome data.
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Table 2. Summary of findings table: virtual reality compared with other digital education interventions.

Outcomes? Illustrative comparative risks Participants (n) Studies(n)  Quality of ~ Comments
(95% ClI) evidence
(GRADEY)

Postintervention knowledge Themean knowledge scoreinthe 608 8 Lowde 1 study (32 participants) pre-

score: measured viaMCQSs® and intervention group was 0.43 SDs sented mean change score and

questionnaires. Follow-up dura-  higher (0.07 to 0.79 higher) than favored VR group compared

tion: immediate postintervention the mean score in the other digi- with the control group [53], and

to 6 months tal education interventions 1 study (172 participants) com-
pared VR with computer-based
video (2D) and presented in-
complete outcome data [44]

Postintervention skills score: Themean skill scorein theinter- 467 2 Moderate®  N/Af

measured via scenario-based vention group was 0.5 SDs high-

skills assessment. Follow-up du-  er (0.32 to 0.69 higher) than the

ration; immediate postinterven-  mean score in the other digital

tion only education interventions

Postintervention attitude: mea=  Not estimable 21 1 Lowd9 4 studies[38,40,46,50] reported

sured via survey and question- incompl ete outcome data or

naire. Follow-up duration: imme- lacked comparable data.

diate postintervention only. Therefore, these studies were
excluded from the analysis.

Postintervention satisfaction: The mean satisfaction scorein 218 2 Lowde 2 studies [37,53] reported in-

measured viaM CQs, survey, and
questionnaire. Duration: immedi-
ate postintervention only

the intervention group was 0.2
SDs higher (—=0.71 lower to 1.11
higher) than the mean scorein
the other digital education inter-
ventions

complete outcome data or
lacked comparable data.
Therefore, these studies were
excluded from the analysis.

3patient or population: Health professionals; Settings: Universities and hospitals; Intervention: Virtual reality; Comparison: Other digital education
interventions (such as online learning, computer-based video, etc).
bGRADE (Grading of Recommendations, Assessment, Devel opment and Evaluations) Working Group grades of evidence. High quality: Further research

is very unlikely to change our confidence in the estimate of effect; Moderate quality: Further research is likely to have an important impact on our
confidence in the estimate of effect and may change the estimate; Low quality: Further research is very likely to have an important impact on our

confidence in the estimate of effect and is likely to change the estimate; and Very low quality: We are very uncertain about the estimate.

°MCQs: multiple choice questions.

dDowngraoled by 1 level for study limitations (—1): the risk of bias was unclear or high in most included studies.
€Downgraded by 1 level for inconsistency (-1): the heterogeneity between studies is high with large variations in effect and lack of overlap among

confidence intervals.
N/A: not applicable.
9Downgraded as results were obtained from asingle small study (-1).

Satisfaction Outcome

A total of 12 studies (991 participants) [24,26,29,32,33,35,
37,44,48,49,52,53] assessed satisfaction, mostly only for the
intervention group. Only 4 studies compared satisfaction in the
intervention and control groups and largely reported no
difference between the study groups.

Secondary Outcomes

Halfer et a (30 participants) [29] assessed the use of VR versus
traditional paper floor plans of the hospital to prepare nurses
for wayfinding in a new hospital building. A cost analysis
showed that a virtual hospital-based approach increased
development costs but provided increased value during
implementation by reducing staff time needed for practicing
wayfinding skills. The paper describesthat the real-world paper
floor plan approach had a development cost of US $40,000 and

http://www.jmir.org/2019/1/e12959/

the implementation cost was US $530,000, bringing the total
cost to US $570,000. In comparison, the virtual world would
cost US $220,000 for development and US $201,000 for
implementation, bringing the total to US $421,000.

Zaveri et a (32 participants) [53] assessed the effectiveness of
aVR module (Second Life, Linden Lab) inteaching preparation
and management of sedation procedures, compared with online
learning. Development of the module occurred over 2 years of
interactionswith asoftware consultant and utilized aUS $40,000
grant to create VR scenarios. Cost of the control group (online
training) was not presented, and hence, no formal comparison
was made.

No information on patient-related outcomes, behavior change,
and unintended or adverse effects of VR on the patient or the
learner were reported in any of the studies.
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Figure4. Forest plot for the skills outcome (postintervention). df: degrees of freedom; IV: interval variable; random: random effects model; VR: virtua

reality.

VR Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
VR versus traditional learning
Hung, 20145 19.5 0.B5 25 18.3 0.89 25 247% 1.41[0.79, 2.04] —
LeFlare, 2012 -7 16 46 -10.3 44 47 81.T% 0.98[0.55,1.42] -
FPatel, 2012 378 432 15 328 431 15 158% 1.131[0.35,1.81] —
Rae, 2015 3.7 0.48 7 26 1.18 g T 1.12[0.00,2.24]
Subtotal (95% CI) 93 95 100.0% 1.12 [0.81, 1.43] L 3
Heterogeneity: Tau®= 0.00; Chi*=1.21, df =3 (F=0.75); F=0%
Testfor averall effect Z=7.09 (P = 0.00001}
VR (more interactive) versus VR
Kalet, 2012 G5 16 51 56 18 50 B7E% 051 [0.11, 0.81] '.'
Migzi, 2013 308 8.04 8 223 8.04 8 124% 0.96 [-0.08, 2.02] T
Subtotal (95% CI) 59 58 100.0% 0.57 [0.19, 0.94] &
Heterogeneity: Tau®=0.00; Chi*= 063, df=1 (F=043);, F=0%
Testfor overall effect £=2.99 (P = 0.003)
VR versus other digital education
Kron, 2017 08 0.2 Mo 07 019 211 93.0% 0.51[0.32,0.71] .
Zaveri, 2016 238 205 14 2248 4.02 18 T.0% 038 [-0.32,1.09] T
Subtotal (95% CI) 224 229 100.0% 0.50 [0.32, 0.59] L 2
Heterogeneity: Tau®=0.00; Chi*=012, df=1 (F=0.73); F=0%
Testfor averall effect: £= 526 (P = 0.00001)

Discussion

Principal Findings

This systematic review assessed the effectiveness of VR
interventions for health professions education. We found
evidence showing a small improvement in knowledge and
moderate-to-large improvement in skillsin learners taking part
in VR interventions compared with traditional or other forms
of digital learning. Compared with lessinteractive interventions,
more interactive VR interventions seem to moderately improve
participants’ knowledge and skills. The findings for attitude
and satisfaction outcomes are inconclusive because of
incompl ete outcome data. None of theincluded studies reported
any patient-related outcomes, behavior change, as well as
unintended or adverse effects of the VR on the patients or the
learners. Only 2 studies assessed the cost of setup and
maintenance of the VR asasecondary outcome without making
any formal comparisons.

Overdll, the risk of bias for most studies was judged to be
unclear (because of alack of information), with some instances
of potentially high risk of attrition, reporting, and other bias
identified. The quality of the evidence ranges from low to
moderate for knowledge, skills, attitude, and satisfaction
outcomes because of the unclear and high risks of bias and
inconsistency, that is, heterogeneity in study results as well as
intypesof participants, interventions, and outcome measurement
instruments [54].

The fact that no included studies were published before 2005
suggeststhat VR isan emerging educational strategy, attracting
increasing levels of interest. The included studies were mainly
conducted among doctors, nurses, and students pursuing their
medical degree. Limited studies on pharmacists, dentists, and

http://www.jmir.org/2019/1/e12959/
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other alied health professionals suggest moreresearch isneeded
on the use of VR among these groups of health professionals.
Additionally, the mgjority of interventions studied were not part
of aregular curriculum and none of the studies mentioned the
use of learning theories to design the V R-based intervention or
develop clinical competencies. This is an important aspect of
designing any curriculum, and hence, applicability of the
included studies might only be limited to their current setting
and may not be generalizable to other geographic or
socioeconomic backgrounds. Furthermore, most studies
evaluated participants’ knowledge, and skills assessed may not
translate directly into clinical competencies.

Although the included studies encompassed a range of
participants and interventions, a lack of consistent
methodological approach and studies conducted in any one
health care discipline makesit difficult to draw any meaningful
conclusions. There is also a distinct lack of data from low- or
middle-income countries, which reduces applicability to those
contexts that are most in need of innovative educationa
strategies. In addition, only 2 studies assessed the cost of setup
and maintenance of the VR-based intervention, whereas none
of the included studies assessed cost-effectiveness. Thus, no
conclusions regarding costing and cost-effectiveness can be
made at this point either. There was also alack of information
on patient-related outcomes, behavior change, and unintended
or adverse effects of VR on the patients as well as the learner,
which needs to be addressed.

Majority of the included studies assessed the effectiveness of
nonimmersive VR, and there is a need to explore more on the
effects of VR with different level of immersion as well as
interactivity on the outcomes of interest. In our review, most
of the studies assessing attitude and satisfaction outcomes
reported incomplete outcome or incomparable outcome data,
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and there is a need for primary studies focusing on these
outcomes. Finally, there is a need to standardize the methods
for reporting meaningful and the most accurate data on the
outcomes as most of the included studies reported
postintervention mean scores rather than change scores on the
outcomes, which limits the accuracy of the findings for the
reported outcomes.

Strengths and Limitations

Our review provides the most up-to-date evidence on the
effectiveness of different types of VR in health professions
education. We conducted a comprehensive search across
different databases including gray literature sources and
followed the Cochrane gold standard methodology while
conducting this systematic review. Our review also has several
limitations. The included studies largely reported
postintervention data, so we could not calculate pre- to
postintervention change or ascertain whether the intervention

Kyaw et a

groups were matched at baseline for key characteristics and
outcome measure scores. We were also unable to perform the
prespecified subgroup analysis because of limited datafrom the
primary studies.

Conclusions

Asan emerging and versatile technology, VR has the potential
to transform health professions education. Our findings show
that when compared with traditional education or other types
of digital education, such asonline or offline digital education,
VR may improve postintervention knowledge and skills. VR
with higher interactivity showed more effectiveness compared
with less interactive VR for postintervention knowledge and
skill outcomes. Further research should evaluate the
effectiveness of more immersive and interactive forms of VR
in avariety of settings and evaluate outcomes such as attitude,
satisfaction, untoward effects of VR, cost-effectiveness, and
changein clinical practice or behavior.
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