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Abstract 

Introduction With the rapid evolution of healthcare environments, effective and accessible experiential learning 
has become an integral part of health education. Virtual reality (VR) poses the advantage of providing users with a vir-
tual, immersive experience, to allow them to interact with elements of a simulated environment. This scoping review 
aims to evaluate the use of virtual reality (VR)-based simulation for the training of situational awareness (SA) and deci-
sion-making (DM) for undergraduate healthcare education.

Methods A search was carried out across eight databases, namely: MEDLINE, Embase + Embase Classic, Scopus, 
Google Scholar, PubMed, CINAHL, ERIC, and PsycINFO. Studies evaluating the use of VR and its extended interfaces 
(i.e., augmented reality (AR) and mixed reality (MR)) for training SA and DM in undergraduate healthcare education 
were included.

Results Of 3932 studies retrieved from the database search, 35 studies were included within the review. VR-based 
interventions were used across a range of healthcare profession trainees, including nursing, medical, paramedical, 
midwifery, and healthcare assistant students. Seventeen studies used screen-based VR interventions, and 16 stud-
ies used head-mounted devices (HMD). One study used both screen-based and HMD interventions and one further 
augmented reality. Twenty-nine studies assessed the role of the intervention in DM training, and 6 studies assessed 
its role in SA training. Eighteen studies used validated assessment tools, and 17 studies used educational theories 
to underpin their learning techniques.

Conclusions The role of VR in training of SA and DM for healthcare professions has been well recognized, as dem-
onstrated by the increasing number of studies. There is need for consensus of reporting for such studies to ensure 
a high-quality body of evidence with standardized outcome assessment.

Keywords Virtual reality, Extended reality, Scoping review, Situational awareness, Decision-making

Introduction
Continued growing demand for trained healthcare pro-
fessionals alongside pressured health systems globally 
has made the need for further development of effective 
and accessible experiential educational opportunities 
apparent [1]. Evolving healthcare environments, soci-
etal expectations, and rapidly evolving medical research, 
along with a growing focus on holistic, patient-centred 
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care, has posed significant challenges to traditional 
healthcare education curricula. The use of technol-
ogy, including simulation-based methods, in response 
to these challenges has proved promising for improved 
knowledge acquisition, decision-making, skill coordina-
tion, and preparation for competent practice of health-
care professionals in training [2].

Simulation-based learning is defined as “an array of 
structured activities that represent actual or potential 
situations in education and practice” [3]. The concept of 
simulation can be perceived to be complex, with multi-
ple definitions and categorizations. While simulation 
has been described as a “technique not a technology” 
[4], there are several diverse modes of delivery by which 
simulation-based methods can be classified: human 
patient actors, mannequin-based simulators, computer-
based simulations, or virtual reality simulators (VR), for 
example [5]. Virtual simulation has been described as a 
broad term referring to computer-based programs which 
use varying types of technology to present scenarios; 
however, previous authors note that terminology in this 
field is often confusing [6, 7]. Computer-based simula-
tions allow users to interact with patients usually via a 
screen-based interface [3, 5] which may include a virtual 
environment as well as virtual patient, whereas VR is a 
technology which provides the user with an illusion of 
immersion and presence [7] within a computer-gener-
ated environment while allowing them to interact with 
its elements. Over the past decade, further definitions in 
the spectrum of VR interfaces have been described with 
the latest version of the Healthcare Simulation Diction-
ary [3] including augmented reality (AR), a type of VR 
where real-world elements are supplemented with com-
puter-generated factors such as audio, graphics used to 
enhance the learning process [3] and mixed reality (MR), 
and the merging of virtual and real-world elements along 
the “virtuality continuum” [3] to facilitate the real-time 
interaction of digital and physical elements [8]. Often, 
these technologies are grouped under an umbrella term 
as extended reality (XR). VR environments have often 
been described based on the technology being used, 
for example head-mounted display (HMD-VR) or other 
technologies such as computer-based virtual reality envi-
ronments controlled by mouse, keyboard, voice, or haptic 
devices [8]. More recent descriptions of VR attempt to 
categorize VR into immersive VR where the user wears a 
display (such as a HMD) or non-immersive where a com-
bination of screens surrounds the user presenting virtual 
information [3].

Simulation-based education has been widely used 
for both practical skills as and non-technical/behav-
ioural skills (NTS) education encompassing the social 

and cognitive capabilities required within healthcare 
environments [9]. NTS include but are not limited to 
decision-making (DM) and situational awareness (SA), 
which will be the focus of our article. Clinical DM is 
a complex process which involves combining critical 
thinking, and clinical knowledge with awareness of the 
situation, and patient’s wishes [10]. According to the 
Endsley model, SA is a combination of the perception 
and comprehension of elements of a situation and sur-
rounding environment, along with the ability to project 
the future status of the situation [11]. SA is known to 
contribute to the process of dynamic decision-making, 
making it a core training skill [11].

While skills of SA and DM are traditionally learnt 
via experience on clinical placements, research into 
the development of such skills in an undergraduate 
population is crucial due to their limited exposure to 
clinical practice. With increasing numbers of health 
professions students and the difficulties of assessment 
of these skills on clinical placements, it is important for 
clinical educators to adopt new technologies to address 
this gap [1, 12, 13].

Despite a multitude of review articles examining the 
use of simulation training for non-technical skills, there 
seems to be a lack of reviews focussing on the use of 
VR for the development of SA and DM skills [14–16]. 
Hence, we sought to examine the use of VR across the 
spectrum of undergraduate health professionals’ educa-
tion specifically focussing on the key behavioural skills 
of SA and DM [17, 18]. In this review, we will use the 
term “behavioural skills” instead of the more traditional 
term “non-technical skills” as this better reflects mod-
ern understanding of both simulation and real-world 
practice terminology [17, 18]. Behavioural skills are 
defined as the cognitive, social, and personal skills that 
complement technical skills, contributing to safe and 
efficient task performance [19].

This scoping review aims to evaluate the breadth and 
depth of the evidence of the use of VR in the teach-
ing and assessment of SA and DM in undergraduate 
healthcare professions education. Specific questions 
this review aims to answer are as follows:

1) In what contexts are VR, AR, and MR used within 
simulation training for SA and DM in healthcare pro-
fessions education?

2) What outcome measures are used to examine the 
impacts of VR, AR, and MR use within simulation 
training for SA and DM?

3) What educational theories underpin VR, AR, and 
MR use within simulation training in healthcare pro-
fessions education?



Page 3 of 31Chandanani et al. Advances in Simulation           (2025) 10:18  

Methods
The study methodology, rationale, protocol, and search 
strategy have been previously described [20]. In sum-
mary, the scoping review utilized the framework 
described by Arksey and O’Malley [21]. This consisted 
of identification of relevant literature, selection of stud-
ies, mapping out the data, and synthesizing and report-
ing of results.

In this review, we used the definition of VR as 
described by Abbas et  al.: “VR is a three-dimensional 
computer-generated simulated environment, which 
attempts to replicate real world or imaginary environ-
ments and interactions, thereby supporting work, edu-
cation, recreation, and health” [22]. The principles of 
a three-dimensional computer-generated simulation 
of reality to support education were taken to include 
studies with all extended realities as well as patients 
represented in virtual environments where participants 
could interact with both the patient and wider environ-
ment including computer-based simulation.

Databases and search strategy
The scoping review is reported in accordance with the 
Preferred Reporting Items for Systematic review and 
Meta-Analysis Scoping Review extension (PRISMA-
ScR) (Appendix  2) [23]. A systematic search was con-
ducted to identify relevant studies looking into the 
use of VR, AR, MR, and computer-based simulation 
modalities for the training of SA and DM in health pro-
fessions’ education on 9th July 2023 using Ovid MED-
LINE, Embase, PubMed, Google Scholar, CINAHL, 
Scopus, PsycINFO, and ERIC databases. Relevant syno-
nyms and Medical Subject Headings (MeSH) were used 
to carry out the search using the keywords as follows: 
(“Virtual Reality” OR “Mixed Reality” OR “Augmented 
Reality”) AND “Education” AND “Healthcare Profes-
sionals” AND “Non-technical skills”. A detailed descrip-
tion of the search strings used on the databases can be 
found in Appendix 3.

Eligibility criteria
Included studies were (1) peer-reviewed empirical pri-
mary research studies or published academic work (2) 
of quantitative or qualitative study designs, (3) look-
ing into VR, AR, MR, or computer-based simulation 
techniques (4) for the training and assessment of DM 
and SA (5) in undergraduate healthcare students (6) in 
clinical workplace or education environments. Stud-
ies were excluded from review if as follows: (1) There 
was no available English language translated text, (2) 
review articles, and (3) studies which did not include 
extractable information for outcomes for SA or DM. 

The reference list for all excluded review articles was 
screened for texts that met the inclusion criteria.

Study selection
The results from the database search were screened 
simultaneously by three independent reviewers (each 
result being screened by two reviewers) in two stages: (1) 
title and abstract screening against pre-defined inclusion 
and exclusion criteria, followed by (2) full-text screening. 
Reviewers were blinded to each other’s decisions during 
the screening process. Reviewers were unblinded at the 
end of each stage, and discrepancies were resolved in the 
presence of a third adjudicator through discussion and to 
support calibration for future rounds.

Data charting
A data extraction form was designed (Appendix  3) 
to ensure standardized data extraction. The data was 
extracted under the following headings: Study charac-
teristics (study title, author, journal, year of publication, 
country of origin, type of study), Participant character-
istics (total population selected, number of controls, 
number of cases), and Outcomes (outcomes measured, 
mode of measurement, conclusion(s) drawn, educational 
theories outlined). Relevant data was extracted from all 
included studies by one reviewer. Where appropriate, 
data has been displayed in the form of tables supple-
mented with narrative review.

Results
Selection process and study characteristics
The process of selection of the included studies has been 
detailed in Fig.  1. Of 3932 articles retrieved from the 
database search, 3423 papers were deemed eligible for 
screening by title and abstract after de-duplication. Two-
hundred eighty-one articles were screened by full text 
for inclusion within the study, of which 33 were included 
[24–56]. While reviews were excluded from the study, 
the reference lists of reviews were screened for relevant 
texts. Two studies were selected for inclusion within the 
study from reference list screening, resulting in a total of 
35 papers deemed eligible for inclusion [57, 58]. Of the 
35 studies included for review, 9 studies were from the 
United States of America (USA) [24, 29, 31, 32, 34, 36, 
38, 41, 45], 6 were from South Korea [39, 42, 43, 49, 50, 
56], 3 were from the United Kingdom (UK) [47, 57, 58], 3 
were from France [26, 27, 46], 2 were from Japan [40, 54], 
2 from Australia [48, 51], 2 from Canada [25, 55], 2 from 
China [33, 35], and 1 each from Switzerland [28], Taiwan 
[30], Turkey [37], Germany [44], Ireland [52], and Finland 
[53]. All study characteristics are detailed in Table 1.
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Use of VR interventions within simulation training for SA 
and DM
Seventeen studies used computer-based VR interventions 
[25, 26, 28, 29, 34, 35, 37, 41, 45–47, 49–51, 54, 55, 58], 
while 16 studies used HMD-VR [24, 27, 31–33, 36, 38–
40, 42–44, 48, 52, 56, 57]. The computer-based interven-
tions were predominantly screen based; however, three 
studies employed tablet- or mobile-based VR [35, 37, 45]. 
Sara et al. [53] used both computer-based and HMD VR 
interventions in their study [53]. Chen and Liou classified 
their application viewed from a smartphone as AR [30]. 
Nine studies compared VR-based interventions to tradi-
tional teaching or mannequin-based simulation methods 
[26, 35, 37, 39, 42, 43, 47, 49, 56] (Table 2) .

Participants and outcomes measured
Twenty-four articles looked at the role of VR for behav-
ioural skills in nursing education [24–27, 29–31, 34, 35, 
37–39, 41–43, 49–53, 55–58]. Ten articles looked at the 
role of the intervention for medical students [24, 28, 
32, 33, 36, 40, 44, 45, 47, 54], 2 for paramedical educa-
tion [40, 48], 1 for midwifery education [46], and 1 for 
healthcare assistant education [55]. Three papers studied 

the intervention in multiple groups of undergraduate 
healthcare professionals [24, 40, 55]. Twenty-nine articles 
studied the role of the intervention in training clinical 
judgement and related skills (i.e., problem-solving, deci-
sion-making, clinical reasoning) [25, 26, 30–44, 46–54, 
56–58], and 6 articles looked at SA [24, 27, 28, 45, 46, 55]. 
One article looked at the effect of asynchronous debrief-
ing on the virtual simulation experience [29]. The results 
and intervention-outcome effects of each study can be 
found in Table 3.

Outcome measures used to assess impact of intervention 
on SA and DM
Eighteen studies used a validated method of assess-
ment for outcome measurement [25, 27, 29, 31, 32, 
34, 37–39, 41, 43, 46, 48–50, 53, 56, 57]. Of these, four 
studies used the Nursing Anxiety and Self Confidence 
with Clinical Decision-Making Scale (NASC-CDM) 
[25, 37, 39, 57], and three studies used the Lasater 
Clinical Judgement Rubric (LCJR) [34, 38, 50]. Details 
of other tools and methods of assessment can be found 
in Table 4.. The remaining 17 studies used a combina-
tion of project-developed Likert scale questionnaires, 

Fig. 1 PRISMA flow diagram summary of search and screening process
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semi-structured interviews, one-to-one interviews, 
and focus groups to assess the outcomes [24, 26, 28, 
30, 33, 35, 36, 40, 42, 44, 45, 47, 51, 52, 54, 55, 58].

Educational theories underpinning VR simulation training 
for SA and DM
Seventeen articles described educational learning theo-
ries [59] which would guide the technique of learning 
with the intervention [25–27, 29, 37, 40–44, 50, 51, 53, 
55–57, 60]. Eight papers used experiential learning theory 
[25, 26, 29, 37, 40, 42, 44, 50]; two papers used construc-
tivist learning theory [41, 51], two papers used gamifi-
cation [64] [53, 57] — a theory used to describe the use 
of game design elements in non-game contexts, rooted 
in behaviourism (see Wang et al. for further description 
[61]); two papers used the 3D model of debriefing [27, 
29]; two papers used Jeffries Simulation Theory [55, 60]; 
one paper used the 5E circular learning model [43]; and 
one paper used Keller’s attention, relevance, confidence, 
and satisfaction (ARCS) model [56]. Eighteen articles did 
not report the use of educational theories to guide the 
learning techniques using the intervention [24, 27, 28, 
30–36, 38, 39, 45–49, 52–55, 58]. Details of the learning 
theories used in each study can be found in Table 4. (for 
further information on learning theories, see Taylor and 
Hamdy [59]).

Discussion
To the best of our knowledge, this is the first scoping 
review that provides a comprehensive synthesis of evi-
dence surrounding the use of VR for the training of SA 
and DM skills for healthcare education. VR is a revolu-
tionary technology that has the potential to remodel the 
landscape of healthcare education. As a result, it has 
attracted significant academic interest, with educators 
and academics exploring optimal contexts and methods 
for the use of VR in healthcare education. VR poses the 
advantages of accessible training “on demand” either in 
its immersive or non-immersive forms [5, 62].

VR‑based terminology
Within this review, VR was defined as technology that 
provides the user with a three-dimensional (3D) digital 
environment while allowing them to interact with its ele-
ments [22]. VR can be broadly categorized as immersive 
(consisting of HMDs, allowing complete involvement 
within the task environment) and non-immersive (con-
sisting of screen-based displays which can be manually 
navigated by the user) [63, 64].

While studies were excluded if they had interventions 
that were not considered 3D or interactive, included 
studies were found to have high levels of disparity within 
their definitions of VR interventions. When categorizing 

studies based on use of immersive and non-immersive 
interventions, it was found that 16 studies employed the 
use of HMD-based VR, while the other 17 used screen-
based non-immersive modalities. This disparity in terms 
of definitions of what constitutes VR has been described 
previously with Kardong-Edgren et al., calling for unify-
ing definitions of VR, suggesting elements such as level of 
immersion considering characteristics of presence, based 
on the senses of the learners which various technologies 
are designed to deceive, are reported [7].

A recent review found that subjectively, learners report 
enjoying training with HMD, and advances in technology 
now result in fewer adverse effects such as “cybersick-
ness” [65]. It is likely that the higher numbers of non-
immersive VR studies in our review relate to the fact that 
SA and DM can be represented easily using non-immer-
sive technologies, requiring less specialized equipment 
and are cheaper than immersive-VR options [66]. Cant 
and Ryan’s recent mapping review describes the range of 
virtual environments and technologies available for use 
within nursing education, either paid-for subscription 
options or open-access options using various technolo-
gies [67].

Winn [68] described learning in artificial environments 
to be influenced by both the adaptation of the learner 
to the environment, and the environment to the learner 
[68], highlighting the role of immersion in the learning 
experience. It is imperative that the right form of simu-
lator is utilized to match the desired learning outcomes; 
however, it is noted that this is a complex and challenging 
process. Goodwin and Nestel describe the affordances 
and limitations of different simulation modalities, in par-
ticular associated cost benefits and flexibility/accessibil-
ity associated with computer-based VR simulations and 
the potential of improved psychological safety with solo 
use HMD-VR simulations [69]. This highlights the need 
for educators to consider the advantages and disadvan-
tages posed by the level of immersion within given con-
texts, particularly with the increasing availability of XR/
AR technologies where the user can interact with parts 
of a real-world environment with virtual overlays. Shin 
et  al. recently conducted an integrative review into the 
use of virtual simulation in nursing which described vir-
tual-specific characteristics that educators need to con-
sider alongside general simulation characteristics when 
designing VR educational strategies [70]. These included 
instructor competency, mode of representation, par-
ticipant role, interaction, type of platform, theoretical 
framework, and virtual ethics [70]. Without having clear 
descriptions and definitions within the included studies, 
it is challenging to draw firm robust conclusions. Our 
findings support those of Nuha et  al. who reviewed the 
distance simulation literature which found an absence of 
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Table 4 Educational theories and methods of assessment

Author, year of publication Educational theory (if any) Validated 
assessment 
tool

Unvalidated 
assessment 
tool

Method of assessment

Adhikari et al., 2021  [57] Gamification X • NASC-CDM scale
• Qualitative data collection: Informal 
debrief and semi-structured interviews 
(focus group or one to one)

Anbro et al., 2020  [24] NA X • Predetermined verbal checkback 
opportunities
• Eye gaze metrics for predetermined 
areas of interest

Atthill et al., 2021  [25] Experiential learning theory X • NASC-CDM

Blanie et al., 2020  [26] Experiential learning theory X • Script concordance tests (SCT) — 
case-based tests consisting of short sce-
narios for which each trainee must 
interpret newly formulated information 
against a baseline to modulate the final 
decision along a 5-point Likert scale
• Self-assessment of perceived change 
in clinical reasoning process
• Questionnaire to assess students’ 
perceived satisfaction, motivation 
towards learning, and effectiveness 
of the instructional design

Bracq et al., 2021  [27] 3D model of debriefing X X • Data regarding detected errors, time 
for detection, and trajectory patterns 
in the virtual OR for each participant
• Situational Awareness Rating System 
(SART; Taylor, 1990)
• The NASA Task Load Index (NASA-TLX; 
Hart and Staveland, 1998)
• State-Trait Anxiety Inventory (STAI-Y; 
Marteau and Becker, 1992)
• Collective debriefing
• Questionnaire for attitudes and satis-
faction post-simulation

Carrard et al., 2020  [28] N/A X • Focus groups

Casler et al., 2022  [29] Experiential learning theory, 3D model 
of debriefing

X • Debriefing Experience Scale (DES)
• Post-test survey — open-ended ques-
tions

Chen and Liou, 2022  [30] N/A X • Focus-group interviews (consisting 
of six 50-min sessions with 13–14 par-
ticipants each)

Cieslowski and Haas, 2023  [31] Jefferies Simulation Theory X X • Debriefing after each VR simulation 
session
• Weekly student reflections
• Simulation Effectiveness Tool-Modified 
(Leighton et al., 2018) online survey

Colonna et al., 2022 [32] NA X • Satisfaction with Simulation Experi-
ence Scale (SSES)
• Fast Form of Technology Acceptance 
Model (FF-TAM)

Du et al., 2022  [33] NA X • Knowledge acquisition regarding non-
technical skills (NTS) form
• Real-world scenario-based tests
• Knowledge acquisition test

Fogg et al., 2020  [34] NA X X • Lasater Clinical Judgement Rubric 
(LCJR)
• Individual case scores and number 
of attempts
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Table 4 (continued)

Author, year of publication Educational theory (if any) Validated 
assessment 
tool

Unvalidated 
assessment 
tool

Method of assessment

Hu et al., 2022 [35] NA X • Twenty multiple-choice questions 
to test mastery of essential disaster 
evacuation management educational 
knowledge and decision-making 
abilities — administered as a pre-test, 
posttest, and final test
• Instructional mode opinion survey

Jayasundera et al., 2022  [36] NA X • Pre-post-virtual reality simulation con-
fidence ratings (17-item questionnaire)

Sahin Karaduman and Basak, 
2023 [37]

Experiential learning cycle X X • NASC-CDM
• Simulation-Based Learning Evaluation 
Scale
• Performance assessment forms
• Student feedback forms

Pardue et al., 2022 [38] NA X X • Clinical judgement rubrics by Tanner 
and Lasater
• Focus groups

Kim et al., 2023 [39] NA X X • 12-item multiple-choice written exami-
nation
• NASC-CDM
• Learning immersion in simulation 
instrument by Ko
• The State Empathy Questionnaire 
by Shen
• Usability instrument by Ingrassia et al

Kiyozumi et al., 2022 [40] Experiential learning cycle X • Number of clears within the VR simula-
tion program at 5-min intervals

Kleinheksel, 2014  [41] Constructivist theory (situated 
cognition and transformative learning 
theory)

X • Reflection rating rubric (Cook (2010)) 
—clinical reasoning and implications 
for practice reflection

Lee et al., 2022  [42] Experiential learning theory X • Multiple-choice questionnaire (MCQ) 
for knowledge acquisition (18 item), 
problem—solving (30 items)
• Likert scale questionnaire for learning 
satisfaction (nine items)

Lee et al., 2023  [43] 5E circular learning model X • Severity classification competency 
measurement tool (Moon)
• Confidence in Performance in Clinical 
Nursing Scale (Kim)
• Clinical Decision-Making in Nursing 
Scale (Jenkins)
• Simulation Design Scale (National 
League for Nursing revised by Yoo)

Mahling et al., 2023  [44] Experiential learning X • Questionnaire to assess learner per-
spectives on the curricular implementa-
tion of VR in emergency medicine (13 
items, 5-point Likert scale)

Mascarenhas et al., 2023 [45] NA X • Virtual room of errors entry form
• Evaluation of the simulation experi-
ence (via Jotform)

McCallum et al., 2011  [58] NA X • Semi-structured, tape-recorded, one-
to-one interview

Michelet et al., 2020  [46] NA X • Questionnaire based on International 
Liaison Committee on Resuscitation 
recommendations
• Neonatal resuscitation performance 
evaluation (NRPE) system
• Anaesthetists’ non-technical skills 
(ANTS) observation system

Middeke et al., 2018  [47] NA X • Formative key feature examination
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standardization of terminology within that field which 
made the review challenging [71].

Outcome measures to assess SA and DM within VR 
simulation
It was encouraging to see the use of validated outcome 
measures for SA and DM across 18 of the 35 included 
studies. The Kirkpatrick training model is a standard-
ized framework to objectively evaluate the outcomes of 
training interventions at different levels [72]. This consid-
ers four levels of outcome evaluation, namely reaction of 

the learner, learning or skills acquired, behaviour or per-
formance measures, and organizational outcomes [72]. 
While the included studies reported outcomes for learner 
reaction and acquired skills, there were no reports of 
behaviour or organizational outcomes.

Evaluating higher levels of the Kirkpatrick model in 
the context of SA and DM would pose the challenges of 
(1)  reliable outcome measures to assess the changes in 
learner behaviour after SA and DM skill acquisition and 
(2) evaluating the effect of such skills on patient care at 
an organizational level. However, Kardong-Edgren [72] 

Table 4 (continued)

Author, year of publication Educational theory (if any) Validated 
assessment 
tool

Unvalidated 
assessment 
tool

Method of assessment

Mills et al., 2020 [48] NA X X • Heart rate via Polar S610i watches 
and chest straps
• National Aeronautics and Space 
Administration Task Load Index (NASA-
TLX)
• Simulation Design Scale
• Triage card placement
• Focus groups

Park et al., 2022  [49] NA X • Problem-Solving Process Behavior 
Survey (Park and Woo)
• Nurses’ Clinical Reasoning Scale (NCRS) 
Korean Version
• Reflective Learning Continuum (Peltier 
et al.)
• National League for Nursing self-
confidence and satisfaction with practi-
cum scales

Rim and Shin, 2022  [50] Experiential learning theory X • Lasater Clinical Judgement Rubric
• Korean Nurses’ Core Competency Scale

Rogers, 2011  [51] Constructivist learning theory X • Individual interviews

Saab et al., 2021  [52] N/A X • Sociodemographic questionnaire
• Face-to-face individual/focus-group 
interviews

Sara et al., 2021 [53] Gamification X • Clinical Reasoning Skills scale (CRS) 
(Levett-Jones et al.)
• Simulation metrics

Watari et al., 2020  [54] N/A X • 20 multiple-choice questions — 10 
knowledge and 10 clinical reasoning 
based. Administered before and after 
the intervention

Williams et al., 2020  [55] NLN/Jefferies Simulation Framework X • Semi-structured questionnaire

Yang and Oh, 2022  [56] Keller’s ARCS model X • Neonatal resuscitation nursing knowl-
edge measurement tool standardized
• Problem-solving ability by adult’s tool
• Korean version of Nurses Clinical 
Reasoning Scale
• Self confidence in performing neonatal 
resuscitation tool standardized
• State-Trait Anxiety Inventory (STAI) 
translated in Korean
• Learning Motivation Test Paper (Son 
and Keller (2001))

NA Not applicable, NASC-CDM Nursing anxiety and self-confidence with clinical decision-making, 3D three dimensional, ARCS Attention, relevance, confidence, and 
satisfaction
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highlighted the importance and need for the evaluation 
of such long-term outcomes in simulation research, to 
better justify the introduction of such modalities into 
healthcare education [73]. Our findings align with a 
2024 umbrella review of the in-person simulation litera-
ture where 83% of studies focussed on level 2 outcomes 
[74]. Our findings, which is most of the studies are at 
the lower end of the Kirkpatrick framework, are not sur-
prising given the relative infancy of the introduction of 
these technologies within this particular area of health-
care education and identify future research opportunities 
focussing on how this can be transferred into higher level 
outcomes [71]. A recent meta-analysis of VR in nursing 
education suggested that VR was more effective than 
control conditions in knowledge improvement however 
found no difference when assessing skills, satisfaction, or 
confidence [75].

Educational theories underpinning the use of VR 
in healthcare education
Only 13 of the included studies reference specific learning 
theories; the majority is describing experiential learning 
while the others describing constructivist, gamification, 
Keller’s ARCS model, and the 5E circular learning model 
(Table 4.). This meant 22 of the included studies did not 
describe the utilization of learning theories when deliver-
ing the VR simulation training intervention.

All educational interventions are complex interven-
tions [76], and therefore, a key aspect of their design 
process should be the use of an underpinning theoretical 
framework, meaning at the design stage there should be 
theoretically driven hypothesis of why the intervention 
should work in a particular context; this understanding 
should be evidenced in any publication describing the 
use or development of a teaching intervention. To ensure 
instructional design for novel educational tools such as 
VR, the underpinning learning theories should be well 
described to better suit the desired learning outcomes of 
the simulation exercise [77]. In accordance with instruc-
tional design models, it is imperative that methods of 
instruction are clearly researched and outlined dur-
ing the development phase of an intervention to ensure 
effective design and implementation [78]. Application of 
education theories not only enhance the efficacy of the 
training but also provide a framework for evaluation to 
enhance understanding of how such interventions work 
and how they could be revised to improve their efficacy 
further [59].

Strengths and limitations
Scoping reviews are a useful tool to determine the 
scope and coverage of published literature on a given 
topic, particularly in emerging disciplines where the 

number of studies that are available restricts the pos-
sibility of systematic reviews [79]. A significant strength 
of our review is its adherence to the robust framework 
described by Arksey and O’Malley and reporting as per 
the PRISMA-ScR guidelines [21, 23] identifying 35 stud-
ies for inclusion.

Our review is not without limitations. Our review 
was limited to English language articles, and our search 
therefore may have missed articles from other languages, 
introducing potential bias into the search results. A sig-
nificant limitation to this review was the variability in 
definitions of our intervention of interest, VR, within 
included studies. Confusion regarding terminology 
within this field has been noted previously, with the 
understanding of the components of VR being variable 
[22]; this may have impacted the ability to identify rel-
evant studies via our search terms. However, to stand-
ardize the intervention for the purpose of this review, 
we used the definition by Abbas et al., to include studies 
assessing SA and DM training using a wide range of “vir-
tual” interventions encompassed by VR [22]. The broad 
definition of the virtual environment in use allowed us to 
evaluate the various virtual simulation techniques cur-
rently used to train SA and DM skills.

Additionally, there was a lack of standardization of 
the definitions of SA and DM within the included stud-
ies, with some studies using “clinical judgement” and 
“decision-making” interchangeably. While the reviewers 
attempted to be systematic in the process, this may have 
led to the potential exclusion of some relevant research. 
Another potential limitation was the extraction of data by 
a single researcher. We also note that our inclusion cri-
teria focussed on undergraduate programmes only and 
recognize that many healthcare professions programmes 
across the world are classified as graduate education pro-
grammes limiting the generalizability of this review in 
these settings. Scoping reviews are designed to map the 
territory on a given subject, and as such do not routinely 
assess the risk of bias or methodological rigour of the 
included studies which may limit the applicability of the 
results [80].

Future work
Our scoping review was able to identify multiple future 
research priorities within the field of simulation-based 
education research. Firstly, the lack of standardization of 
VR-based intervention terminology and outcomes such 
as SA and DM call for consensus on standard definitions 
and reporting measures for educational research in this 
field. This would allow for more homogenous reporting 
of simulation-based studies.
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Secondly, we recommend additional research compar-
ing immersive and non-immersive VR interventions for 
training of behavioural skills, to ascertain the most opti-
mal approach. Lastly, we recommend research to evalu-
ate long-term impacts of VR-based training on learner 
behaviour and patient experience to strengthen the evi-
dence surrounding VR-based modalities in the training 
of behavioural skills.

Conclusion
This scoping review has mapped how VR is being used 
across the spectrum of health professionals’ education to 
teach and assess SA + DM. We recommend the develop-
ment of standardized reporting guidelines for VR studies 
within healthcare education to ensure increased qual-
ity of studies within this area and for clear descriptions 
of level of immersion and presence to be described. We 
would encourage authors to adhere to the definitions and 
terminology as per the latest edition of the Healthcare 
Simulation Dictionary to enhance the standardization of 
reporting allowing readers to fully understand what tech-
nologies were used and how they are implemented [3]. 
Included studies reported a variety of outcome measures 
ranging from validated SA + DM scales to Likert scale 
questionnaires and interviews. Around half of included 
studies reported clear educational theories when describ-
ing their VR interventions. We would encourage future 
VR researchers to describe the educational theories 
which apply when implementing VR interventions.
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