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Abstract: Immersive Virtual Reality (IVR) is a promising tool for improving the teaching and learning
of nursing and midwifery students. However, the preexisting literature does not comprehensively
examine scenario development, theoretical underpinnings, duration, and debriefing techniques.
The aim of this review was to assess the available evidence of how 360-degree Virtual Reality (VR)
utilising head-mounted devices has been used in undergraduate nursing and midwifery education
programmes and to explore the potential pedagogical value based on Kirkpatrick’s evaluation model.
This review followed the Joanna Briggs Institute (JBI) methodology. A comprehensive electronic
search was conducted across five databases. All studies published in English between 2007–2022 were
included, regardless of design, if the focus was undergraduate nursing and midwifery programmes
and utilised fully immersive 360-degree VR scenarios. Out of an initial pool of 1700 articles, 26 were
selected for final inclusion. The findings indicated a limited diversity in scenario design, with only
one study employing a participatory approach. Within the Kirkpatrick model, the most measurable
outcomes were found at level 2. The main drawback observed in interventional studies was the
absence of a theoretical framework and debriefing. The review concludes that the increased use
of fully IVR in nursing education has improved student learning outcomes; however, published
literature on midwifery education is scarce.

Keywords: 360 degree; nursing education; virtual reality; nursing student; midwifery student;
immersive learning

1. Introduction

The changing needs of modern learners, as well as an increasing number of learning
styles and preferences, have prompted the need for new methods and approaches to
education [1]. Nursing education involving the use of simulation is relatively new and
presents an active learning method, allowing students to develop their clinical skills and
experience in augmented real-life scenarios [2]. Various forms of simulation teaching
methods are currently available, such as peer-to-peer learning, computer simulations, and
Virtual Reality (VR), including VR Simulation (VRS), which is one form of simulation that
can be used as a novel method of teaching complex skills in a safe environment [3].

Virtual Reality falls under the umbrella term “Extended Reality” (XR). XR is a com-
prehensive phrase that refers to technologies that combine aspects from both the real and
virtual worlds [4]. Currently, VR, AR (augmented reality), and MR (mixed reality) are
well-known technologies in this domain. MR is defined as the combination of the real and
virtual worlds, whereas AR is adding digital data into real-world scenarios [4].

Virtual Worlds 2023, 2, 396–421. https://doi.org/10.3390/virtualworlds2040023 https://www.mdpi.com/journal/virtualworlds

https://doi.org/10.3390/virtualworlds2040023
https://doi.org/10.3390/virtualworlds2040023
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/virtualworlds
https://www.mdpi.com
https://orcid.org/0000-0002-3680-4559
https://doi.org/10.3390/virtualworlds2040023
https://www.mdpi.com/journal/virtualworlds
https://www.mdpi.com/article/10.3390/virtualworlds2040023?type=check_update&version=1


Virtual Worlds 2023, 2 397

1.1. Immersive Virtual Reality Simulation

The Society for Simulation in Healthcare [5] defines VR as “the use of computer
technology to create an interactive 3D world in which the objects have a sense of spatial
presence” (p. 55). However, educators are frequently confused about what VR is and how
it differs from three-dimensional (3D) virtual worlds. A true VR medium is distinguished
by utilising a Head-Mounted Display (HMD). This technology can provide users with the
sensation of being “there” [4] by creating a user-centred 3D immersive environment [6].
This device is crucial to the creation of an immersive experience, as it transports the user’s
visual and auditory senses into a virtual environment [6]. HMDs enable users to view
different sections of the VR sphere by simply moving their head.

The use of a HMD is a distinctive feature of authentic, immersive VR, providing
a high level of immersion and engagement that distinguishes it from other available
technologies [7]. If an HMD is not used, this is termed “non-immersive VR”, as scenarios
are typically viewed on a computer or television screen. [7]. This paper is focused on the use
of fully Immersive Virtual Reality (IVR). The hallmarks of VR technology are immersion,
presence, and interactivity. These features have greater potential in VR than in other forms
of information technology [4] and can enable learners to become more actively involved in
their learning. This can facilitate faster, more accurate, and easier cognitive engagement,
which subsequently translates into improved learning for clinical practice [7].

Fully IVR is a promising tool for improving the teaching and learning experiences
of Nursing and Midwifery Students (NMSs). When using IVR, students can fully engage
through all their senses, improving clinical judgement and critical thinking [8]. In medical
fields, IVR use is increasing due to its ability to provide a variety of simulation scenarios
that can be used by students without compromising patient safety [9].

1.2. 360-Degree Video

Videos are one of the most utilised media types in education [10]. However, despite
the numerous advantages of videos, such as improved understanding and enhanced
collaboration [11], they lack certain features that can enhance effectiveness and interest. For
example, videos are only shown from one angle, and viewers are usually passive observers,
whereas 360-degree videos can be shown from various angles and perspectives [12] and
can be viewed on various devices such as smartphones, tablets, and computers (in non-
immersive formats), or as part of an IVR experience via an HMD. HMD IVR packages
are becoming increasingly popular in educational applications, as they enable curricula
and content to be developed and edited for specific educational purposes [13]. In medical
education, the use of novel VR modalities, such as mobile VR, is limited. According
to a recent review, most studies (60.5%) have used commercially available surgical VR
simulators, whereas only 3.5% of studies used mobile VR.

Although immersive 360-degree videos are often referred to under the umbrella term
“VR”, the VR per se is created entirely by software, whereas 360-degree videos usually
deploy real-world footage [14].

A recent scoping review explored the used of IVR in tertiary Nursing and Midwifery
Education (N and ME) [15] and revealed only two articles, one containing empirical data
and the other a concept development article. This was the only related scoping review
identified, although two recent systematic reviews were identified that measured the
effectiveness and outcomes of IVR on nursing students’ learning [16,17]. However, these
reviews were limited to specific types of study designs such as RCTs or quasi-experimental
studies. Saying that, both supported the quality of IVR in nursing education and the need
to further explore the educational appropriateness of VRS programmes [18].

Due to the novel nature of 360-degree VR video, the evidence base regarding their
use in educational settings has been relatively limited [7,19]. Similarly, little is known
about the scope and implementation of IVR in N and ME [15]. The importance of simu-
lation in nursing and midwifery education arises from the need for students to have the
opportunity to “practice” complex clinical skills in a safe environment. In these disciplines,
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where high-stakes scenarios and complex interactions are prevalent, immersive learning
experiences can have a significant impact [16]. Further research is required to establish
the appropriate standards for IVR use in this context [14,19]. Given the dearth of research
focused on immersive 360-degree video, the aim of this review was to map the available
evidence in undergraduate NMSs in nursing education programmes as well as to explore
the pedagogical value based on Kirkpatrick’s evaluation model. This review will provide a
valuable insight of IVR and may guide further research on this topic.

2. Review Question

How is immersive 360-degree VR used in undergraduate nursing and midwifery education?

3. Inclusion Criteria

Studies were considered eligible for inclusion if they involved undergraduate NMSs,
using fully immersive 360-degree VR scenarios projected by HMD with or without haptics
in any educational setting. Both nursing and midwifery students were included, as many
universities use integrated curriculums for these groups [20]. All included studies were
published after 2006 when the use of virtual simulation in nursing became an accessible
pedagogical approach [21]. All studies had been peer reviewed; the full texts were available
and included all research designs.

4. Methods

This review utilised the Joanna Briggs Institute (JBI) framework, which recommends
clarification of the main concepts in the research question using the “Population, Concept,
and Context” (PCC)—a nine-step framework for scoping reviews [22]. A review protocol
was not published.

4.1. Search Strategy

An electronic search of MEDLINE (Ovid), Embase (Ovid), CINAHL (EBSCO), Eric,
and Scopus was completed between 6 July 2022 and 18 September 2022. A systematic
search technique was created using all identified keywords and index terms in the titles
and abstracts. Additionally, the reference lists of all included articles were screened to
identify further studies. A research librarian was consulted for feedback on the search
strategy. The search strategy for MEDLINE can be found in Table S1 (Supplement File S1).

4.2. Selection of Sources

All identified citations were uploaded into the reference manager EndNote X9.3.3
(Clarivate Analytics, Philadelphia, PA, USA), and duplicates were removed. Titles and
abstracts were screened for compliance with the inclusion criteria. There were no limitations
on research design because the scoping review focused on the broad use of VR in N and
ME. Full texts of relevant studies were subsequently retrieved and reviewed.

4.3. Data Extraction

A data extraction table was developed based on the categories outlined in the JBI
guidance [22]: author(s), country, population, research design, educational intervention
and time, learning theories, debriefing, and main results.

4.4. Analysis and Presentation of Results

The data were presented in tabular format followed by a descriptive analysis. Nar-
rative analysis was applied to discuss and integrate study results and to explore the
implementation of VR to N and ME.
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5. Results
5.1. Search Results

The search process resulted in 1700 articles. After 314 duplicate articles were removed,
1386 articles remained. Titles and abstracts were screened for relevancy, yielding 153 full-text
articles for eligibility assessment. Following the application of exclusion criteria, 127 articles
were excluded with reasons, and 26 eligible articles were considered directly related to the
research question. The full texts of these articles were then reviewed as outlined in the
Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) flow diagram [23] (Figure 1).
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5.2. Characteristics of Included Studies

The 26 studies included in this review were conducted in nine countries: the US (n = 8),
Republic of Korea (n = 6), Taiwan (n = 4), Ireland (n = 2), and others (n = 6) [6,25–49] (Table 1).
None of the included studies were conducted in developing countries or the Middle East.
The studies were published between 2018 to 2022, with most studies (n = 9) conducted in
2022. Eleven out of 26 studies used quasi-experimental designs, and the remainder used
Mixed Methods Research (MMR; n = 3), qualitative descriptive (n = 3), feasibility MMR
(n = 2), RCTs (n = 2), descriptive study (n = 2), crossover (n = 1), cross-sectional (n = 1),
and action research (n = 1) designs. The population used in all studies were undergraduate
nursing and midwifery students (n = 1205) and were recruited using convenience sampling
Recruitment approaches included announcements through web pages and social networking
media. Several studies discussed user experiences with the intervention. One study [35]
stated that participants were included if they had no prior experience of education related
to the intervention topic. Other studies required clinical training experience as an inclusion
criterion [28,30,47]. However, most studies provided theoretical lectures before implementing
the VR intervention [29,31,32,34,35,42–44,46,47,49].



Virtual Worlds 2023, 2 401

Table 1. Data extraction table.

Year and
Authors/
Country

Aim Research Design/
Sample Size

Theoretical
Models VR Modality and Time

Outcome
Measures

Using Kirk-
patrick’s

Evaluation
Framework

Debriefing Findings

2022
Taiwan [27]

Development of
childbirth-learning

contexts

QED
I = 32

C = 32 (watched
a video)

SLT + ADDIE
model.

Google Cardboard and
360-degree

childbirth videos
1 and 2 No

VR group had significant effects on
learning achievement, motivation, and

satisfaction and no significant effects on
critical thinking and attitude.

2022
Republic of
Korea [49]

Development of
COVID-19
paediatric

simulation about
donning and

doffing of PPE

QED
I = 25

C = 25 (routine practice)

Self-efficacy
theory

15 min
HMD and controller 1 and 2 Yes

VR group had significant improvements
in PPE knowledge (z = −3.28, p < 0.001),
infection control performance (t48 = 4.89,
p < 0.001), and self-efficacy (t36.2 = 4.93,

p < 0.001).

2021
Republic of
Korea [48]

Examine the effects
of a VRS on nursing

students learning
outcomes

QED
I = 25

C = 25 (routine practice)

NLN/Jeffries
Simulation
Framework

40 min total of 3 scenarios
HTC VIVETM, controller 1 and 2 Yes

VR group had significant improvements
in self-efficacy (t = −2.16, p = 0.018) and

satisfaction (t = 5.59, p < 0.001).

2020
Canada [46]

Describe VR
experience in a

first-year nursing
course on health

assessment

Cross-sectional design
I = 46 ELT 1 h VR sessions Oculus

Rift and hand controllers 1 No

Students perceived their engagement to
be higher in VR and found that it was

easy to use and helped their learning, and
they recommended it.

2021
USA [43]

Examine the
differences in

learning outcomes
for the disaster skill
of decontamination.

QED
I = 61

C = 60 (HFS)

NLN/Jeffries
Simulation
Framework

10 min
Oculus Rift and hand

controllers
1 and 2 No

No statistically significant results were
noted for any of the study outcomes. Both

groups felt equally confident.
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Table 1. Cont.

Year and
Authors/
Country

Aim Research Design/
Sample Size

Theoretical
Models VR Modality and Time

Outcome
Measures

Using Kirk-
patrick’s

Evaluation
Framework

Debriefing Findings

2022
Singapore [42]

Evaluate learning
outcomes among

nursing students as
scrub nurses

Descriptive study
design
I = 207

Flow theory
and ELT

15 min
HMD and touch

controllers
1 and 2 Yes

More than 90% of the participants
indicated “neutral” and above in terms of

efficacy, attitude, and confidence level.

2022
Republic of
Korea [35]

Evaluate the
effectiveness of a

VR program using a
COVID-19 scenario

QED
I = 32

C = 33 (lecture only)

ADDIE
model

15 min
Oculus Quest 2

Character hands
1 and 2 Yes

VR group had a significantly higher
learning satisfaction (t = 3.01, p = 004).

Both groups presented significant
differences in knowledge, self-efficacy,

and clinical reasoning, and there were no
differences between the groups.

2020
USA [33]

Pilot the use of a VR
to identify signs

and symptoms of an
opioid-related

overdose

QED
I = 19

C = 31 (hybrid
simulation)

NLN/Jeffries
Simulation
Framework

20 min
Cardboard headset 2 Yes

All participants’ attitudes scores
decreased from baseline to follow up

by <2 points.
Knowledge retention neither decreased

nor improved over time for both groups.

2018
USA [32]

Examine varying
levels of immersion
using disaster-based

VR

QDR
N = 100

I = 36 (VR)
I = 36 (computer

monitor)
C = 28 (written

instructions)

NLN Jeffries
Simulation
Framework

10 min
Oculus Rift 1 No

Four themes: simulation learning
experience; simulation design; participant

outcomes; and participant
simulation experience.
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Table 1. Cont.

Year and
Authors/
Country

Aim Research Design/
Sample Size

Theoretical
Models VR Modality and Time

Outcome
Measures

Using Kirk-
patrick’s

Evaluation
Framework

Debriefing Findings

2018
USA [44]

Evaluate the impact
of two different

decontamination
VR interfaces

QED
N = 172

I = 59 (VR)
I = 58 (computer

monitor)
C = 55 (written

instructions)

NLN Jeffries
Simulation
Framework

10 min
Oculus Rift and controller

character built in
Autodesk Maya.

2 No

Cognitive and performance scores were
significantly higher after treatment. Six

months later, they were significantly
lower in cognitive scores at the retention

measurement, and performance time
completion was found to be significant

and faster only between computer group
and written instruction group.

2021
USA [6]

Explore differences
in perceived levels
of presence among
four common roles

in simulation

QED
N = 160

I = 29 (active
participants)
I = 51 (VR)

C = 20 (bedside
observers)

C = 60 (Audio Visual
observers)

Observational
Experiential

Learning

15 min
HMD with mobile

Syminar©
live stream the simulation

from a 360-camera

2 Yes

VR learners had significantly higher
presence scores than

AV group and similar scores to active
participant roles.

There were no significant differences in
knowledge outcomes.

SUS aggregate score was 69.46.

2020
Ireland [34]

To explore students’
perception of a VR

storytelling
experience

MMR consisting of a
cross-sectional survey
and an observational

study.
N = 132
I = 94

Nursing and midwifery
students

Response rate of 71.2%
(n = 94)

ELT
VR One Plus

Wonderful You developed
by BHD.

1 and 2 No

Participants reported positively to
engaging with and learning from

an VR storytelling.
Three themes emerged: memorable

learning experience; negative elements to
VR; and applications of VR in nursing and

midwifery education.
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Table 1. Cont.

Year and
Authors/
Country

Aim Research Design/
Sample Size

Theoretical
Models VR Modality and Time

Outcome
Measures

Using Kirk-
patrick’s

Evaluation
Framework

Debriefing Findings

2022
Republic of
Korea [47]

To examine the
effects of VR

neonatal
resuscitation game

QED
N = 88

I = 29 (VR)
I = 28 (HFS)

C = 26 (online lectures)

Keller’s
ARCS model

50 min
Oculus Rift 2 Yes

Neonatal resuscitation knowledge and
learning motivation were significantly

higher in the VR and simulation groups
than in the control group, whereas

problem-solving ability and
self-confidence were significantly higher
in the VR group than in the simulation

and control groups. Anxiety was
significantly lower in the simulation

group than in the VR and control groups.

2018
USA [26]

To explore the
usability of a

game-based VR
system for urinary

catheterisation

MMR
I = 10

C = 10 (traditional
practice)

Deliberate
practice
theory

60 min (10–15 min
orientation)

Oculus Rift and controller
1 No

Subjects using the VR system spent more
time practicing (p = 0.001) and completed
more procedures in 1 h than students who

practiced traditionally (p < 0.001).
Follow-up skill demonstration pass rates
between groups were identical at 2 weeks

2021
Taiwan [28]

To understand the
experience of

nursing students in
using VR

skill-learning
process

QDR
I = 60 ELT HTC VIVE HMD 1 No

Five themes revealed: convenient to
practice but requires adaptation; fast skill

learning process; stress-free learning
environment; environmentally friendly;

and lacks a sense of reality.
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Table 1. Cont.

Year and
Authors/
Country

Aim Research Design/
Sample Size

Theoretical
Models VR Modality and Time

Outcome
Measures

Using Kirk-
patrick’s

Evaluation
Framework

Debriefing Findings

2021
Taiwan [30]

Examined the
effects of an

immersive 3D
interactive video

program on
improving nursing

students’ NGT
feeding skill

RCTs
I = 22 (AR)

C = 23 (watched a
video)

Teaching
skills in
nursing

framework

10–20 min
VIVEPAPER HTC, and
touch a piece of paper

1 and 2 No

Participants knowledge and confidence
were significantly improved after the
intervention in both groups, and there

was no significant difference.
Statistically significant differences in

satisfaction between groups (p = 0.026).

2022
Taiwan [29]

To develop a basic
prototype of the

non-stress test VR
and to describe
students’ and

educators’ reactions

Action research design
I = 56

Information
processing

theory

50 min with debriefing
HMD

Speech recognition, which
requires participant to

engage verbally.

1 Yes Participants were very receptive, with a
satisfaction rate of 98.9%.

2021
USA [38]

Investigate the
feasibility and
effectiveness of

computer
role-playing games

on students’
empathy with a

focus on
immersiveness and

perspective

Feasibility MMR
N = 69

I = 18 (VR family)
I = 19 (VR health care

provider)
C = 16 (laptops family)
C = 16 (laptops health

care provider)

N/A 10 min
Oculus Go N/A No

VR participants had a significant effect on
empathy (p = 0.032), leading to greater
spatial presence but not on perceived

possible action.
Participants in the health care provider’s
condition reported greater empathy than
those in the patient’s family’s condition.
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Table 1. Cont.

Year and
Authors/
Country

Aim Research Design/
Sample Size

Theoretical
Models VR Modality and Time

Outcome
Measures

Using Kirk-
patrick’s

Evaluation
Framework

Debriefing Findings

2021
Ireland [40]

Explored nursing
students’ views of

using VR in
healthcare

QDR
I = 26 N/A

6–10 min
HMD with

controllerDesigned using
Unreal Engine 4.12 (UE4)

1 No

Four themes were identified: positive
experiences of VR; challenges to using VR;
settings where VR can be implemented;

and blue-sky and future
applications of VR.

Older adults reported minor
technical difficulties.

2021
UK [25]

To investigate the
impact of VR sepsis
game and to explore

students’
perceptions of the
acceptability and

applicability

Feasibility MMR
N = 282
I = 19

Response rate = 100%

N/A 20–30 min
HMD 1 and 2 Yes

Pre-post-test scores revealed a significant
increase in self-confidence (p < 0.001) and
a significant decrease in anxiety (p < 0.001)

Four themes emerged: acceptability,
applicability, areas of improvement for a

VR sepsis game, and limitations of
a VR game.

2022
Hong Kong [31]

To investigate the
acceptance and
usability of the

desktop simulator
(DTS) and an

immersive
simulator (IMS)
wound-dressing

simulation system.

Crossover design
I = 30 N/A HTC VIVE and

controllers 1 and 2 No

The mean knowledge scores were similar
for both groups.

The mean usability scores for IMS were
relatively higher.

IMS favoured the experience for higher
level of realism and DTS for being more

convenient to use.
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Table 1. Cont.

Year and
Authors/
Country

Aim Research Design/
Sample Size

Theoretical
Models VR Modality and Time

Outcome
Measures

Using Kirk-
patrick’s

Evaluation
Framework

Debriefing Findings

2020
Republic of
Korea [37]

Evaluate the ease of
use and usefulness

of the VR
simulation for
mental health

nursing education

MMR
I = 60 N/A

13 min (mean of total
videos)

Oculus Go and one
controller.

1 No

All participants had positive experiences
and reported that it was realistic
(n = 39, 65%) and an interesting

experience (n = 15, 25%).
Some suggested to further refine the

picture and sound quality.

2022
Spain [39]

Develop a VR to
improve

communication
skills

RCTs
I = 50

C = 50 (case-based
theoretical workshop)

N/A 360-degree VR goggles,
and headphones 2 No

Statistically significant difference found
between the VR method (p < 0.001) and a

better-developed communication skill.
VR-based intervention showed better

results in older students.

2022
Republic of
Korea [36]

Develop and
evaluate the effect

of a mobile
HMD-based VR for

a Chemo port
insertion

QED
I = 30

C = 30 (self-study)
N/A

Mobile HMD
using Autodesk 3DS Max

Storyboard
1 and 2 Yes

VR group significantly improved
post-intervention knowledge (p = 0.001),

learning attitude (p = 0.002), and
satisfaction (p = 0.017).

Sub-domains of motivation, attention
(p < 0.05), and relevance (p < 0.05) were

significantly different between both
groups post-intervention.
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Table 1. Cont.

Year and
Authors/
Country

Aim Research Design/
Sample Size

Theoretical
Models VR Modality and Time

Outcome
Measures

Using Kirk-
patrick’s

Evaluation
Framework

Debriefing Findings

2020
Turkey [45]

Investigate the
features of a VR

learning
environment and

evaluate its
perceived
simulation

effectiveness

Descriptive
quantitative design

I = 14 3rd year
I = 52 1st year

N/A 10–32 min
Single HMD 2 No

Significant difference was only for the
confidence sub-dimension (p < 0.05).

No significant differences among first
(p = 0.070), second (p = 0.255), third

(p = 0.408), and fourth
(p = 0.244) applications.

The fourth practice shows that the
learning environment is a more effective

tool after adapting to use it (p = 0.048).
Highly significant relationship among

attitudes, learning, and confidence in the
first-year participants.

2020
USA [41]

Examine if
intervention with a
pilot contemporary

IVRS builds
knowledge and is

feasible

QED
I = 21

Bauman’s
layered-
learning
model

(BLLM)

20 min
Oculus Rift and controller 1 and 2 No

Students felt a high degree of presence
and immersion, experienced little to no

cybersickness and significantly improving
knowledge of airway management

(p < 0.0001).

AR = Augmented reality; C = Control; ELT = Experiential learning theory; HFS = High-fidelity simulation; I = Intervention; MMR = Mixed-methods research; N/A = Not available;
NLN = National league for nursing; QDR = Qualitative descriptive research; QED = Quasi-experimental design; SLT = Social-learning theory.
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Researchers who were concerned about the influence of past VR experiences on study
results excluded participants who had previously experienced VR [26,36,47]. In addition,
participants who were feeling ill, had pre-existing binocular vision abnormalities, or a
history of severe motion sickness were also excluded (to prevent motion sickness) [40,42].
Table 2 displays the article counts for the characteristics of the included studies.

Table 2. Number of articles for characteristics of included studies.

2018 2019 2020 2021 2022
Have

Research
Question

No Research
Question

Pre-VR
Clinical
Training

Pre-VR Theory
Lectures

3 0 6 8 9 6 20 3 11

5.3. Characteristics of Interventions
5.3.1. Scenario Development

Ten studies identified the intervention development process of the scenario content
(Table 3). Some studies were based on a review of relevant literature, whereas others used
subject matter experts to develop the scenario. Only one study indicated that they applied
a participatory design (co-creation) and engaged students in developing the scenario [35].

Table 3. Scenario development.

Scenario Development [48] [42] [35] [33] [47] [30] [25] [31] [37] [36]

Literature Review
√ √ √ √ √ √ √

Experts
√ √ √ √ √ √ √ √ √

Students
√

Studies explored effectiveness in nurse skill acquisition and training competence in
several areas, including disaster skills of decontamination [43,44], Nasogastric Tube (NGT)
feeding [30], catheter insertion [26], airway management [41], and wound dressing [31].
Additionally, two papers explored students’ experience in anatomy and physiology of the
human body [41] and empathy [38]. In the final papers, only five IVR scenarios were related
to midwifery and included neonatal resuscitation [47], a non-stress test [29], childbirth [27],
high-risk neonatal infection control [48], and the baby’s life inside the mother’s womb [34].

5.3.2. Interactivity

Nineteen scenarios were interactive, requiring students to perform a specific skill
with the controllers, such as NGT care [28] or infection control [49]. In other research,
participants were asked to select the correct response from a series of options presented
onscreen [37,45]. In contrast, the remaining designs employed were passive, requiring
students to observe the scenario without interaction [6,27,32–34,36,38]. Table 4 displays the
various forms of interactivity within the studies.

Table 4. Types of interactivities used in the studies.

Study Type of HMD Task Specified

[49] Not specified with controller Donning of PPE and provide
respiratory care

[48] HTC VIVETM, controller No

[46] Oculus Rift and hand controllers Participants can zoom in and out
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Table 4. Cont.

Study Type of HMD Task Specified

[43] Oculus Rift and hand controllers MCQ throughout tasks to assess their
knowledge

[42] Not specified and touch controllers Quizzes at the end in the form

[35] Oculus Quest 2 Character hands to put on PPE and
perform nursing assessment to patient

[44] Oculus Rift and controller Select tools required for the task

[47] Oculus Rift No

[26] Oculus Rift and controller No

[28] HTC VIVE No

[30] VIVEPAPER HTC Touch a piece of paper through
answering and reading

[29] Not specified Speech recognition, which requires
participant to engage verbally

[38] Oculus Go and Controller Navigate and pick avatar characters

[40] Not specified with controller Self-representation using hand avatars

[25] Not specified No

[30] HTC VIVE and controllers No

[37] Oculus Go and one controller Participants’ select answers to test their
knowledge

[45] Not specified
Participants interact with the menu

components via natural hand
movements

[41] Oculus Rift and controller No

5.3.3. Duration

There was limited consistency among the IVR applications in relation to duration
and frequency. The shortest IVR experience lasted for 8 min, whereas the longest lasted
for an hour (Table 5). Only 20 of the included studies provided data on average duration
(Mean = 22.5; SD = 17.4) (Table 1).

Table 5. Duration frequency of IVR scenario.

Value in Minutes Frequency

8 1 (5%)

10 5 (25%)

13 2 (10%)

15 4 (20%)

20 2 (10%)

21 1 (5%)

25 1 (5%)

50 2 (10%)

60 2 (10%)



Virtual Worlds 2023, 2 411

5.3.4. Types of HMD

The Included papers used fully immersive VR through an Oculus Rift (n = 7), HTC
VIVE (n = 3), Oculus Go (n = 2), Oculus Quest (n = 1), and not specified (n = 5). Seven
studies used phone VR headsets with 360-degree video simulations [6,27,33,34,36,37,39]. A
single study [30] used AR simulation with VIVEPAPER HTC to provide the sensation of
360-degree video.

5.3.5. Comparators

A control group was used in an RCT [30], a quasi-experimental study [27], and an
MMR [38]. Six quasi-experimental designs [6,26,33,43,48,49] applied routine practice, such
as lab training or hospital rotation. The other RCT [39] used traditional workshops, and the
other quasi-experimental designs [35,36,47] provided theoretical approaches. Furthermore,
MMR used written instructions for the control group [32,44].

5.3.6. Theoretical Framework

Several theoretical frameworks and models were employed, with the NLN/Jeffries
Simulation framework [3] (n = 5) being the most prevalent. Other studies (n = 4) utilised
Kolb’s [50] experiential learning theory or the theory’s extension model. In addition,
Bandura’s various theories, including the social learning theory [51] and self-efficacy
theory [52], were utilised. However, eight studies did not have an underpinning theoretical
framework [25,31,36–41,45] (Table 6).
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Table 6. Theoretical frameworks of included studies.

Theory/Framework Study Objective/s Features of the Framework

NLN/Jeffries Simulation
Framework

[48] Examine the effects of VR on students’ knowledge,
self-efficacy, and satisfaction

The central proposition of this model is that student outcomes are influenced by the
incorporation of best education practices into the design and implementation of the
simulation experience. Furthermore, the model posits that learning depends on the

teacher and student interactions, expectations, and roles.

[43]
Examine the differences in learning outcomes

satisfaction and self-confidence based on type of
simulation VR or HFS

[33] Evaluate the use of VR simulation compared to hybrid
simulation as a training modality

[32]
Provide new evidence in how varying levels of

immersion are perceived by nursing students using
VRS

[44]
Evaluate the use of VRS by examining two varying

levels of VS on learning outcomes and retention and
gain an understanding of the student experience

Experiential Learning
Theory (ELT)

[46]

Describe students’ experiences with VR on anatomy
and health assessment.

Applied the exploratory learning model (ELM) Kolb
extension

Stage 1: participation in a VR experience.
Stage 2: observation and reflection.

Stage 3: learning outcomes from VR experience.
Stage 4: testing new situations (e.g., planning or applying to future situations).

[28] Understand students’ feelings toward self-learning
using the VR skill education system

[34]
Examine students’ perceptions of levels of immersion,

interaction, imagination, motivation, and enhanced
problem-solving capacity with IVR storytelling

[42]
Evaluate the efficacy, attitude, and level of confidence

among nursing students as scrub nurses in a
perioperative environment via VRS

Information Processing
Theory [29]

Developed and implemented a non-stress test VR
simulator (NST-VRS) to examine students’ and

instructors’ reception

Derived from Cognitive Learning Theory (CLT); argues that sensory content can establish
itself within long-term memory through rehearsal.
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Table 6. Cont.

Theory/Framework Study Objective/s Features of the Framework

Social Learning Theory
(SLT) [27] Applying SLT combined with smart mobile devices to

increase the learning performance of nursing students

Individuals can recognise learning content, and their behaviours are affected through SLT
embedded in ICT. Application learners’ SLT to ICT could support collaborative learning

and lead to positive interactions and learning motivations.

ADDIE ModelAnalysis,
Design, Development,
Implementation and

Evaluation

[27] Investigate the development of childbirth learning
contexts

A: acquire basic data necessary to develop VR; D: set based on the results from the
analysis step, research design, and programme operation method; D: develop

prerequisite learning; I: total time; E: evaluation measurements.
[35] Develop VR simulation programme on the COVID-19

scenario and assess effectiveness

Self-Efficacy Theory [49] Used pre-briefing based on the self-efficacy theory and
designed the programme to enhance self-efficacy

“Individuals who have high self-efficacy will exert effort that, if well-executed, leads to
successful performance and outcomes, such as clinical competency and simulation

performance” (p. 2).

Observational Experiential
Learning [6] Determine whether learner role and perceived level of

presence in a simulation impacted knowledge
Incorporates ELT, SLT, and social cognitive theories.

A form of active learning that captures attention and engagement.

ARCS Model [47]
Encourage learning motivation by using strategies to
secure perceptual and inquiry arousal and variability

in programme development

Developed VR instructional design. A: attention, which induces and retains learners’
attention; R: relevance, which enables the recognition that the content learned is beneficial

for achieving learners’ goals; C: confidence that learning can be well achieved; and S:
satisfaction, which provides rewards that meet learners’ expectations.
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5.3.7. Debriefing

The duration of debriefing was specified as 20 min in three studies [35,48,49], with
others failing to include details of duration or the type of debriefing techniques employed.
Thus, participants in a large number of research studies (n = 16) cannot be assumed to have
received a debriefing or feedback after their experience.

5.3.8. Retention, Acceptability, and Effectiveness

Only one RCT reported drop-out rates [39], stating that the number of participants
who withdrew from the study were similar in the intervention (n = 3, 1.5%) and control
(n = 3, 1.5%) groups. Furthermore, fully implemented IVR interventions appeared to
demonstrate significant support for acceptability and/or effectiveness. Nevertheless, two
studies [33,43] concluded that there were no statistically significant differences between
the intervention and control groups, as both exhibited improved knowledge over time,
suggesting that IVR is just as beneficial as High-Fidelity Simulation (HFS).

5.3.9. Adverse Effects

Six articles found that participants who experienced fully IVR felt motion sickness.
Nonetheless, participants in one study were permitted to remain seated to prevent negative
consequences [40].

5.4. Characteristics of Outcome Measures

The most-used validated outcome measure relating to VRS use was the System Us-
ability Scale (SUS). The SUS is a simple ten-item scale that is considered highly reliable
(a = 0.91). Choi [31] utilised the Simulator Usability Questionnaire (SUQ) [53] and User
Acceptance Questionnaire (UAQ). SUQ evaluates usability, ease of use, and ease of learning.
UAQ covers aspects of the Technology Acceptance Model (TAM) [54]. The validity of both
instruments was not reported.

Thompson [46] used the Perceived Engagement Questionnaire (PEQ) to compare
participants’ engagement with VR and current teaching modality. Furthermore, the VR
Learning Environments (VRLE) tool was used to evaluate students’ attitudes towards IVR
and had internal consistency of 0.95 [34]. Several studies used a variety of instruments
to evaluate the users’ sense of presence, including the Presence Questionnaire (PQ) [41],
Spatial Presence Experience Scale (SPES) [38], and the Independent Television Company
Sense of Presence Inventory (ITC-SOPI) [6]. With regard to instrument reliability, it was
reported that the PQ value was 0.88, and the ITC-SOPI value was 0.962. The SPES value
was not reported.

Only one study assessed cybersickness effects through the VR Sickness Questionnaire
(VRSQ). The resulting instrument demonstrated reliability greater than 0.85 [41].

5.5. Effectiveness of IVR in Nursing Students

As outcome measures, the pedagogical benefits of fully IVR include experience and
perception, student satisfaction, clinical knowledge, skill performance, confidence, attitudes
and motivation, critical thinking, and clinical reasoning. This review’s outcomes were
categorised and assessed using Kirkpatrick’s four-level evaluation framework [55]. The
framework comprises four levels: reaction, learning, behaviour, and results. Most of the
included studies assessed more than one outcome that could be categorised within level
one and/or level two of the Kirkpatrick evaluation framework. However, none of the
studies gathered data on behaviour or results. More details on the category of outcomes are
given in Table S2 (Supplement File S2). Figure 2 shows the characteristics of interventions
and outcomes used in included studies.
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6. Discussion

A nine-step scoping review was conducted in accordance with the JBI-described
framework, and several significant results were identified. A total of 26 studies were
included in this review, published between 2018 and 2022, conducted in developed coun-
tries, and mostly adopting quasi-experimental designs. Seven papers (including mixed-
methods studies) collected qualitative data, whereas three employed qualitative research
designs [28,32,40]. It is acknowledged that qualitative research enables a deeper, in-depth
understanding of an experience [33]; however, combining elements of both quantitative and
qualitative data provides more in-depth findings related to previous research undertaken
in this area [25].

The aim of this review was to map the research field of fully IVR simulation in nursing
and midwifery education. All of the participants were undergraduate nursing students,
with only one study including nursing and midwifery students [34]. A paucity of studies
in the area of midwifery indicates the need for more studies. Research findings have
consistently demonstrated that students experience significantly improved learning gains,
heightened motivation, and increased satisfaction when VR simulation methods are used.
Furthermore, students enjoy learning experiences based on VR, expressed ease of use and
application, and acknowledge a positive impact on learning [16,28].

Experts and educators were occasionally consulted during the scenario design and de-
velopment process. However, despite the importance and feasibility of including students
in participatory approaches [56], only a single study used this strategy [35]. Participatory
design (PD) considers users to be at the centre of design processes and seeks to assure the
usability, simplicity, and intelligibility of the product for its intended end-users. It would be
beneficial to include participatory design as a framework for the co-creation of VR scenarios
for nursing and midwifery students, as it would allow designer–user cooperation [57,58].
Pears [59] indicated that when videos are co-created with students, their engagement is
enhanced, and the videos present a realistic and credible perspective.

The review has also indicated that there is a paucity of research on interactive and
immersive 360-degree VR video. For example, most IVR simulation (n = 22) research was
limited to exploring nurse education through 3D modelling. Hence, facial expressions,
emotions, and other nonverbal cues of real patients cannot be completely simulated [37],
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suggesting that the incorporation of a real actor would enhance realism and give an
enhanced sense of presence [33,60].

Additionally, most university teachers emphasised the importance of passive scenarios
as the primary method of learning and tended to be antipathetic to the concept of acquiring
knowledge through active learning, as they believed that this could lead to a loss of time
and prevent them from achieving their academic goals [61]. From a student perspective,
moving from a passive role to being the main protagonist of their learning was a significant
undertaking [62]. Future generations of students are more likely to be influenced by instant
gratification linked to their consumption of experiences [63]. In a study involving nursing
students, researchers analysed the educational benefits of using immersive 360-degree VR
video to learn about childbirth and found that students who used immersive technology
had higher learning achievement than those who used a conventional video [27].

In terms of actual study design, the duration of the IVR session was considered a
critical aspect. However, in the reviewed research, no guidelines regarding optimal IVR
session duration were provided, but the length of IVR simulation varied from eight minutes
to one hour. This mirrored a similar lack of IVR assessment duration found in a scoping
review of healthcare patient education [64].

Sharples [65] indicated that prolonged use of IVR has been linked to an increase in
the possibility of developing adverse effects. Therefore, researchers in the literature on
educational video use concur that videos should be presented in short portions to optimise
learner concentration [66].

Motion sickness, also known as VR sickness, is a key barrier to the effective use of IVR.
To lessen potential negative outcomes, researchers have instructed participants to engage in
IVR while seated [40] or excluded participants with a history of motion sickness or mental
disorders [40,42]. Researchers should also consider that IVR sickness can be reduced by
greater immersion, higher graphics and sound quality, and clearer explanations [67]. When
designing successful IVR applications, it is essential to provide high-quality sound to
enhance the sense of immersion and realism for the user and to reduce potential negative
VR side effects [37,67].

The lack of a clear theoretical framework was the primary limitation in the reviewed
papers. This had also been noted in a scoping review of IVR in undergraduate medical
education, where only 2.6% of the studies incorporated theoretical frameworks in their
design [68]. The inclusion of a theoretical framework allows researchers to discuss their
findings in terms of existing theories and would assist in enhancing the quality, clarity, and
repeatability of research [68,69].

In studies using a theoretical framework, the NLN/Jeffries Simulation Framework [3]
was the most frequently used. Yu [48] indicated that the effectiveness of learning is de-
pendent on the interactions between students and teachers. However, in IVR simulations,
students do not directly interact with instructors, making it challenging to apply this con-
cept in IVR programmes. There are alternative frameworks that can be used, including the
Technology Acceptance Model (TAM) used to design digital information systems and to
study the acceptability of technology [12]. A review of TAM involving over 400 articles
published between 1999–2017 revealed that the model was widely used in fields related to
education [70]. Yang [71] used 360-degree video to teach nursing students physical exami-
nation techniques and the results indicated that ease of use enhanced students’ interest,
engagement, and motivation to learn. Fokides [12] agreed and suggested examining the
influence of 360-degrees videos on learning through the TAM to determine if students’
willingness to use is associated with enhanced achievement of stated learning outcomes.

The ADDIE model was used for instructional design to develop teaching materials
in most studies [27,35] and was successful for developing a cybersecurity in healthcare
workshop, resulting in significant increases in participants’ confidence levels [72].

Debriefing is a key element of health professional education and is based on cognitive
reasoning processes, involving reconstructing experiences to identify behaviours and
actions that can be modified or improved [18]. Although debriefing is regarded as a vital
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component of educational simulation, it was not mentioned in over 60% (61.5%) of studies
in this the review. Researchers who did use debriefing did not specify which type they
employed. Similarly, a meta-analysis for assessing the efficacy of neurosurgical simulation
reported that few researchers reported the debriefing process [73]. There are two types of
debriefing that can be embedded in simulation education: structured and unstructured.
Structured debriefing is commonly used in nursing simulation, and it has been shown that
it can improve the learning outcomes [74,75]. In contrast, unstructured debriefing can be
useful in revealing various details of a learners’ experience [18]. An RCT comparing virtual
environments with and without debriefing revealed that computer debriefing improved
midwifery students’ nontechnical skills, self-efficacy, and knowledge [76]. As a result,
when using IVR simulation, time allocated is needed for debriefing so that students can
share their insights and further develop their knowledge [48].

Outcome measures were classified according to Kirkpatrick’s evaluation framework.
Level 2 of the model corresponds to the most measurable outcomes: knowledge and
confidence. Knowledge was assessed using MCQs [16] or true/false questions [30], with
results demonstrating significant improvements in knowledge [27,35]. However, reviews
of virtual simulation in undergraduate medical education have identified a lack of evidence
on IVR effectiveness on levels 3 and 4 of Kirkpatrick’s model that focus on behaviour
and results [77]. Similarly, the lack of research based on longitudinal designs to assess
VR education’s long-term effects found in this review may be due to the infancy of the
underlying technology [78].

A further essential aspect of using fully IVR as a learning tool is how to minimise costs,
which is a major consideration for decision makers considering the adoption of IVR solu-
tions (e.g., curriculum or university course designers). The costs associated with IVR serve
as a barrier to its use in healthcare education and delivery [17]. Immersive VR technology
is constantly evolving, can be costly, and requires regular maintenance and updating [35].
There are, however, low-cost IVR systems available by combining the capabilities of smart
devices and 360-degree video. These systems have been found to achieve effectiveness in a
variety of health situations, including labour [27] and mental health [37]. Consequently,
affordable IVR technologies have the potential to reduce technology access disparities and
increase future utilisation in healthcare education [40].

A methodological strength of this review involves an extensive and in-depth analysis
of completed studies in the IVR field. Nonetheless, this review is limited to studies that
used HMDs to introduce VR to undergraduate NMSs. Moreover, it is possible that, despite
the researcher teams best efforts, some articles might have been missed.

Implications for Future Research and Practice

The insights from this review can inform future research into the feasibility and efficacy
of IVR in undergraduate nursing and midwifery education. Further research is required,
particularly a qualitative exploration, to better understand and address the challenges
affecting educational intervention and the student experience. To aid in the design and
implementation of IVR systems in a range of academic contexts, more research is needed to
determine comparisons between different HMDs and their effects on user presence and
cost-effectiveness. Research is also needed to determine the impact an intervention has
on certain learning outcomes, with an emphasis on the Kirkpatrick Model’s levels 3 and
4—behaviour and results. This would allow for more clarity and in-depth understanding
of the specific training effects, from initial reactions and knowledge acquisition (Levels 1
and 2) to long-term changes in behaviour and tangible results in relation to clinical practice
and patient safety.

7. Conclusions

There has been an increased use of full IVR in nursing education, which has demon-
strated improvements in student learning outcomes. However, the published literature
on the use of IVR in midwifery education is scarce. The limited availability implies that
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there is a significant opportunity for more investigation and analysis to gain a thorough
understanding of the potential benefits, difficulties, and efficacy of incorporating IVR into
midwifery education practices. The impact and effectiveness of IVR depends on its design,
content, and implementation. Therefore, the value of including key stakeholders in the
co-design process should be further incorporated into the development process. There is a
notable absence of innovative IVR modalities like 360-degree video and smartphone VR in
the literature. The demonstrated cost-effectiveness of this design type highlights its poten-
tial significance. Further research is needed, particularly at levels 3 and 4 of the Kirkpatrick
framework, as longitudinal studies are currently lacking, and insights into longer term
benefits are lacking. It is crucial that future research includes theoretical frameworks in the
creation of IVR applications. Additionally, the implementation of debriefing sessions and
guidelines for VR session durations should be carefully considered. These considerations
are critical for optimizing the efficacy and impact of IVR-based education.
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