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Abstract

Background: Immersive virtua reality (IVR) applications are gaining popularity in health care education. They provide an
uninterrupted, scaled environment capabl e of simulating the full magnitude of sensory stimuli present in busy health care settings
and increase students' competence and confidence by providing them with accessible and repeatable learning opportunitiesin a
fail-safe environment.

Objective: This systematic review aimed to evaluate the effects of VR teaching on the learning outcomes and experiences of
undergraduate health care students compared with other teaching methods.

Methods: MEDLINE, Embase, PubMed, and Scopus were searched (last search on May 2022) for randomized controlled trials
(RCT¢) or quasi-experimental studies published in English between January 2000 and March 2022. The inclusion criteria were
studies involving undergraduate students majoring in health care, VR teaching, and evaluations of students’ learning outcomes
and experiences. The methodological validity of the studies was examined using the Joanna Briggs I nstitute standard critical
appraisal instrumentsfor RCTs or quasi-experimental studies. The findings were synthesized without a meta-analysis using vote
counting as the synthesis metric. A binomial test with P<.05 was used to test for statistical significance using SPSS (version 28;
IBM Corp). The overal quality of evidence was evaluated using the Grading of Recommendations Assessment, Devel opment,
and Evaluation tool.

Results: A total of 17 articlesfrom 16 studiestotaling 1787 participants conducted between 2007 and 2021 were included. The
undergraduate studentsin the studies majored in medicine, nursing, rehabilitation, pharmacy, biomedicine, radiography, audiology,
or stomatology. The IVR teaching domains included procedural training (13/16, 81%), anatomical knowledge (2/16, 12%), and
orientation to the operating room setting (1/16, 6%). The quality of the 75% (12/16) of RCT studies was poor, with unclear
descriptions of randomization, allocation concealment, and outcome assessor blinding procedures. The overall risk of bias was
relatively low in the 25% (4/16) of quasi-experimental studies. A vote count showed that 60% (9/15; 95% Cl 16.3%-67.7%;
P=.61) of the studies identified similar learning outcomes between IVR teaching and other teaching approaches regardless of
teaching domains. The vote count showed that 62% (8/13) of the studies favored using IVR as a teaching medium. The results
of the binomial test (95% Cl 34.9%-90%; P=.59) did not show a statistically significant difference. Low-level evidence was
identified based on the Grading of Recommendations Assessment, Devel opment, and Evaluation tool.

Conclusions: This review found that undergraduate students had positive learning outcomes and experiences after engaging
with IV R teaching, although the effects may be similar to those of other forms of virtual reality or conventional teaching methods.
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Given the identification of risk of bias and low level of the overall evidence, more studies with a larger sample size and robust

study design are required to evaluate the effects of VR teaching.
International prospective register of systematic reviews (PROSPERO) CRD42022313706;

Trial Registration:

https://www.crd.york.ac.uk/prospero/display_record.php?RecordlD=313706

(J Med Internet Res 2023;25:€39989) doi: 10.2196/39989
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Introduction

Background

Clinical competency isessential for al health care professionals.
Health care students, particularly undergraduate students with
limited clinical experience, must incorporate theoriesinto their
skills with a good professional attitude to attain clinical
competency. In addition to conventional classroom teaching
for theoretical knowledge inputs and laboratory skill practice,
the clinical practicum is crucial in undergraduate health care
education to develop the clinical competency of students [1].
However, clinically based degree programs such as medicine,
nursing, and physiotherapy are facing faculty shortages and
increasing demands on clinical venues for student clinical
placements [2]. In addition, clinical practicums for
undergraduate health care students have been suspended in
many countries because of the COVID-19 pandemic, further
diminishing learning opportunities for students [3]. Therefore,
there is an ongoing need for accessible, cost-effective, and
high-quality methods of education to overcome these resource
limitations [2].

Simulation-based learning is useful for teaching in all domains
(ie, knowledge, skills, and attitudes) relevant to the education
of health professionals [4]. It is a well-applied teaching and
learning strategy [5] for increasing training opportunities and
enhancing learning efficiency [6]. Simulation-based learning
facilitates a deeper understanding of theoretical knowledge,
relationships between different concepts, advanced inquiry,
problem-solving, and decision-making [7]. It allows health care
students to practice procedural skills without compromising
patient safety and improves the quality of their patient care [8].
Many studies have shown that simulation-based learning
effectively advances students competencies in acquiring
diagnostic and psychomotor skills [9,10]. However, it is not
aimed at replacing the clinical practicum but at better engaging
and preparing students for it.

Immersive virtual redlity (IVR) applications for
simulation-based training are gaining popularity in health care
professional education [2,11]. They provide an immersive
learning experience with afirst-person viewpoint in a3D virtual
environment supported by head-mounted displays or Cave
Automatic Virtual Environments (room-sized cubevirtua reality
[VR] environments) [12,13]. They provide direct sensory
feedback or reactions to users based on their physical actions.

Compared with nonimmersive VR (such as computer-based
simulation games) or other forms of traditional simulation-based
training (such as skill laboratories using mannequins and

https://www.jmir.org/2023/1/€39989

simulators), only 1VR provides learners with the perception of
being physically present in a synthetic world [14]. It provides
an uninterrupted, scaled environment capable of simulating the
full magnitude of sensory stimuli present in busy health care
settings such as operating rooms, emergency departments, and
surgical or medical wards [11]. Owing to the uniquely high
level of immersion that IVR offers, students can practice a
particular procedure or rehearse a specific action with a high
level of physical and psychological fidelity, with immediate
and standardized feedback provided corresponding to the users
actions. IVR can increase the competence and confidence of
students by providing them with accessible and repeatable
learning opportunities in a fail-safe environment [2].

The COVID-19 pandemic has led to a paradigm shift in all
clinically based undergraduate programs, prompting adaptations
through better use of educational technology, in which IVR is
a promising aternative [15]. It is believed that the use of
IVR-based simulation learning in health care professional
training will persist beyond the pandemic[16]. A small number
of systematic reviews have reported the efficacy of VR-based
simulation learning in improving the knowledge and skill
competence of students compared with conventional
simulation-based training [1,17,18]. However, the learning
approaches included in these reviews were mainly non-1IVR
approaches. Recently, a systematic review of 17 studies
involving 307 surgical traineesreported significantly improved
procedural completion timesand greater postintervention scores
on procedural checklists compared with conventional teaching
methods such aswatching standardized surgical training videos
[11]. As previoudy mentioned, simulation-based learning,
including the use of IVR, should be useful for learning in
different domains (knowledge, skills, and attitudes) [4].
However, the extent to which IVR applications are used for
teaching in different learning domains and their effectiveness
in undergraduate health care professional education remain
unknown [2].

Objectives

Therefore, the aim of this review was to evaluate the effects of
IVR applications in improving the learning outcomes and
experiences of undergraduate health care students compared
with other teaching methods. Two review questions were
devised: (1) What are the effects of IVR applications on
improving students’ learning outcomes in different teaching
domains (such as knowledge, skills, and attitudes) compared
with other teaching methods? (2) What are the effects of IVR
applications on enhancing the learning experiences of students
(such astheir level of satisfaction, perception of IVR innovation,
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and self-perceived competence and confidence) compared with
other teaching methods?

Methods

This systematic review was conducted following the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses, Multimedia Appendix 1) [19] and SWiM

Liuetd

(Synthesis Without Meta-analysis) [20] guidelines. Thereview
protocol was registered in PROSPERO (CRD42022313706).

Eligibility Criteria
We used the Population, Intervention, Comparison, Outcome,

and Study Design (PICOS) structure to define the eligibility
criteria (Textbox 1).

Textbox 1. Inclusion and exclusion criteria.

. Inclusion criteria

« Exclusion criteria

Population: the participants were undergraduate students majoring in professional health care fields such as medicine, nursing, and
physiotherapy who were included without regard to sex or race.

Intervention: the teaching methods used in the studies focused on immersive virtua redlity (IVR) applications using either fully
immersive 360° 1V R, such as head-mounted display products, or Cave Automatic Virtual Environment systems, suchasHTC VIVE, Samsung
Oculus Rift, or other similar programs.

Comparison: we aimed to determine whether other teaching methods would have similar effectsto | VR applications in professional health
care education. For the purpose of comparison, we classified the different teaching methods into either active or passive comparison groups.
The active comparison groups included other forms of simulation-based training such as nonimmersive virtual reality (VR), computer
screen-based simulators, and real patient simulation. The passive control groups included mainly conventional teaching methods such as
face-to-face lectures, tutorial classes, role-play, and reading materials.

Outcome: we determined the effects of VR applications on the learning outcomes (ie, the primary outcome) and experiences (ie, the
secondary outcome) of students. The primary outcome refers to the change in the students’ theoretical knowledge and procedural skills, as
reflected by any form of written examination or clinical skills such as communication skills, completion time, and error rate in a specific
clinical procedure. The secondary outcome was the students’ learning experience, as assessed by their satisfaction levels, perception of IVR
innovations, and self-perceived competence and confidence after receiving IVR.

Study design: this review included randomized controlled trials and quasi-experimental studies published in English between January 2000
and March 2022 as I VR technology has developed enough to be used in health education since 2000 [17].

Studies were excluded if their target population was postgraduate health care students or students of other subjects unrelated to health care.
Studiesthat involved only other forms of VR, such asnonimmersive VR, or other types of simulation-based technologies, such as augmented

reality and manikins, were excluded. Pilot and feasibility studies were also excluded.

Information Sources

A combination of Medical Subject Headings and free-text terms
was used to search through 4 databases, namely, MEDLINE,
Embase, PubMed, and Scopus, for potentially relevant abstracts.
In addition, hand searches were conducted by reviewing the
reference lists of all papers selected for inclusion in thisreview
from the el ectronic databases, Google Scholar, and hard copies
in university libraries to identify any articles missed by the
database search. An alert for updated articles in each database
was set to avoid missing potential up-to-date studies.

Search Strategy

Search strategies were developed according to the 2 primary
concepts of this review: the use of IVR applications in health
professional undergraduate education and their effectivenessin
enhancing the learning outcomes and experiences of students.
To identify studies that used 1VR applications, we used search
terms such as “Immersive Virtual Redlity” or “Simulated
environment” and “Simulation” and “Heathcare” and
“Students’ or “Undergraduates’ or “Trainees’ (Multimedia
Appendix 2). These terms were revised appropriately for
different databases.

https://www.jmir.org/2023/1/€39989

Selection Process

The search resultswereimported into the EndNote bibliographic
software (version 20; Clarivate Analytics), and duplicate studies
were removed. The titles and abstracts of all the identified
studies were screened independently by 2 researchers (JY WL
and YHY) to identify potentially relevant papers based on the
review criteria. Both researchers compared the preliminary
results of the review to reach an agreement. Full-text articles
were then obtained and screened independently. Any
disagreements between the reviewerswere then discussed among
the members of the research team to reach a consensus.

Data Collection Process and Data | tems

A specific data extraction matrix was created to collect
information from each included study, including the author,
year, title, country of origin, demographic data of the
participants (age, sex, and type of health profession),
methodological data (aims of the study, sample size, study
design, educationa innovation, and comparison groups), and
outcome data (primary outcome, eg, examination scores,
secondary outcome, eg, self-perceived competence and
confidence). If any original study had been published in more
than one paper, the information was extracted as 1 study based
on the study protocol number. The authors of the primary studies
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were contacted when clarifications were required or if any
information was missing. Data extraction was conducted
independently by the same 2 researchers. Once complete, the
resultswere compared, and discrepancieswere resolved through
discussion. A final extraction table was devel oped.

Study Risk-of-Bias Assessment

The studies selected for thisreview were independently assessed
for methodological validity by the reviewers involved in their
selection using the Joanna Briggs Institute (JBI; University of
Adelaide, Australia) standard critical appraisal instruments for
randomized controlled trials (RCTS) or quasi-experimental
studies.

We assessed the included RCTs based on the following 12
appraisal items. methods of randomi zation; treatment all ocation
and concealment; similarity of characteristics between groups
at basdline; blinding proceduresfor participants, interventionists,
and outcome assessors; whether the comparison groups were
treated identically other than in the intervention of interest (ie,
IVR applications); completeness of the follow-up (ie, if there
was any bias because of missing data); consistency and
reliability of the outcome measurements; and appropriateness
of the statistical analysis and trial design (JBI). For example,
to determine if there were any biases because of missing data,
we checked whether there were differences between groups
with regard to the loss to follow-up (humbers or proportions,
reasons, any analysis of patterns of lossto follow-up, and their
impact on the interna validity of the study). We assessed the
included quasi-experimental studies based on the following 9
appraisal items: clarity of dependent and independent variables,
similarity of characteristics between groups at baseline, whether
comparison groups were treated identically other than in the
intervention of interest (ie, VR applications), any comparison
group, any pre- and postoutcome measurements, completeness
of the follow-up (ie, whether there was any bias because of
missing data), consistency and reliability of the outcome
measurements, and appropriateness of the statistical analysis.

Working independently to assess for risk of bias, the same 2
assessorsrated each item as yes, no, unclear, or not applicable.
Any disagreements on the results of the bias assessment were
then reviewed and discussed by the research team until a
consensus was reached.

The aim of this assessment of the risk of bias was to determine
the quality of each study. However, the risk of bias was not
used as a criterion for the inclusion of astudy in thisreview. A
trial wasjudged to be at alow risk of biasoverall when all items
were rated as yes. Conversely, a study was judged to be at a
high risk of biaswhen it reported on a procedure that could be
judged asbeing ano or unclear in any item. Owing to the nature
of the intervention, it was impossible to blind the participants;
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thus, we did not include the blinding proceduresfor participants
item when determining a study’s overall risk of bias[21].

Synthesis M ethods

Criteriafor Grouping Studies

Following the review questions, studies for synthesis were
grouped according to the study outcomes (ie, learning outcomes
for research question 1 and learning experience for research
guestion 2). In addition, studieswith the sameteaching domains
(ie, procedural skills vs theoretical knowledge) were grouped
for the analysis of the 2 outcomes.

Standardized and Synthesis Metrics and Method

The direction of the effects (Ilearning outcomes and learning
experiences) was used as the standardized metric as there was
a lack of precision, which was specific to the effects of the
intervention (I'VR teaching) and control on the results presented
by different studies. This did not allow for the calculation of
summary statistics [22]. In addition, the clinica and
methodological characteristics (such as populations, intervention
components, and the choice of outcome measurements and study
designs) of each study were used to evaluate the heterogeneity
based on the Cochrane Handbook for Systematic Reviews of
Interventions [23]. The included studies were highly
heterogeneous, with diverse teaching aims and outcome
assessments to fit the needs of students from different health
care professions. Different IVR features were adopted, with
different frequencies and durations. In addition, most of the
included studies were rated as having a high risk of bias. Asa
result, we felt that it was not appropriate to conduct a
meta-analysis. Therefore, vote counting was the best match for
synthesizing the results. A binomial test using SPSS (version
28; IBM Corp) was used to indicate whether there was evidence
of an effect [23]. The quality of the evidence generated by
different studies was assessed using the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) tool [24].

Results

Search Results

A total of 982 articles were found by searching the databases;
after the removal of duplicates (n=344, 35%), 638 (65%) were
left. After screening the titles and abstracts, 72.6% (463/638)
of the articles were excluded, leaving 175 to be retrieved for a
full-text screening. Following the full-text screening, a further
90.9% (159/175) of the articles were excluded, leaving 17
articles [25-41]. Of the 17 articles, 2 (12%) [31,32] were from
the same study. Therefore, atotal of 16 studies were included
in this systematic review. Details of the selection process and
the reasons for the exclusion of articles are presented in the
PRISMA flowchart (Figure 1).
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flowchart of the literature screening process. IVR: immersive

virtual reality; RCT: randomized controlled trial.
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Study Char acteristics

The characteristics of the included studies are shown in Table
1. The 16 studies were conducted between 2007 and 2021. An
RCT design was adopted in 75% (12/16) of the studies
[25,26,28-30,32-34,36-38,40], and aquasi-experimental design
was adopted in 25% (4/16) of the studies [27,35,39,41]. All 12
RCTs were 2-armed, among which were 8% (1/12) [26] that
had a crossover design. Of the 4 quasi-experimental trials, 1
(25%) [39] was a 4-armed study, 1 (25%) [27] was a 3-armed
study, and the other 2 (50%) were 2-armed studies [35,41].

A total of 1787 participants were involved in the included
studies, with the number ranging from 25 to 289 in the RCTs
and from 29 to 197 in the quasi-experimental studies. In total,
44% (7/16) of the studiesinvolved sample sizes of <60. Female
students accounted for 71.73%, with 25% (4/16) of the studies
[25,32,35,39] not disclosing the sex distribution. The participants

https://www.jmir.org/2023/1/€39989
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ranged in age from 19 to 35 years, whereas the age distribution
was not discussed in 25% (4/16) of the studies [25,29,32,39].
The types of participants included undergraduate students
majoring in medicine, nursing, rehabilitation, pharmacy,
biomedicine, radiography, audiology, or stomatology.

IVR teaching was compared with other forms of VR such as
desktop-based VR (ig, the active control) in 25% (4/16) of the
studies [25,26,28,32]. In 50% (8/16) of the studies
[29,30,34-38,40], 1V R teaching was compared with conventiona
teaching methods such as verba didactic instruction and
hard-copy teaching materias (ie, the passive contral). In total,
12% (2/16) of the studies [27,39] used passive and active
controls. A total of 6% (1/16) of the studies [33] adopted
role-play, and another study (1/16, 6%) [41] used a clinical
practicum astheir comparison group. Theseteaching approaches
did not involve any use of VR, and we considered the role-play
and clinical practicum groups as passive controls.
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Table 1. Characteristics of the included studies (N=16).
Author, Design  Samplesize(per- Age Participants | ntervention (IVR®) Comparator Side effects
year, and centageof femae (years)
country participants), N
Gutiérrez-  2-armed  Tqt4- 52 (NIAS): N/A Undergraduate «  Traninginsmulateddiagnoss «  Traininginsimu-  N/A
Madonado RcTP EG% 26: CGE 26 students (with- tic interview techniques for |ated diagnostic
eta [25], e ’ out a specific eating disorderswithan IVR interview tech-
2015, discipline) application niques for eating
Spain o Number of IVR sessions: 1 disorders with a
o Duration: adlow studentsto desktop-based
complete the task VRS
«  Otherteaching: abasic expla- Active control
nation by a professor before
IVR
«  Teaching domain: procedural
skills
Harrington 2-armed  Total: 40 (50); 23 Preclinicaun- «  Watchingal10-minutelaparo- Watching a 10- Self-reported
eta crossover EG: 20; CG: 20 dergraduate scopic cholecystectomy oper- minutelaparoscop-  levels of
[26,42], RCT students ationwitha360° video using ic cholecystecto-  nauseawere
2018, Ire- (medicine, thelVR my operation low (0.7 out
land physical thera- . videoin 2D for-  of 10) but
py, pharmacy, ° Nurmber of IVR sessions: 1 mat ona75-inch  varied sub-
) ; e  Duration: 10 minutes . -
and biomedi- . LEDY tdlevison  Stantially
cal sciences) © Other teaching: none Active control from0to 8
o Teaching domain: procedural ;
. among partic-
skills ipants.
Smithetal Quasi-ex- Total: 197(88.2); 18-25 Senior bac- o  Traningintheskill of decon- Training in the None
[27],2018, perimen- EG: 59; active (73.3%); caaureate-de- tamination with IVR simula- same skillswith a
United tal trial CG: 58; passive  26-34 gree nursing tion using an HMD" casescenarioinan
States CG: 55 (15.5%); students emergency depart-
35-50 . Number of IVR sessions. 1 ment room and
(11.2%) o  Duration: alow studentsto featuring a patient
complete the task on astretcher,
o Other teaching: 30-minute with available per-
web-based video module to sonal protective
explain the skills equipment and
«  Teaching domain: procedural tools
skills Active CG: PC
and keyboard or
mouse
Passive CG: writ-
ten instructions
Zackoff et 2-armed  Total: 168 (48.8); 20-24 Year-3medi- «  Inaddition to receiving the Receiving a 60- None
a [28], RCT EG: 78; CG: 90  (34.5%); cal students same 60-minute training ses- minute session
2020, Unit- 25-29 sion asin the CG, partici- consisting of ver-
ed States (60.1%); pants received a 30-minute bal didacticinstruc-
30-34 IVR curriculumwith 3simu- tionswith asubse-
(4.2%); lations of an infant from no quent high-fidelity
35-39 distress to respiratory failure mannequinsimula:
0, i iCc-
(06%) o Number of IVR sessions: 1 itl;)ar:]tt(;tr:a;clvhtréa’tlc
e  Duration: 3Q mlnut_e_s _ identify infants
o  Other tegch_l ng: faq litation with respiratory
and debriefing dgrlng and af - distress and failure
ter the IVR tutoria Active control

Teaching domain: procedura
skills
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Author, Design  Samplesize(per- Age Participants | ntervention (IVR®) Comparator Side effects
year, and centageof femae (years)
country participants), N
Franciset 2-armed  Total: 52 (89); <23 Year-2preclin- «  Attending a5-minute IVR Attending atradi- N/A
a [29], RCT EG: 26; CG: 26  (40.4%); ical physician experience in the simulated tional lecture on
2020, Unit- >24 assistant stu- operating room with severa orientation to surgi-
ed States (59.6%)  dents distinct scenarios. The IVR cal operating room

operating room scenario was settings
viewed with a stand-alone Passive control
untethered all-in-one VR
headset.
o Number of IVR sessions: 1
o Duration: 5 minutes
«  Other teaching: none
«  Teaching domain: orientation
Kurul eta 2-armed Total: 72 (72.2); 19 Year-1physi- «  Learning head and neck re- Attending a 30- Vision dis-
[30], 2020, RCT EG: 36; CG: 36 cal therapy gion anatomy for 30 minutes minute presenta-  comfort
Turkey students with IVR tion of imagesof  (n=7), eye-
L the head and neck  strain (n=6),
¢ gumper OI;BVR sessions: 1 region, use of and general
: uration: 30 minuites computer-based  discomfort
o Other teaching: none VR (n=6)
«  Teaching domain: theoretical Passive control
knowledge
Gutiérrez  2-armed  Total: 25 (N/A);  N/A Year-1 medi- «  Practicing how to conduct a Practicinghow to  None
etd [32], RCT EG: 13; CG: 12 cal students physical examination on a conduct aphysical
2007, and patient with traumatic head examination on a
Pierceet a injury in an IVR environ- patient with trau-
[31], 2008, ment, which was displayed matic head injury
United with an HMD by using acomput-
States . er screen and
: gumper 0f3:)VR sessions: 1 mouse to rotate
: O;Jr:atlon. h minutes a the viewpoint,
. ther teaching: instruction then using thejoy-
video onusing VR equipment :
d head ini of stick to perform a
an e injury reference physical examina-
materials tion of the head
«  Teaching domain: procedural injury
sills Active control
Sapkaroski 2-armed  Total: 76 (75); 21 Radiography «  Practicing how to position a Practicing how to  None
etal [33], RCT EG: 38; CG: 38 students virtual avatar patient for pal position the pa-
t22]1.9' Aus- imaging of the left hand by _"entff?r: F;Aefltrr?ag(_j
raia . j - ing of the an
using CESTOL' VR Clinic using conventional
o Number of IVR sessions: 1 clinical role-play
«  Duration: allow students to inthex-ray labora-
complete the task tory '
«  Other teaching: hand imaging Passive control
lesson
o  Teaching domain: procedural
skills
Stepaneta 2-armed  Total: 66 (50); 21-25 Year-1 and »  Learning neuroanatomy with Independently None
[34],2017, RCT EG: 33, CG: 33 (89.4%); year-2 medi- al10-minute VR model using studying neu-
United 26-30 cal students an HMD roanatomy using
States (9.1%); N web-based text-
31-35 : gumper Ofli)VR sessions: 1 books containing
(1.5%) - Duration: 10 minutes texts and 2D im-

Other teaching: 10-minute
internet-based introductory
lecture

Teaching domain: theoretical
knowledge

ages for 20 min-
utes
Passive control
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Author, Design  Samplesize(per- Age Participants | ntervention (IVR®) Comparator Side effects
year, and centageof femae (years)
country participants), N
Bakhoset Crossover Total: 29 (N/A);  EG: 22;  Year-laudiol- Receivinga3-hour IVRau- «  Receiving a3- None
a [35], guasi-ex- EG:15;CG: 14 CG:20 ogy students diometry training session on hour audiometry
2020, perimen- (without begin- 3clinical cases(ie, presbycu- training session
France tal trial ning anintern- Sis, vestibular schwannoma, supervised by a

ship) and sudden idiopathic deaf- teacher on basic
ness). The audiometric diag- audiometry princi-
nosis and management were plesand practicing
evaluated for each case, and audiometry tech-
areport was generated that niques for differ-
summarized the errorsduring ent clinical cases
the evaluation. «  Passive control
Number of IVR sessions: 3
cases
Duration: 30 minutes per case
Other teaching: 20 minutes
introducing the system and
debriefing
Teaching domain: procedura
skills
Chaoeta 2-armed Tota: 45(86.7); 24 Nursing stu- Learning NG tubefeeding « Learningthesame A total of 5
[36],2021, RCT EG: 22; CG: 23 dents (aged skills through a 20-minute skills by watching  students
Taiwan =20 years) IVR video program the NG tube feed-  (23%) report-
who had never Lo ing demonstration ed feeling
acquired the Nurmber of IVR sessions: 1 DVD video dlightly
i k Duration: 2(.) minutes «  Passive control dizzy, but
skillsof NG Other teaching: none this did not
tube feeding Teaching domain: procedural affect thair
skills ability to
watch the
video.
Bergand 2-armed  Total: 289 (78.5); <20 Year-1 medi- Self-practicing the ABCDE' + Sdf-practicingthe N/A
Steinsbekk RCT EG: 149; CG: (23.8%); cal and nurs- approach in an IVR environ- ABCDE approach
[37], 2020, 140 20-24 ing students ment for assessing and man- with traditional
Norway (64.6%); (who had aging patientswho were crit- equipment after
>25 started their ically ill or injured. All prac- receiving a 1-hour
(11.6%)  studiesno lat- tice attemptswere carried out teaching session,
er than 2 onavirtual patient using vir- which included a
months before tual equipment in the IVR 15-minute intro-
this study) environment. duction, 20 min-
utes of individual
Number of VR sessions: for practice, and 15
self-practicing, did not men- minutes of testing.
tion how many times the stu- All participants
dents could practice watched a 7-
Duration: allow studentsto minute introduc-
complete the task tion video about
Other teaching: same as the the ABCDE ap-
comparator group except that proach. They re-
they used traditional equip- ceived a printed
ment to practice the skills sheet with pictures
Teaching domain: procedural of the equipment
skills along with simple
instructions on its
technical use.
«  Passive control
Bergand  2-armed  Total: 289 (84.6); <20 N/A
Steinshekk RCT EG: 146; CG: (29.6%);
[38], 2021, 143 20-24
Norway (59.3%);
>25
(11.1%)
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Author, Design  Samplesize(per- Age Participants | ntervention (IVR®) Comparator Side effects
year, and centageof femae (years)
country participants), N
Year-1 medi- Group practicinginthel[VR «  Group practicing
cal and nurs- platform in avirtual patient with physical
ing students room using the ABCDE ap- equipment using
(who had proach to immediately assess the ABCDE ap-
started their and treat patients who were proach, receiving
studies no lat- criticaly ill or injured aprinted sheet
er than 2 Number of IVR sessions: 1 with pictures of
monthsbefore . the equipment
this study) Duration: allow students to along with simple
completethe task instructions on its
Other teechln_g: 6-mi r_lutelec— technical use
ture and 7-m| nut_e skill- «  Passive control
demonstration video
Teaching domain: procedura
skills
Collagoet Quasi-ex- Tota: 163 (N/A); N/A Clinical dental «  Receiving dental anesthesa «  NP: received non- Most report-
al [39], perimen-  f1|- 42: NP™ 40 students skill training through an IVR immersive VR in  edexperienc-
2021, tal trial NT™ 40 NHO- 41 application using an HMD. the preceptorship  ing no side
Brazil T : Thetraining wasdivided into phasebut IVRin  effects
2 phases:. preceptorship and thetraining phase. (87%) and
training. e« NT:received IVR *“dight”
. inthe preceptor-  (9%), “mod-
o Number of IVR sessions: 2 ship phase but erate” (3%),
«  Duration: did not mention nonimmersiveVR  and “severe”
«  Other teaching: none inthetraining (1%) symp-
Teaching domain: procedural phase. toms.
kills e NH: received non-
immersive VR in
both phases.
«  When under non-
immersive condi-
tions, the partici-
pants visualized
the preceptorship
or performed the
training by watch-
ing atelevision
screen.
«  Both passive and
active controls
Roset a 2-armed  Total: 173(52); N/A Year-4 medi- Learningamedical procedure «  Reading only the  N/A
[40], 2020, RCT EG: 85; CG: 88 cal students(2 (ie, external ventricular technical note for
France years before drainage) through a 7-minute 7 minutes, which
residency) IVR displayed on an HMD described the pro-
Number of IVR sessions: 1 S:l:rriiz?;r@(tand
Duration: 7 minutes drainage
Other teaching: readingthe =  Passive control
technical note about this pro-
cedure
Teaching domain: procedura
skills
Yueta Quasi-ex- Total: 51 (92); 224 Senior nursing .  Having routine N/A
[41], 2021, perimen- EG: 26; CG: 25 students clinical practicein
Korea tal trial aneonatal inten-

sive care unit
. Passive control
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Author, Design Samplesize(per- Age Participants
year, and centageof femae (years)
country participants), N

Comparator Side effects

Intervention (IVR?)

«  Learning high-risk neonatal
infection control skillswith
3 scenariosusing an IVR
simulation program plus
clinical routine practice asthe
CG

o Number of IVR sessions: 1

o Duration: alow students to
complete the task

o Other teaching: prebriefing
and debriefing before and af -
ter the IVR simulation

«  Teaching domain: procedural
skills

&VR: immersive virtual reality.

BRCT: randomized controlled trial.

°N/A: not applicable.

deG: experimental group.

€CG: control group.

VR: virtual reality.

9LED: light-emitting diode.

PHMD: head-mounted display.

iPA: posterior-anterior.

ICESTOL: Clinical Education Traini ng Solution.
KNG: nasogastric.

|ABCDE: airways, breathing, circulation, disability, exposure.
MNP: nonpreceptorship.

"NT: nontraining.

ONH: nonhaptic feedback.

IVR Teaching Characteristics

A total of 81% (13/16) of the studies used IVR to train students
inskills, including in techniquesfor diagnosing eating disorders
[25] and respiratory distress in infants [28], laparoscopic
cholecystectomy [26], decontamination skills [27], physical
examinations for patients with traumatic head injuries [32],
correct positioning for x-ray imaging [33], audiometry
techniques [35], nasogastric tube feeding [36], immediate
assessment and treatment of patients who are critically ill
[37,38], dental anesthesia skills [39], external ventricular
drainage [40], and neonatal infection control [41]. Only in 12%
(2/16) of the studieswas VR used to teach students anatomi cal
knowledge [30,43], whereas in 6% (1/16) of the studies, IVR
was used to orient the students to the setting of the surgical
operating room [29].

Most studies (12/16, 75%) featured only asingle VR experience
for the students. The exceptions were the study by Bakhos et
al [35], which had 3 different IVR cases, and the study by
Collago et a [39], who provided 2 1VR training episodes. Berg
and Steinsbekk [37,38] allowed students to self-practice the
skills but did not mention the number of sessions. The duration
for students to experience IVR learning was typically short,
ranging from 5 to 30 minutes in 56% (9/16) of the studies. In
total, 38% (6/16) of the studies [25,27,33,37,38,41] alowed

https://www.jmir.org/2023/1/€39989

students to be exposed to IVR environments as long as they
needed to complete the specific tasks or procedures. A total of
6% (1/16) of the studies [39] did not state the exact duration of
the students’ 1VR learning session.

ThelVR products used in theincluded studieswere Oculus VR,
Samsung Gear VR, Clinical Education Training Solution VR
Clinic, HTC VIVE, and a university-created platform.

Side effects were reported in 25% (4/16) of the studies. Nearly
half of the students in the study by Kurul et a [30] reported
different forms of glight discomfort (ie, vision discomfort,
eyestrain, and general discomfort). In the study by Chao et a
[36], 23% of the students reported feeling dlightly dizzy, but
this did not affect their viewing activities. In contrast, most
students in another 12% (2/16) of the studies [26,39] did not
experience any side effects.

Theoretical Frameworks

Learning theory providesaframework to guide the devel opment
of teaching activitiesto help studentsimbibe, process, and retain
the knowledge and skills that they have learned [44,45]. When
applied to educational VR, alearning theory should provide a
pedagogica framework and foundation for designing
IVR-related teaching and learning strategies. However, most
of the included studies (15/16, 94%) did not mention any
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theoretical approaches underpinning the development of 1VR
teaching. The exception was the study by Smith et al [27], who
used the National League for Nurses Jeffries Simulation Theory
[46] as their theoretical basis to guide the design of their
teaching innovation. Most studies (15/16, 94%) supplemented
the IVR lessons and tutorials by providing additiona
pedagogical practices or materials to encourage learning. In
total, 25% (4/16) of the studies [27,32,34,37] included
web-based modules and reading materials in addition to the
IVR experience. The provision of either introduction or
prebriefing or debriefing sessions before and after IVR learning
was mentioned in 44% (7/16) of the studies
[25,28,33,35,38,40,41]. A total of 31% (5/16) of the studies
[26,29,30,36,39] used VR as the sole method of learning.

Risk-of -Bias Assessments

Among theincluded RCTs, arisk of biaswasidentified in most
domains, with the exception of the domains Q7, Q8, and Q10
to Q13 (Table 2). Only 25% (3/12) of the studies [26,28,37,38]
gave clear details on the randomization procedure, whereas
other studies simply briefly stated that the design was
randomized without providing further information. Allocation

https://www.jmir.org/2023/1/€39989
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concea ment was not implemented or was unclear in 75% (9/12)
of the studies [25,26,28-30,32,34,36,40]. In total, 33% (4/12)
of the studies [25,26,33,40] did not report the baseline
comparison between the groups, and in 8% (1/12) of the studies
[38], there were differences in age and practical experience
between the groups. The blinding of participants, intervention
providers, and outcome assessors was another major concern
with the RCTs. In none of the studies were the participants
blinded, and in only 17% (2/12) of the studies[37,38] were both
the assessors and intervention providers blinded. Among all 16
evaluated items in the JBI checklist, there were 25% (3/12) of
the studiesin which 1 to 3 items were viewed as having a low
risk of bias and 75% (9/12) of the studiesin which 4 to 6 items
were viewed as having a moderate risk of bias (Figure 2).

For the quasi-experimental studies, the overall risk of bias was
low (Table 3). However, in 25% (1/4) of the studies [27], 13%
of the participantsfailed to complete al thetests, and no detailed
explanations were given about which groupswereinvolved and
how this issue was handled in the study. In addition, in 50%
(2/4) of the studies[35,39], the baseline difference between the
groups was not reported.
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Table 2. Critical appraisal of theincluded randomized controlled trials (RCTs; Joanna Briggs I nstitute critical appraisal checklist for RCTSs).

Study, year Q12 Q2P Qd Q10 Q11* Q12 Q13"

Y Y Y

Q
55
-0

Q7

Q
o’—h

Q5°

Q
W
o
Q
h!:.

Gutiérrez-Maldonado et a [25], 2015

C
=

b
°©

<
o°

Harrington et al [26,42], 2018
Zackoff et a [28], 2020
Francis et a [29], 2020

Kurul et a [30], 2020

z =z =z zZz Z
c 2 C C

Gutiérrez et al [32], 2007
Pierce et al [31], 2008
Sapkaroski et al [33], 2019
Stepan et al [34], 2017

Chao et al [36], 2021

Berg and Steinsbekk [37], 2020
Berg and Steinsbekk [38], 2021
Ros et al [40], 2020

C < < ccccc ccec <
C < <z c <z =z cccoc
C 2 < < <C << < << ocC C
|
C < < cc<cc <ccoc c
< < < < < < < < < < < <
< < < < < < < < < < < < <
< < < < < < < < < < < < =<
< < < < < < < < < < < < <
< < < < < < < < < < < <
< < < < < < < < < < < <
< < < < < < < < < < < <

z zZz2 Z2 Z2 Z Z Z 2

c < < Z

8Q1: was true randomi zation used for assigning participants to treatment groups?

bQ2: was the allocation to the treatment groups conceal ed?

©Q3: were the treatment groups similar at baseline?

dQ4: were participants blinded to the treatment assignment?

€Q5: were those delivering treatment blinded to the treatment assignment?

fQ6: were outcome assessors blinded to the treatment assignment?

9Q7: were the treatment groups treated identically other than in the intervention of interest?

hQ8: was follow-up complete, and if not, were strategies used to address incomplete follow-ups (ie, was there an analysis of patterns of those lost to
follow-up)?

iQ9: were participants analyzed in the groups to which they were randomized?

jQlO: were the outcomes measured in the same way for the treatment groups?

lel: were the outcomes measured in areliable way?

IQ12: was an appropriate statistical analysis used?

MQ13: wasthetrial design appropriate, and were any deviationsfrom the standard RCT design (individual randomization and parallel groups) accounted
for in the conduct and analysis of thetrial ?

"U: unclear.
ON: no.

PY: yes.

INot available.
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Figure 2. Evidence of effect: direction of effect plot. CG: control group; EG: experimental group; RCT: randomized controlled trial.
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Table 3. Critical appraisal of the included quasi-experimental trials (Joanna Briggs Institute critical appraisal checklist for quasi-experimental trials).

Study, year o* o o ¢ o o Q¥ Q8" od
Smith et al [27], 2018 Vi Y Y Y Y Uk Y Y Y
Bakhos et dl [35], 2020 Y Y Y Y Y Y
Collago et a [39], 2021 Y Y Y Y Y Y
Yueta [41], 2021 Y Y Y Y v Y Y Y

8Q1: are the cause and the effect made clear in the study (ie, there was no confusion about which variable came first)?
bQ2: were the participants who were included in any comparisons similar to each other in any way?
©Q3: were the participants who were included in any comparisons receiving similar treatment or care other than the exposure or intervention of interest?

dQ4: was there a control group?

€Q5: were there multiple measurements of the outcome both before and after the intervention or exposure?
fQ6: was the follow-up complete, and if not, were the differences between the groups in terms of their follow-up adequately described and analyzed?
9Q7: were the outcomes of the participants included in any comparisons measured in the same way?

hQ8: were the outcomes measured in areliable way?
iQ9: was an appropriate statistical analysis used?

ly: yes.

kKU: unclear.

Effects of IVR Teaching on Student L earning
Outcomes

Of the 16 included studies (reported in 17 papers), 1 (6%) study
using IVR for orientation did not include any assessment of
student learning outcomes [29]. Therefore, 94% (15/16) of the
studies were retained to assess the primary objective (ie, the
students' learning outcomes) based on vote counting and a
binomial probability test. Assuming that the true probability of
favoring either IVR teaching or non-IVR teaching was
equivalent to 0.05 under the null hypothesis (IVR
teaching=non-1V R teaching on student learning outcomes), the
results showed that 40% (6/15) of the studies
[28,30,32,33,39,40] favored IVR teaching (95% CI

https://www.jmir.org/2023/1/€39989

RenderX

16.3%-67.7%; P=.61). Theremaining 60% (9/15) of the studies
[25-27,34-38,41] showed similar effects between | VR and other
teaching methods. These figures are below the expected
binomial probability mean of 1.60 (SD 0.51) votes. Thus, we
need to accept the null hypothesis.

Procedural Skill Outcomes

In total, 87% (13/15) of the studies adopted IVR to teach
procedural skills. A total of 62% (8/13) of the studies
[25,27,35-38,41,42] showed that the improvement in the
students' acquisition of procedural skills was similar whether
they were in the IVR groups or in the groups that used other
teaching methods. In other words, 38% (5/13) of the studies
[28,32,33,39,40] indicated that students who received IVR
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teaching performed significantly better (95% Cl 13.9%-68.4%;
P=.58) than those who received other forms of teaching. These
figures are aso below the binomial probability mean of 1.62
(SD 0.51) votes; thus, the null hypothesisis accepted.

Theoretical Knowledge and Other Outcomes

A total of 13% (2/15) of the studies eval uated the effectsof IVR
on teaching theoretical knowledge [30,34]. IVR teaching was
found to have a greater effect on the acquisition of theoretical
knowledge compared with the passive control in 50% (1/2) of
the studies [30], but in another study [34], the effects of IVR
were shown to be similar to those of the passive control. Owing
to the small number of studies (only 2 studies), we did not run
thebinomial test. One study [29] used I VR for orienting students
to the operating room, but the students' knowledge was not
tested afterward. In none of the studieswas | VR used to enhance
the students’ professional attitudes.

Effects of IVR Teaching on the Students L earning
Experience

Of the 15 studies, 2 (13%) did not measure students’ learning
experience [33,40], 1 (7%) explored students' satisfaction and
experiences with IVR through a focus group (only qualitative
data were collected) [27], and 1 (7%) only measured the

https://www.jmir.org/2023/1/€39989
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students' learning experience in the VR group but not in the
control group [30]. These studies were excluded from the vote
counting and binomial test. Of the 12 studies, 8 (67%) favored
IVR teaching (95% Cl 34.9%-90%; P=.59), whereas the
remaining 4 (33%) showed similar effects on the students
learning experience between 1V R and other methods of teaching.

In total, 80% (12/15) of the studies [25,26,28,29,32,34-39,41]
evaluated the learning experiences of students from both the
IVR and control teaching groups. Overall, the students said that
they had a more positive experience learning with IVR than
with other teaching methods (Table 4). A total of 67% (8/12)
of the studies [26,28,29,34-37,41] showed that the students
favored IVR teaching, and 33% (4/12) of the studies
[25,32,38,39] reported that the learning experiences of students
who learned with IVR were similar to those of either the active
or passive controls (95% Cl 34.9%-90.1%; P=.39). Thesefigures
are a so below the binomial probability mean of 1.33 (SD 0.49)
votes; thus, the null hypothesis is accepted. In 17% (2/12) of
the studies[27,30], only the experimental group was evaluated,
and both studies showed that students liked the approach of
using IVR to learn. The effect direction plot of the different
studies, together with the associated risk of bias, is shown in
Figure 2.
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Table 4. Effectsof immersive virtua redlity (IVR) in the included studies (N=16).
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Study, year,and Typeof IVR Outcome measurements Major findings Learning out- Learning experi-
country or re- comes favor ence favor group
gion group
Gutiérrez-Mal- OculusRift  Primary outcome: adiagnosticin- Primary and secondary outcome: the Similar Similar
donado et a DK1 terview skill test; secondary out-  mean score of the EGP was higher than
[ssza]ni'nzms' come (usability): SUMI® that of the CGS, but the difference be-
tween the 2 groups was nonsignificant
(P=.23; P=.89).
Harringtonetal Samsung Primary outcome: knowledgere-  Knowledge retention: no significant Similar EG
[26,42], 2018, Gegr VRY tention (8-point multiple choice); variances(P=.14). Attentiveness (engage-
Ireland secondary outcomes: (1) attentive-  ment): a crossover analysisreveaded a
ness (engagement) and (2) ap- significantly higher level in the EG
praisals (P<.001) and across periods (P<.001)
with no significant carryover effect
(P=.97). Appraisals: two-thirdsof partic-
ipants reported choosing EG.
Smitheta [27], OculusRift  Primary outcomes: (1) decontami- Primary outcome: decontamination Similar Only measured
2018, United Developer nation knowledge gain, (2) skill  knowledge gain—no significant differ- the EG
States Kit 2 performance, and (3) timespent  ence among the 3 groups at al 3 time
by students completing the proce-  points; skill performance—no significant
dure; secondary outcome: qualita-  difference among the 3 groups at the 2
tive focus group time points; performance time—no sig-
nificant difference among the 3 groups
at all 3 time points; secondary outcome:
high levels of satisfaction in the EG
Zackoff et d OculusRift  Primary outcomes: recognition or  Primary outcome: significantly higher  EG EG
[28], 2020, interpretation of key examination in the EG than in the CG; secondary
United States findings, assignment of an appro-  outcome: 81% of the EG demonstrated
priate respiratory status assess- animprovement in self-assessed compe-
ment, and recognition of the need tency.
to escaate care for patients with
impending respiratory failure by
using a video-based assessment;
secondary outcome: self-assessed
competence
Franciset a OculusVR  Self-efficacy of the participants  Self-efficacy significantly improvedin =~ \ya® EG
[29], 2020, the EG (P=.007) but not for the CG
United States (P=.30).
Kurul eta [30], 3D Organon Primary outcome; writtenexamina-  Primary outcome: both the EG and CG  EG Only measured
2020, Turkey ~ Anatomy tion; secondary outcome: partici-  had significantly higher posttest scores, the EG
(MedisMe-  pants perceptions, includingenjoy-  but the difference between the pretest
diag) and 3D ment and learning efficiency results was found to be significantly
glasses higher in favor of the EG (P<.001). Sec-
(OculusRift; ondary outcome: 88.8% of students“en-
Oculus VR) joyed studying anatomy with IVR”;
83.3% of studentsfelt that “it is easy to
understand the location of structureswith
VR
Gutiérrezeta A platform  Primary outcome: writtenexamina-  Primary outcome: posttest scoreswere  EG Similar
[32], 2007, and created at tion; secondary outcomes: theeffi- ~ significantly higher than pretest scores
Pierceet a theUniversi- ciency of the user interface and in both the EG and CG (within-group).
[31], 2008, ty of New satisfaction with it There was a significant interaction be-
United States ~ Mexico tween groups and time for the EG. Sec-

ondary outcome: there was no overall
significant difference in efficiency and
satisfaction between the groups.
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Study, year,and Typeof IVR Outcome measurements

country or re-

Major findings

gion

Sapkaroski et al CESTOLf
[33], 2019, VR Clinic
Australia

Stepan et a Oculus Rift
[34], 2017,

United States

Bakhos et a Oculus Rift
[35], 2020, 1

France

Chaoeta [36], HTCVIVE
2021, Taiwan

Berg and Oculus Rift
Steinsbekk [37], Sor Oculus
2020, Norway  Quest

Berg and Oculus Rift
Steinsbekk [38], Sor Oculus
2021, Norway  Quest

Primary outcome: students' perfor-
mance in a skill test involving
taking images of hand positions
with an x-ray machine

Primary outcome: anatomy
knowledge quizzes; secondary
outcome: participants’ subjective
user experience viainterview

Primary outcome: examination of
20 questions; secondary outcome:
posttraining satisfaction and self-
confidence

Primary outcome: nasogastric tube
feeding quiz; secondary outcomes:
(2) confidence scale and (2) satis-
faction

Primary outcome: participants
knowledge and performance of the

ABCDE" approach (skill test);
secondary outcome: students’ ex-
periences

Primary outcome: participants
knowledge and performance of the
ABCDE approach (skill test); sec-
ondary outcome: participants’ ex-
perience

The EG performed, on average, 36%
(P<.001) better in digit separation, 11%
(P<.001) better in palm flatness, and
23% (P<.05) better in central ray posi-
tioning onto the third metacarpal. There
was no significant difference (P=.17) in
positioning between the 2 groups.

Primary outcome: no significant differ-
encewas found between the EG and CG
in the postintervention quiz (P=.87) or
the retention quiz (P=.47). Secondary
outcome: subjective learner experience
survey—EG were more engaged
(P<.01), felt more enjoyment (P<.01),
and thought it was more useful for

learning (P<.01); IMMS? survey—the
EG scored higher in the total IMMS
(P<.01) and the subscales for attention
(P<.01), confidence (P<.01), and satis-
faction (P<.01).

Primary outcome: mean posttraining test
scores showed greater improvement in
the EG, but the difference between the
CG and EG was not significant. Sec-
ondary outcome: satisfaction and self-
confidence ratings were significantly
higher for the EG than for the CG.

There were no differencesin knowledge
(P=.84) and confidence (P=.96) between
the 2 groups. Within groups, the scores
on knowledge and confidence improved
significantly in both the EG and CG im-
mediately and 1 month after theinterven-
tion (P<.01). There was a significant
differencein satisfaction levels between
the intervention and comparison groups
(t=2.30; P=.03).

Primary outcome: noninferiority of the
individua VR conducting al observa-
tionsin the correct order (EG vs CG:
24.8% vs 27.1%; absolute difference:
2.3% points, one-sided 95% Cl 2.3%-
10.8%); secondary outcomeswere simi-
lar between the groups, but more stu-
dentsin the EG reported liking the way
they practiced and stated that it was a
good way to learn. The EG also scored
high on the System Usability Scale.

Primary outcome: 29 (20%) participants
in the EG and 30 (21%) participantsin
the CG answered everything correctly.
Knowledge and performance of the
ABCDE approach were similar in the 2
groups of students, except that the EG
performed better in the report on respira-
tory frequency and in the usability test.
Secondary outcome: the EG were more
displeased about the learning experience,
but the difference was not significant.

Learning out- Learning experi-
comes favor ence favor group
group
N/A
Similar EG
Similar EG
Similar EG
Similar EG
Similar Similar
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Study, year,and Typeof IVR Outcome measurements Major findings Learning out- Learning experi-
country or re- comes favor ence favor group
gion group

Collago et a Samsung Primary outcome: skill test; sec-  Primary outcome: for the execution EG Similar

[39], 2021, ondary outcome: the participants  tjme NP and NT! took significantly

Brazil perceptions

longer than the full (EG) and NH¥
(P<.001) groups. The full (EG) and NH
groups were more accuratein needlein-
sertion than the NP and NT (P<.001).
There were no significant differences
among the groups in needle angle
(P=.44) or needle depth (P=.24). Sec-
ondary outcome: no significant differ-
ences were found among the groups for
factor 1 and factor 3. For factor 2, the
NT group reported significantly (P<.001)
more difficulty than the other groups
(factor 1: tactile realism; factor 2: sy-
ringe control; factor 3: ease of perfor-
mance).

Roseta [40], Samsung Primary outcome: written test The EG had significantly better results EG N/A
2020, France Gear VR about indications, patient manage-  (P=.01) in answering the questionnaire
ment, and preparation until thein-  compared with the CG. Theresultswere
cision similar at 6 months (the scoresinthe EG
were higher than in the CG but were
nonsignificant).

Yuet al [41], HTCVIVE  gtudent knowledge (HirNIccs), Therewasno significant difference be- - Similar EG
2021, Korea self-efficacy (10-point scale), and tween the EG and CG (P=.21) in
satisfaction (5-point scale) knowledge. The EG showed a greater

increase in self-efficacy than the
CG(P=.02). The EG had a higher satis-
faction score than the CG (P<.001).

8SUM I Software Usability Measurement Inventory.

bEG: experimental group.

¢CG: control group.

dv/R: virtual redlity.

EN/A: not applicable.

fCESTOL: Clinical Education Trai ning Solution.

9MMS: Instructional Materials Motivation Survey.

hABCDE: airways, breathing, circulation, disability, exposure.
INP: nonpreceptorship.

INT: nontrai ning.

KNH: nonhaptic feedback.

IHirNICCS: High-Risk Neonatal Infection Control Competency Scale Knowledge.

Certainty of Evidence experiences) in Table 5. As there were serious concerns about
y vi _ _ most of the studies with regard to the study design, inconsi stent
The generated GRADE evidence profile was used to present @ results, and astrong suspected publication bias, all the evidence

synthesis of the findings regarding objective 1 (ie, students'  was considered to have avery low level of certainty.
learning outcomes) and objective 2 (ie, students' learning
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Table 5. Grading of Recommendations Assessment, Development, and Evaluation evidence profile: certainty of evidence for the learning outcomes
and learning experiences (N=16).

QOutcome Studies, Study design Risk of Inconsistency Indirectness Other considerations Summary of findings Certainty
n (%) bias

EG2 CGb Direction

Students’ learn-  15(94) Randomized gqigus  Serious® Not serious  Publication bias 6 9 EG<CG ®000
ing outcomes (as- trials strongly suspected® Very low
sessed viaexami-

nation and skill

tests)

Students’ learn-  13(81) Randomized gqigud  Serioud? Not serious  Publication bias 5 8 EG<CG @000
ing on procedural trials strongly suspected® Very Lo
skill outcomes

(assessed via ex-

amination and

skill tests)

Students’ learn-  2(12)  Randomized ggigud  Serioud Not serious  Publication bias 1 1 EG=CG @000
ing on theoretical trials strongly suspected® Very low

knowledge and
other outcomes
(assessed via ex-
amination and
skill tests)

Students’ learn-  12(75) Randomized ggrigud  Serioudt Not serious  Publication bias 8 4 EG>CG ®000
ing experience trials strongly suspected® Very low
(assessed via

questionnaires)

3EG: experimental group.
bCG: control group.

CA total of 27% (4/15) of the studies that evaluated the students’ learning outcomes were quasi-experimental trials. According to the Joanna Brigs
Institute critical appraisal checklist for randomized controlled trials, the remaining 11 randomized controlled trials had 1 to 6 items that were rated at
no or unclear, which indicates that there were issues in the study design leading to a serious risk of bias.

9A total of 40% (6/15) of the studies favored immersive virtual reality teaching (P=.10 in abinomial probability test showing that the null hypothesis
is accepted).
®None of the papers registered their study protocol; therefore, we could not check if there was any publication bias.

A total of 31% (4/13) of the studies were quasi-experimenta trials. According to the Joanna Brigs Institute critical appraisal checklist for randomized
controlled trials, the remaining 9 randomized controlled trials had 1 to 6 items that were rated at no or unclear, which indicates that there were issues
in the study design leading to a serious risk of bias.

90nly 38% (5/13) of the studies favored immersive virtual reality teaching (P=.58 in a binomial probability test showing that the null hypothesis is
accepted).

hAccordi ng to the Joanna Brigs Institute critical appraisal checklist for randomized controlled trias, these 3 randomized controlled trials have 3to 5
items rated at no” or unclear, which indicates issues in the study design.

'A total of 50% (1/2) of the studies favored immersive virtual reality teaching. One study used IVR to orient the students to the operating room.

IA total of 17% (2/12) of the studies were quasi-experimental trials. According to the Joanna Brigs Ingtitute critical appraisal checklist for randomized
controlled trials, the remaining 10 randomized controlled trialshad 1 to 5 itemsrated at no or unclear, which indicates issues in the study design leading
to aserious risk of bias.

Ka total of 62% (8/13) of the studies favored immersive virtual reality teaching (P=.39 in abinomia probability test showing that the null hypothesis
is accepted).

P=.61) of the studies identified similar learning outcomes
between IV R teaching and other teaching approachesregardless
of the teaching domain.

Discussion

Principal Findings
Thefindings of this systematic review demonstrate that theuse  In general, in the 15 studies, the students indicated that they
of IVR teaching in undergraduate health care education is had positivelearning experienceswith IV R teaching, including
effective in enhancing the procedural skills and knowledge increased — satisfaction,  self-confidence, — self-assessed
acquisition of students. However, the effects on these learning ~ competency, self-efficacy, and enjoyment with IVR teaching.
outcomes were similar to those of other teaching approaches When compared with those in the control group who received
such as desktop-based VR or conventional classroomteaching.  Other methods of teaching, the vote count showed that, in 62%

A vote count showed that 60% (9/15; 95% Cl 16.3%-67.7%; (8/13) of the studies, the participantswerein favor of using IVR
as ateaching medium. However, the results of the binomial test

https://www.jmir.org/2023/1/e39989 JMed Internet Res 2023 | vol. 25 | €39989 | p. 18
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

(95% CI 34.9%-90%; P=.59) did not indicate a statistically
significant difference. Therefore, the resultsindicated similarly
positive learning experiences between students who received
IVR and those who received other teaching approaches.
Considering the low-level evidence identified based on the
GRADE todl, itisinconclusive whether 1V R teaching is superior
to other forms of VR and to conventional teaching methods
with regard to students learning outcomes and learning
experiences.

Comparison With Prior Work

Although the application of IVR in health care teaching has
become more prevalent in recent years, only alimited number
of systematic reviews have focused solely on evaluating its
effects. Many reviews have included all forms of VR teaching
(such as 2D computer games). Therefore, the effects of IVR on
teaching are yet to be confirmed. Thisreview is one of the few
to provide additional evidence on the effects of IVR in health
care teaching.

The inconclusive findings on the students' learning outcomes
identified in this review are similar to those of the systematic
review of 29 articles by Hamilton et al [47]. Their review also
reported that the effects of 1VR teaching on learning outcomes
and attainment levels were inconsistent compared with those
of conventional desktop-based VR or the original physical
training scenario [47]. These findings contradict those of the
systematic review of 17 articlesby Mao et al [11]. Their review
reported that medical students who received IVR training
performed significantly faster in the time required to complete
surgical procedures and had higher scores on procedural
checklists than those who received other forms of training [11].
A possible reason for the inconsistent findings may be the
different target populations and objectives of the studies. Both
our review and the review by Hamilton et a [47] included
studies targeting the teaching of theoretical knowledge and
training in procedural skills, but the review by Mao et al [11]
focused mainly on training in surgical procedural skills. It is
possiblethat 1V R may be more effective for teaching procedural
skills asit provides real-world simulations to give the students
an immersive training experience and alows students to
repeatedly practice the same procedures. However, when used
in theoretical teaching, the ingtillation of knowledge appearsto
rely more on personal memorization and understanding [48].

The lack of teaching theories and pedagogies to guide the
integration of VR into health care education may be another
reason for the inconsistent teaching outcomes shown in this
review. This finding is also similar to that of the review by
Hamilton et a [47], which identified only 1 study with a
pedagogical framework to guide the development of IVR
teaching [47]. Among al the included studies in this review,
only the study by Smith et al [27] adopted the National L eague
for Nurses Jeffries Simulation Theory to guide the design of
simulation teaching, which isthat studentslearn information as
part of a simulated experience [46]. In general, the included
studies indicated that their students' exposureto IVR learning
experiences was short. A total of 75% (12/16) of the studies
arranged a single IVR learning experience ranging from 5 to
30 minutes for their students. To maximize the impacts of IVR

https://www.jmir.org/2023/1/€39989
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teaching, it has been suggested that educators incorporate IVR
teaching into their courses guided by a pedagogy to enrich the
teaching contexts with actual experience, insightful reflections,
realistic practices, and real-world connections [49].

Although the learning outcomes from IVR teaching are
comparable with those from other teaching approaches, IVR
still has many advantages in undergraduate health care
education. In particular, it can improve the students’' positive
learning experiences. Intotal, 62% (10/16) of the studiesin this
review found that students favored learning with IVR, which
can motivate them to learn actively rather than passively,
although the results of the binomial test did not indicate a
statistically significant difference. Similarly, the systematic
review by Mao et a [11] reported that VR could improve the
self-confidence of medical trainees in performing surgical
procedures compared with other training methods. In addition,
IVR teaching can incorporate different scenarios of patientsin
critically ill and emergency situations, giving studentsvaluable
hands-on opportunities in a safe and controlled environment.
In this review, 31% (5/16) of the studies [36-39,41] simulated
real-world scenarios to train studentsin clinical skills such as
tube feeding and conducting physical assessments of infants
with respiratory distress. This provided the students with a safe
environment in which to avoid unnecessary adverse events,
which health care students often experience.

Although there is evidence showing that VR can be used to
enhance the professiona attitudes of students, such as in the
areas of empathy, decision-making, or collaborative teamwork,
none of the studies in this review focused on this domain of
teaching. Most (13/16, 81%) used IVR to train students in
procedural skills, 12% (2/16) used it to teach anatomy, and 6%
(1/16) used it for orientation. A review of 178 medical studies
showed that using IVR in teaching could effectively improve
medical students’ understanding of theimpacts of gerontol ogical
diseases on the daily life of older adults. Moreover, after
learning through VR, the students expressed more feelings of
empathy toward older adults with sensory impairments and
dementia [50]. Another study showed that VR teaching can
create scenarios that closely resemble those in real health care
settings, allowing studentsto immerse themselvesin practicing
clinical reasoning and learn how to deal with emergencies,
which can boost their ability to make decisions and determine
priorities [43]. Another study tested the awareness and
decision-making ahilities of novice surgical residents by using
IVR in surgical training. The results showed that the residents
scores improved significantly in comparison with the scores of
those who received conventional PowerPoint teaching [51]. In
addition, IVR teaching can help students build their
communication skills. A study found that 1VR teaching could
significantly promote the communication skills of pediatricians
to persuade parents of the merits of the influenza vaccine
injection [52]. Good communication skills are a core attribute
of clinical competence, and |1 VR teaching can allow studentsto
practice this skill in VR clinical settings and enable them to
learn how to deal with different situations [53].

Thisreview hasimplications for both research and educational
practice. First, the unique capabilities of IVR teaching are yet
to befully exploited. In addition to training in procedural skills
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and inputting theoretical knowledge, IVR teaching has great
potential to be used for other teaching domains such as health
care professional attitudes. Second, health educators need to
align pedagogy with IVR teaching for successful integration
into undergraduate health care education [54]. Using pedagogy
to guide the integration of IVR teaching into a course can
maximize the impact on the students' learning outcomes by
enriching teaching contexts with robust instructions, realistic
practices, and real-world connections[49]. Third, it isextremely
important in undergraduate health care training for skills and
knowledge to be retained and applied in real clinical settings.
Therefore, in addition to immediate skill tests or written
examinations, other forms of assessment such as essaysor group
discussions can be considered for an in-depth evaluation of the
students' understanding of the course [47]. It may be difficult
to measure the differences between I VR and traditional teaching
interms of the transferability from knowledge to actual clinical
practice. Itishard to tell whether students have transferred what
they have learned from IVR into their clinical practice. Current
evaluation methods focus on superficial and short-term effects.
Clinically based observational studies conducted over a long
period can be considered in the future. Finally, the quality of
the current studies, especially the RCTs, is a concern.
Standardized guidelines such as CONSORT (Consolidated
Standards of Reporting Trials) [55] should be referred to when
designing a study.

Strengths and Limitations

Our review provides the most up-to-date evidence on the
positive effects of IVR in undergraduate health professional
education. We conducted a comprehensive search across
different databases and followed the Cochrane gold-standard
methodol ogy together with a meta-synthesis while conducting
this systematic review. This systematic review has some
limitations. First, only articles published in English were
included. It is possible that articles in other languages were
overlooked. However, we adopted relatively broad eligibility
criteriafor the study types (RCTsand quasi-experimental trials),
which led to sufficient findings. Second, the heterogeneity of
the included studies prevented the data from being pooled for
a meta-analysis, meaning that the effect size of the IVR on
teaching outcomes could not be determined. Third, we did not
analyze thelearning experiences of studentsfrom data collected
using qualitative methods. Although a qualitative method was
only mentioned in 6% (1/16) of the included studies, it is
possible that some findings related to the subjective learning
experiences of students with IVR were missed. Fourth, we
originaly hypothesized that the types of equipment with

Liuetd

different levels of immersive experiences used for I VR teaching
would affect students learning outcomes and experiences.
However, we found no studies that measured the level of
immersive experience according to the type of VR equipment.
Therefore, we could not perform any subgroup analyses to
investigate these possible moderating effects on students
learning outcomes and experiences. However, in our review,
we found no evidence to support this hypothesis. The use of
equipment played a small role in influencing teaching and
learning outcomes. Finally, this review only focused on
undergraduate health care students; therefore, the findings may
not be transferable to students in other majors.

Future Directions

Despite the positive effects of IVR when adopted in
undergraduate health care education in the digital era, robust
assessments through high-quality, large-scale studies with long
follow-up periods are still lacking. In addition, the true efficacy
of IVR is best assessed through long-term integration into a
real-world training guide with a pedagogical framework to
maximize the effects of IVR on education. In addition to
procedural training and theoretical knowledge, IVR has the
potential to be used to train studentsin other desirabl e attributes
of health care professionals (such as communication skills,
decision-making skills, and feelings of empathy toward patients).
Given its positive impacts on students’ learning outcomes and
experiences, we recommend further investigation with rigorous
studies focusing on important outcomes for students following
long-term incorporation into different health care curriculain
different teaching domains.

Conclusions

This systematic review demonstrates that the use of IVR
teaching in undergraduate health care education is effective in
enhancing the procedural skills and knowledge acquisition of
students, although the effects on these learning outcomes were
similar to those of other teaching approaches. VR aso has an
advantage in enhancing the positive learning experiences of
students. In total, 50% (8/16) of the studies in this review
indicated that the students favored 1VR teaching over other
teaching methods. I'VR teaching also has great potentia to be
used in other teaching domains such as enhancing the
professional attitudes of students. Unfortunately, none of the
included studies focused on those teaching domains, which are
worth exploring in future studies. Finally, health educators
should align pedagogy with IVR teaching for successful
integration into undergraduate health care education to maximize
the impact on students’ learning outcomes.
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