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Abstract

Background: Virtua reality (VR) has emerged as a promising tool in health promotion and prevention psychology. Its ability
to create immersive, engaging, and standardized environments offers unique opportunities for interventions and assessments.
However, the scope of VR applications in thisfield remains unclear.

Objective: Thisscoping review aimsto identify and map the applications of VR in health promotion and prevention psychology,
focusing on its uses, outcomes, and challenges.

Methods: A systematic search was conducted across 3 electronic databases (PubMed, PsycINFO, and Scopus) for studies
published between 2010 and 2024. Eligihility criteriaincluded empirical studies using immersive VR for health promotion and
prevention, while studies using nonimmersive VR, lacking health-related applications, or focusing on clinical interventions were
excluded. The review followed PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-analyses extension
for Scoping Reviews) guidelines, and 4295 records were initialy identified, with 51 studies included after screening. Data were
synthesized qualitatively to identify key applications, limitations, and emerging trends.

Results: VR was primarily used in three areas: (1) delivering interventions (eg, pilot testing, skills training), (2) exploring
fundamental research questions, and (3) assessing outcomes such as behavioral or psychological responses. Although VR
demonstrated potential for enhancing user engagement and replicating ecological scenarios, its effectiveness compared to
nonimmersive methods varied. Most studieswere pilot or feasibility studieswith small, nonrepresentative samples, short follow-up
periods, and limited methodological standardization.

Conclusions: VR offers aversatile and promising tool for health promotion and prevention but its applications are still in the
early stages. The evidenceislimited by methodol ogical weaknesses and variability in outcomes. Future research should prioritize
replication, longitudinal designs, and standardized methodologies to strengthen the evidence base and expand the applicability
of VR interventions.

(IMIR XR Spatial Comput 2025;2:e49923) doi:10.2196/49923
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broader and aimed at a larger audience. Therefore, primary or

Introduction

Background

Health and prevention psychology aimsto address health-rel ated
issues to either prevent individuals from starting or continuing
an unhealthy behavior (ie, primary prevention), help them to
detect or reduceillnessin early stages (ie, secondary prevention),
or support individualsin their journey against consequences of
heavier injuries or diseases (ie, tertiary prevention, [1]).
Although secondary and tertiary prevention are more
individual-based depending on theillness or signsor symptoms
individuals need to learn to cope with, primary prevention is

https://xr.jmir.org/2025/1/e49923

universal prevention is designed to prevent individuals from
the general population from getting injured or sick and aimsto
enable peopleto live asustainable and healthy lifestyle [2,3].

In this sense, headth promotion campaigns have started to
integrate technological innovations such asvirtual redlity (VR).
We refer to VR as a type of human-computer interface
immersing users into a computer-generated 3D virtual
environment (VE) they caninteract with in anaturaistic fashion,
usualy via an avatar (ie, representation of the user in the VE
[4]). More pragmatically, we labeled as VR any type of device
that has the ability to sensorily detach the user from the outside
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world (at least sight, but also sounds, smell, and touch in some
cases). Thisincludesthe use of a cave automatic VE (usersare
surrounded by walls displaying the VE) or a head-mounted
display (HMD), which blocks the user’s field of view outside
of the VE and from which the user cannot turn away by simply
looking away (ie, computer screens or 360° videos will not be
considered VR in this definition).

Themainaim of VR isto recreate arealistic, ecological context
and experience while keeping some degree of experimental
control over it [5-7]. Systematic reviews have reported
promising results from VR-based interventions in other
disciplines (eg, clinical psychology [8] and social psychology
[9,20]). However, to our knowledge, there has been no review
of the use of VR technologiesfor primary health promotion and
prevention. Therefore, instead of focusing on specific research
guestionsrelated to atopic, outcome, or population, the goal of
this review was to map the current state of the art of the use of
VR in such areas and identify gaps and future directions.

Rationale

Virtual Reality: Operating Principles

The VR literature highlights 2 essential concepts, immersion
and presence, both of which arecritical to the user’s experience
in VEs [7,11]. Immersion refers to the technological ability of
a VR system to fully engage the user by replacing real-world
sensory inputs with virtual stimuli. The more immersive the
device, thelessinterface thereis between the user and the virtual
world. High immersion includes naturalistic interactions, such
asthe use of body suitsto track movement, which increasesthe
sense of realism [7]. Immersive systems create a sense that the
virtual worldisan actual experiencerather than amediated one.
However, presence depends on the user’s psychol ogical response
to the VE. It is the subjective feeling of “being there” in the
virtual world, interacting with it as if it were real [12]. This
sense of presenceincreases engagement and leadsto morevivid,
memorable experiences [13]. Notably, presence can be felt in
both immersive and nonimmersive media, such as movies or
books, asit isinfluenced by individual factors and not just the
technological features of the medium [14].

Although immersion and presence are often related, they are
not the same. Higher levels of immersion tend to enhance
feelings of presence, but immersion isnot anecessary condition
for presence [15]. Thus, immersion can be viewed as a
moderator that enhances presence but does not guaranteeit [16].

Why Use VR in Health Promotion and Prevention
Psychology?

VR technology has emerged as a promising tool in health
promotion and prevention psychology, allowing for immersive
experiences that can enhance user engagement and motivation
[17,18]. VR enables researchers to create safe, ecological, and
standardized VEs, where health promotion interventions can
be effectively delivered and evaluated. VR presents key
advantages as a tool for research and intervention in health
promotion and primary prevention [7].

First, VR can be combined with devices aimed at mimicking
more natural movements (eg, the use of handheld controllers
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or haptic devices instead of a mouse and keyboard) and can
encompass the integration of full-body motor and haptic
feedback when using a bodysuit. This freedom and wholeness
of movement can help enhance learning through direct practice,
visualization, and ultimately embodied cognition (ie, cognition
linked to the body [7,19]). Hence, VR can be arelevant tool to
create interventions aimed at learning health-related behaviors
that require practicing skills (eg, detecting testicular disorders
[20]).

Second, duetoitsability to elicit embodiment, VR iswell suited
to elicit and enhance perspective-taking and empathy [7,21].
For example, embodying an obese avatar could enhance taking
the perspective of being overweight, leading to amore effective
learning of the consequences of abesity and, in turn, a greater
intention to take care of individual health (ie, reduce the
attitude-intention-behavior gap). Through the feeling of
presence, individuals can visualize themselves in a specific
situation, hence allowing a deeper sense of self-reflection [20],
potentially leading to more persistent changesin behavior. VR
can recreate ecological situations and environments in which
users can embody an avatar and act in the virtual world asiif it
werereal, through the feeling of presence [12].

Objective
Our goal wasto identify and map how VR has been used in the

field of health promotion and primary prevention. Inthisscoping
review, we addressed three broad research questions:

1. What are the uses of VR technology in primary prevention
and health promotion (ie, an overview of the goals and
research questions addressed through the use of VR)?

2. What do we know so far about the effects of using VR in
these fidlds (ie, a summary of the results)?

3. What arethe challenges and limitations, if any, encountered
so far?

Based on the findings of the scoping review, we drafted a list
of recommendations and perspectivesfor theuse of VR in health
promotion and primary prevention.

Methods

Protocol and Registration

The scoping review protocol was drafted according to the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-analyses extension for Scoping Reviews)
checklist [22,23]. We also conducted a synthesis without
meta-analysis [24] (Checklist 1).

Eligibility Criteria

Weincluded any peer-reviewed and published empirical article,
written in English, that described a study conducted on human
subjects deploying any kind of immersive VR device (eg, HMD,
cave automatic VE), including 360° videoswhenusedinaVR
setup, focusing on any research question in the field of health
promotion or primary prevention, from January 1, 2010, to
September 16, 2024. We chose to limit the search to the last 14
years in order to generate a recent state-of-the-art overview of
the field. We excluded studies conducted on nonhumans or
focused on secondary or tertiary prevention interventions, such
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as psychotherapeutic treatments (eg, V R exposure therapy) and
medical interventions (eg, rehabilitation), or specialized
educational programs unrelated to prevention (eg, skills
improvement for health practitioners). Pilot studies were not
excluded from this review because of their critical role in
assessing the feasibility and acceptability of interventions that
may inform future primary, secondary, or tertiary prevention
efforts. We excluded studies using the term “virtual reality”
that described computer-based VEs involving a virtual world
(eg, Second Life) or computer-rel ated or motion-sensing devices
(eg, Kinect, joystick) when they were associated with a
nonimmersive VR setup (eg, non-VR video or serious game).
We aso used the population-concept-context framework to
define our inclusion criteria. The population includes
adolescents, young adults, and specific populations at risk for
health issues (eg, individuals with anxiety or those at risk for
substance use). The concept focuses on the application of VR
technology to promote health behaviors, enhance knowledge,
and improve emotional well-being. The context refers to
contextual factors including the environments where VR
interventions are delivered, such as schools, community centers,
or health care facilities.

Information Sources and Search Process

We searched 3 databases from January 1, 2010, until September
16, 2024 (PubMed and PsycINFO). For each database, we
combined 2 sets of keywords; the first set focused on health
promotion and prevention psychology. For PubMed, the search
strings were (“health prevention” OR “health promotion” OR
“health risk communication” OR “health communication” OR
“preventive psychology” OR “behavior change” OR “attitude
change”) AND (“virtua reality” OR “immersivevirtual reality”
OR*“immersivevirtua environment”). For PsycINFO, the search
strings were (“health prevention” OR “health promotion” OR
“health risk communication” OR “health communication” OR
“preventive psychology” OR “behavior change” OR “attitude
change”) AND (“virtua reality” OR “immersivevirtual reality”
OR “immersive virtual environment”).

Selection of Sources of Evidence

Studies that did not employ VR technology, were not
peer-reviewed, were reviews or meta-analyses, or lacked
empirical data were excluded from the review. The screening
process was conducted in 2 stages to enhance the rigor of the
selection. In the first stage, titles and abstracts of the identified
studies were reviewed to determine their relevance based on
theinclusion criteria. Thisinitial screening allowed the authors
to eliminate studies that were clearly outside the scope of the
review. In the second stage, full-text articles of the remaining
studies were assessed to confirm their eligibility for inclusion.
The extraction process was conducted independently by multiple
reviewers to enhance rdliability and minimize bias. Any
discrepancies in data extraction were resolved through
discussion and consensus among the reviewers. Thismeticul ous
approach to data extraction allowed the authors to synthesize
findings across studies effectively and draw meaningful
conclusions regarding the efficacy and feasibility of VR
interventions in health promotion and primary prevention.

https://xr.jmir.org/2025/1/e49923
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Data Charting Process

The data charting process involved collecting information on
study characteristics, intervention details, measured outcomes,
user experience, type of materials, and sample characteristics
(see Multimedia Appendix 1). Of note, approximately 63% of
the studies included in the review were categorized as pilot or
feasibility studies. We also recorded the type of VR technology
used (eg, immersive headsets, desktop VR), the duration of the
intervention, and the focus of the VR content (eg, health
education, behavior change). On average, participants spent
approximately 12.8 (SD 11.1) minutes using VR. We focused
on health-related outcomes such as knowledge acquisition,
behavioral intentions, and psychologica well-being. User
experience was assessed through qualitative data that provided
insightsinto participants’ enjoyment, ease of use, and perceived
effectiveness of the VR interventions. Many studies found that
participants found the VR experience both enjoyable and
engaging, which in turn led to higher participation rates
compared to non-VR interventions.

Dataltems

Primary variables included study characteristics such as
authorship, year of publication, study design, and sample size,
which provided context for the research findings. Participant
demographics, including age, gender, and health status, were
also collected to understand the populations included in the
studies. Intervention details were documented, focusing on the
type of VR technology used, the duration of the intervention,
and the specific health issues addressed. Measured outcomes
were categorized into primary outcomes, such as knowledge
acquisition and behavioral intentions, and secondary outcomes,
including user engagement and satisfaction. User experience
data were collected to assess participants’ enjoyment, ease of
use, and any challenges encountered during the VR
interventions. In addition, limitations of the studieswere noted,
including issues such as small sample sizes and methodol ogical
limitations, which are critical for contextualizing the findings.
It is important to note that while immersion and presence are
key concepts in understanding the effectiveness of VR, these
variables were not measured consistently across studies, which
may affect the interpretation of results. The data elements
collected were intended to provide a structured review of the
existing literature, as well as identify trends, gaps, and
implications for future research in thefield of VR-based health
interventions.

Critical Appraisal of Individual Sources of Evidence

We found that approximately 37% of the included studies were
pilot or feasibility studies. These studies primarily focused on
evaluating the usability and acceptability of VR interventions,
which are critical for assessing the feasibility of larger-scale
research. Although pilot studies provide valuable insightsinto
user experiences and preliminary results, their small sample
sizes and limited generalizability limit the ability to draw firm
conclusions about the effectiveness of V R-based interventions.
Mixed results have been found when comparing VR
interventions to traditional methods, suggesting that VR does
not always offer aclear advantage in achieving health outcomes.
Key variables such asimmersion and presence, which arecritical
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to understanding how VR might influence health behaviors,
have not been systematically evaluated. We found a lack of
focus on larger, more diverse samples and aim to replicate
existing studies to strengthen the evidence supporting the use
of VR in health promotion efforts.

Study Selection Procedure

All search results were stored in Zotero, an open-source
reference manager, and duplicates were removed. Titles and
abstracts were screened first, removing articlesthat clearly did
not match eligibility criteria. Second, full texts of the remaining
articleswere downloaded to definefinal digibility for inclusion.
For each step, 2 reviewers conducted the screening
independently and compared and discussed these discrepancies
until afull consensus was reached.

Data Extraction Process and Synthesis of Results

Data extraction was done by 1 reviewer, who extracted the
followingitemsfrom theincluded articles: (1) title and authors,
(2) goal(s) of the study, (3) design of the study, (4) study sample
characteristics, (5) VR device used, (6) main results, and (7)
limitations reported by the authors. A second reviewer verified
that all data were correctly extracted. Following the data
extraction, we conducted a narrative analysis and synthesis of
the results. Results and implications of the data extracted from

https://xr.jmir.org/2025/1/e49923
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the included studies were discussed by 2 reviewersin relation
to the 3 research questions of the scoping review.

Results

Study Sdlection and Characterigticsof Included Studies

The initial search identified 4295 unique articles, which were
reduced to 51 eligible articles (see the PRISMA flowchart in
Figure 1). Included studieswere conducted in Asia (11 studies,
22%), Europe (18 studies, 35%), the Middle East (1 study, 2%),
and North America (21 studies, 41%). The total sample size
acrossall studieswas 4647 participants, with an average of 91.1
participants per study. Study samples included slightly more
women, with 2651 women (53%) and 1958 men (42.7%). The
mean age of participants across the studies was 31.6 (SD 5.45)
years. Studies primarily included adults, with 29 studies (57%)
focused on adults, followed by 14 studies (28%) focused on
adolescents, 7 studies (14%) focused on senior adults, and 1
study (2%) focused on children. Specific populations studied
included students (7 studies, 29%), people with cognitive
impairment (3 studies, 12%), and people with obesity (3 studies,
12%). Other populations studied included former smokers (1
study, 4%), NHS staff (1 study, 4%), parents (2 studies, 8%),
smokers (2 studies, 8%), adults who had been in lockdown (1
study, 4%), and unvaccinated adults (1 study, 4%, see Figure
2 for details).
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Figure 1. Flowchart of the study selection process following PRISMA guidelines. A total of 4295 articles wereinitially identified across 3 databases.
After removing duplicates and applying eligibility criteria, 51 studies were included. iVR: immersive virtual reality; PRISMA: Preferred Reporting
Items for Systematic Reviews and Meta-analyses.
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Figure 2. Overview of key outcomes from the intervention studies.
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Characteristics of Sources of Evidence

The 51 included studiesfocused on various health-related topics
(Table 1), the most predominant ones being nutrition (17%) and
risky behaviors (4%). All studies used HMD, except for
Lemieux et al [25], where the device used was not mentioned.
HMDs were mainly Oculus (Quest, Go, or Rift, 24%), HTC
Vive (17%), or Samsung Gear VR (15%). Almost half of the

https://xr.jmir.org/2025/1/e49923

RenderX
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studies (43%) were coupled with 1 or 2 handheld controllers.
Most studies (56%) included an active interaction with the VE
by using 1 or 2 handheld controllers or the bodysuit to interact
with the VE. About 49% of VR exposure lasted a maximum of
10 minutes, including 22% of studies with under 5 minutes of
VR exposure. We estimated an average time of 12.8 (SD 11.1)
minutes spent using VR, according to the information given in
the articles.
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Table. Characteristics of sources of evidence.
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Areaof study

Studies

Nutrition, including nutrition and obesity prevention (17%)

Eating disorder and binge eating (5%)
Sugar-sweetened drink consumption (10%)
Smoking tobacco (8%)

Smoking e-cigarettes (5%)
Alcohoal use (5%)

Risk behavior in adolescents (4%)
Gambling (2%)

Exposure to nature to enhance well-being/stress reduction (14%)

Genera well-being/stress reduction (10%)

Using handheld controllers (7%)
Using a connected bike (7%6)
Vaccination (4%)

M edication-taking (2%)

Blom et a [26]; Isgin-Atici et al [27]; Ledoux et al [28]; Marcum et &
[29]; McBride et a [30]; Persky et al [31,32]; Verhulst et al [33]

Ferrer-Garciaet a [34]; Lemieux et al [25]
Blom et a [26]; Ledoux et a [28]; Marcum et a [29]; McBride et a [30]

Borrelli et a [35]; Ferrer-Garcia et a [36]; Garcia-Rodriguez et al [37];
Bonneterre et al [17]

Weser et a [38,39]
Guldager et al [40]; Ma[41]
Hadley et a [42,43]

Detez et al [44]

Alyan et a [45]; Beverly et a [46]; Brimelow et al [47,48]; Browning et
al [49]; Calogiuri et a [50]

Afifi et al [51]; Adhyaru et a [52]; Kim et a [53]; Rivaet a [54]; Ko et
al [55]; Kiper et a [56]

Eisapour et a [57]; Fang and Huang [58]; Faric et a [59]
Bird et al [60]; Zeng et a [61,62]

Mottelson et al [63]; Nowak et a [64]

Niki et al [65]

Results of Individual Sources of Evidence: Detailed
Results

Main | dentified Research Goals

We identified three main goals for using VR: (1) as a tool to
deliver an intervention, with 35 articles focusing on either (1a)
pilot testing or testing the feasibility of using VR materials or
procedures or (1b) using VR to deliver an actua intervention
(eg, skills learning, comparing VR vs other intervention
modalities) to test its relative efficacy; (2) as atool to address
fundamental research questions, with 6 studies aimed at
recreating ecological settings to address physiological and
psychological changes when exposed to certain situations (eg,
cravingselicitation); or (3) as an assessment tool, with 5 studies
investigating food choices with afood buffet created in VR.

Pilot Studies: Ensuring Usability and Enjoyability

Many studies included in the scoping review were pilot or
feasibility studies (about 37%, Table 2) from which we
distinguished two main purposes: (1) testing VR usability for
future research and seeing how target outcomes are impacted
and (2) assessing users' experience with VR. First, researchers

https://xr.jmir.org/2025/1/e49923

found that the use of VR in their methods was rather relevant
and reached multiple target outcomes such as reducing stress
using a short exposure to nature in VR [45-48,51,52,55], even
though exposure durations wererelatively short (3-10 minutes).
Theuseof VR was a so useful to enhance participants' physical
and cognitive activity [66,67]. Finaly, some studies were
focused on prevention and the major advantage of VR useisits
ability to involve participants directly in the preventive message,
for exampl e through gaming [68] or skill practice (eg, refusing
peer pressure to vape [38]). This resulted in improved
knowledge on hedlth topics (eg, on smoking in [69]) and
intentions to check for diseases (eg, [20]). It adso helped to
deliver information in a more traditional preventive way (eg,
exposure to apreventive video inan HMD in [35] or aFestLab
in[40]). Overdl, pilot and feasibility studies, evenif conducted
on small samples, found VR to be enjoyed and accepted by
participants, as well as useful and feasible, and found that it
impacted target outcomes (eg, enhanced well-being, increased
knowledge). These results occurred whether participants only
had a one-time exposure (eg, [53,69]) or sessions over a few
weeks (eg, [48]) and were found to be sustained at follow-up
when measured (eg, participants reduced their tobacco intake
over the month following their participation [35]).
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Table. Summary of articles and their classification within the scoping review.

Bonneterre et d

Category and study

Descriptives

iVR? details

Objective(s)

Study design

Main conclusions

la: Pilot or feasibility studies

Adhyaru and Kemp
[52]

Afifi et a [51]

Alyan et al [45]

Beverly et al [46]

Bonneterreet a [17]

Borelli et a [35]

1b: Interventions

Ahn [5]

Blom et al [26]

n=39; mean age 36.6
(SD 10.3) years; 82%
women; health care
workers

n=50 older adults with
cognitive impairments
and their family mem-
bers

n=20; mean age 21.8
(SD 2.2) years; 50%
women; students

n=102; 72% women;
health care workers

n=121; mean age 19.6
years; 82.5% female;
university students

n=23; mean age 49.8
(SD 13.3) years; 22%
women; adult smokers

n=73; mean age 20.8
(SD 1.1) years; 82%
women; students

n=99; mean age 30.7
(SD 10.9) years; 60%
women; general popula:
tion

2: Fundamental research

Chittaro et a [70]

Ferrer-Garciaet a
[36]

3: Assessment tool

Isgin-Atici et a [27]

n=105; mean age 21.49
(SD 2.43) years, 90.5%
women; students

n=25; mean age 29.7
(SD 13.4) years; 32%
women; smokers

n=73; mean age 22.2
(SD 4.1) years; 56%
women; students

HMDP (Oculus Go); 10
minutes

ImmersiveVR® system

HMD (HTC Vive); 5
minutes

HMD (Oculus Go/Pico
G2); 3 minutes

Sensiks Immersive VR
system

HMD (Knoxlabs V2
cardboard); 5 minutes

HMD (NM); 2 minutes

HMD (HTC Vive); =3
minutes

HMD (Sony HMZ-T1);
5 minutes

HMD (5DT HMD
800); time not men-
tioned

HMD (HTCVive);5 -
25 minutes

Explore if exposure to
naturein iVR can help
health careworkersde-
stress at work.

Assess whether iVR
improvesquality of life
and social interaction
for older adults and
their family members.

UseiVR to reduce
stressviaavirtua walk
in nature.

Exploreif cinematic
iVR can reduce stress
in health care workers.

Evaluate the impact of
VR on memorization,
attitudes, and craving
responsesto anti-tobac-
CO posters.

Examinethefeasibility
and impact of a smok-
ing cessation interven-
tion during dental
cleaning.

Test efficacy of preven-
tive messages on sugar
and sweetened bever-
age consumption via
avatar embodiment.

Study purchase behav-
iorsinaniVR super-
market.

Investigate links be-
tweeniVR and persua-
sion theory, including
inducing mortality
salience.

AssessiVR’sahility to
produce cravings to-
ward tobacco smoking.

Evaluate ease of use
and efficiency of avir-
tual cafeteria.

Before-after exposure;
within-subject

Feasibility study with
pre-post assessments

2 (ervironment: realis-
tic vsdreamlike); be-
tween-subject

Before-after exposure;
within-subject

Randomized controlled
trial

2 (video type: smoker

ready/not ready to quit)
x 3 (time: pre/post/fol-
low-up); within-subject

2 (pamphlet only vs
pamphlet plusiVR) x
2 (tailoring: othersvs
self) x 3 (time:
pre/post/follow-up);
between-subj ect

2 (nudge vs control) x
2 (time pressure: 3
minutes vs no pres-
sure); between-subject

2 (environment: iVR
park vs cemetery); be-
tween-subject

Before-during expo-
sure to smoking cues

2 (groups: iVR novices
vs experienced); be-
tween-subject

iVR reduced anxiety,
anger, and heart rate,
and enhanced happi-
ness and relaxation.

VR improved social
interaction and quality
of lifefor both older
adults and their fami-
lies.

iVR reduced stressand
enhanced mental well-
being.

iVR reduced stress, in-
dependently of previ-
ousiVR useor job
type.

VR enhanced memo-
rization of prevention
MEeSsages.

Feasible and accepted
by both smokers and
dental care providers.

iVR heightened inten-
tionsto limit sugar and
sweetened beverage
consumption; effects
were present at follow-
up.

iVR revealed changes
in healthy food purchas-
es based on nudge
type.

iVR elicited mortality
salience, impacted atti-
tudes, and induced
greater physiological
reactionsthan tradition-
al mortality salience
manipulations.

iVR created cravings,
correlated with pres-
ence.

iVR was user-friendly
and effectiveregardiess
of prior VR experience.
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Category and study Descriptives

iVR? details

Objective(s) Study design Main conclusions

Marcum et a [29] n=221; mean age 38
(SD 5.6) years; 100%
women; mothers with

obesity

HMD; time not men-
tioned

Examine microbehav-
iorsinfluencing food
selectioninaniVR
buffet.

3 (conditions: food
safety control vsbehav-
ioral risk information
vs family-based risk
information); between-
subject

iVR enabled dynamic
assessment of food
choice behaviors.

%VR: immersive virtual reality.
PHMD: head-mounted display.
SVR: virtual reality.

Second, most participants found VR enjoyable and fun [59,68]
and quite easy to use [52]; some were asked to complete a short
tutorial [27]. Even ol der adultswere ableto manipulate handheld
controllers[57], but 1 study reported that the HMD is sometimes
heavy for their neck to lift (1 participant dropped out because
of thisreason [52]). It isworth noting that some of these studies
[20,59] involved the targeted population in co-designing the
intervention in previous pilot studies, hence not only explicitly
ensuring usability [57] but also enhancing users satisfaction
with the intervention. Co-designing an intervention with the
targeted population and conducting afirst pilot study on asmall
sample (eg, 12/33) can improve the level of satisfaction and
usability of the intervention prototype, albeit ultimate user
satisfaction can only be assessed following full-scale depl oyment
of theintervention.

Relative Efficacy of VR Interventions

Interventions (39% [20/51] of the studiesincluded in thereview)
using VR focused on several targets such as enhancing
well-being by simulating a walk in nature (while remaining
seated [49,54] or walking on atreadmill [50]) or skill learning
and practice on various health topics[40,42]. Some studieswere
interested in delivering preventive content [40,41,71], other
studies used VR's ahility to create standardized conditions to
test theoretical frameworks (eg, nudge and time pressure on
healthy food choice [26,40]), while still others used VR to
embody a specific character in order to impact health outcomes
[5,33,56].

The key element of most studies included in this group is that
they often compared the use of VR with other modalities to
deliver an intervention; for example, delivering preventive
information in VR versus a 2D screen (eg, [41,54]) or without
the use of specific technology (eg, live role-playing with an
instructor [64], reading a pamphlet, [61]). Some studies also
compared different depths of immersion [50,60,62].

When comparing the relative efficacy of VR with other
modalities, mixed resultswere found. For example, even though
participants exercising using VR experienced an attentional
shift from exercising, meaning that individuals were usually
distracted and entertained by the VR setting, leading them to
actually enjoy physical exercise, it was not always sufficient to
obtain greater physical involvement when compared to
nonimmersive physica activities[25,58,60,62]. However, some
studiesfound no difference in outcomes between the use of VR
and 2D screens [54,71], and other studies even found that a
virtual walk remained less efficient than areal walk in nature
for mood enhancement [49]. Some studies, using VR only, also

https://xr.jmir.org/2025/1/e49923

found no impact of VR prevention interventions on target
outcomes (eg, no changein physical self-perception when using
VR to prevent eating disorders [39], no increased knowledge
on acohol [40]). Still, we notethat VR was agrest tool to induce
changes in knowledge and intentions to adopt a behavior (eg,
vaccination intention [61], smoking e-cigarettes [44]) and for
skill practice [42].

A few recent studies [44,54] investigated the use of VR outside
of the laboratory, recruiting participants who own VR devices
at home. Portable VR devices have become more affordable,
resulting in individuals being able to use them potentially
anywhere and be autonomously engaged with VR-based
interventions. Furthermore, both studies resulted in an
improvement in the target outcomes (reduction of psychological
distress [54], increase in vaccination [44]).

Overall, VR isimpactful; it can create precise and standardized
experimental Situations (eg, embodying an obese or
weight-gaining avatar [5,33]), and it is especially practical for
skill practice and sometimes for physical activity. VR-based
interventions have shown a higher degree of attendance in
intervention sessions (ie, adherence) than the sameintervention
done without the use of VR [64]. However, when VR is only
used to deliver information without leveraging its specific
characteristics, such asimmersivity and active use of the device
(ie, interacting with the VE viaa game [61]), it has often been
found to have similar efficacy asmoretraditional waysto deliver
information (eg, 2D screens).

VR to Address Fundamental Health Research Questions:
A Tool to Recreate Ecological Settingsin the Lab

VR can recreate real-life situationsin laboratories and has been
used across different domains, such as gambling [36], tobacco
cravings [28,37], and food cravings [34,70], as well as for
mimicking specific situations inducing certain psychological
states, such as mortality salience (eg, [29]). In al studies,
exposure to specific cues (eg, food items, cemetery, individuals
smoking) or situations (eg, being in a pub, gambling on a slot
machine) elicited both physiological (eg, increased heart rate,
arousal) and psychological (eg, self-reported craving) changes,
whether individuals were actively (ie, interacting with the VE)
or passively (ie, watching visual content) using the VR device,
suggesting that the highly immersive characteristics of VR are
effective at eliciting an emotional response.

However, only 1 study compared dliciting cravings using VR
versus other types of devices[34], indicating VR is not better
suited to trigger a craving response than 2D pictures. It might
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be possible that this null effect was due to the passive use of
VR in this specific study, as interacting with a cue in VR has
been found to enhance cravings [28].

VR as an Assessment Tool in Health-Related
I nterventions

A total of 5 studies used VR as an assessment tool in the field
of nutrition by recreating a virtual buffet displaying food
[27,30-32,65], where participants' task wasto collect aplate of
food. Participants found the VR food buffet easy to use,
independently of whether they already used aVR devicein the
past [27]. In this context, VR alows researchers to study
precisely how many items and types of food were selected and
in which quantity, enabling them to calculate the total calories
contained in each plate more easily. It also helped to display to
participants a standardized food buffet with diverse food items
without constraintsfrom areal food buffet (eg, expiration dates,
flexibility in food types, reduced costs).

Study Limitations

The Necessity to Adapt the Use of VR to Experimental
Needs

The use of VR, whether for applied or fundamental research,
has shown some limitations, mainly related to the study
methodology and VR technology itself (eg, cybersickness,
notably in [50]). First, amajority of included studies suffered
from either small sample sizes (eg, 10 participantsin [65], 6 in
[57]) or nonrepresentative samples (eg, studentsin [29], healthy
and active young individuals in [58]), limiting the validity and
generalizability of results. Second, the quality of the
experimental designs was sometimes limited (eg,
semiexperimental design with pre-post comparisons) because
of alack of a proper control condition or not conducting a
rigorous randomized controlled trial [20,46]. Short-term
follow-up or the lack of a follow-up atogether was also
mentioned as a limiting factor in numerous studies [41,42].

Lack of Systematic Assessment of VR's Main
Characterigtics. Presence, Immersion, and Cybersickness

VR's effects, especialy persuasive effects, seem to come from
its ability to enhance presence, which is the feeling of being
there during aV R experience. Hence, participants act similarly
to real life in the VE because they are fully immersed in their
interaction with it. The level of presence experienced by users
can impact targeted variables in the intervention; participants
who felt more present in the VE showed stronger positive effects
on persuasi on-rel ated outcomes (eg, attitudestoward vaccination
and intention to get vaccinated [61]; higher presence resulted
in more reported cravings for tobacco in [37]). However,
presenceis rarely measured as a moderator or covariate across
studies despite its potential impact on outcomes. The same
applies to immersion, which was not measured across studies,
despite studies often comparing different intervention modalities
of varying degrees of immersion (eg, VR versus 2D screen).
VR is not the only technology able to generate presence;
narrative, videos, or nonimmersive VR can too [14]. Not
measuring immersion or presence across different modalities
limits the understanding of VR'srole in driving effects on the
target outcomes.
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Finally, cybersickness was rarely measured across studies
despite its potential negative effect on user experience and, in
turn, target outcomes. Some studies, notably the ones focusing
on physical activity, measured cybersickness and found that it
can completely erase the positive effects of using VR (eg,
walking on a treadmill while wearing a VR device led to
cybersickness, which diminished the positive effects of being
exposed to nature compared to the other condition, [50]).
Participants who felt symptoms of cybersickness believed that
it impacted their experience [59], sometimes to the point they
had to drop out of the experiment [62].

Discussion

Principal Findings

This scoping review identified 51 studies published over the
past 14 years that explored the use of VR in health promotion
and prevention psychology. Our findings reveal ed three primary
applications of VR: (1) asatool to deliver interventions, either
in feasibility testing or actual implementation; (2) as a means
to address fundamental research questions; and (3) as an
assessment tool for health-related outcomes. Although VR
shows significant promise in creating immersive and engaging
interventions, our review highlights the variability in
effectiveness and common challenges such as small sample
sizes, short follow-up periods, and limited methodological
standardization.

VR technology usefor health promotion and prevention research
is relatively recent, with studies in this review indicating its
potential asapromising tool to deliver and assessinterventions.
For instance, VR was effective in simulating realistic scenarios
to engage participants in skills-based learning and
decision-making tasks, such asrisk-reduction behaviors[42,61].
VR adlows researchers to create safe, ecological, and
standardized VEsinwhichit is possible to deliver and evaluate
health promotion and preventive interventions [42]; recreate
Situations or environments that can elicit strong emotional,
physiological, behavioral, or psychologica responses (eg,
mortality salience [29]); and assess outcomes (eg, cravings,
food choices) with a multimeasure approach included in VR
technologies (eg, psychological, physiological, and behavioral
measures). Thisscoping review identified 51 studies concerning
the use of VR technology in the field of health promotion and
prevention psychology published within the past 14 years. We
mapped (1) the goals and research questions addressed through
theuse of VRinthisfield, (2) its effectsin theidentified aress,
and (3) its main challenges or limitations. We identified three
main applications of VR in thisfield: (1) asatool to deliver an
intervention, either (1a) pilot or feasibility testing VR materials
or proceduresor (1b) using VR to deliver an actual intervention
(eg, skills learning, comparing VR vs other intervention
modalities) to test its relative efficacy; (2) as atool to address
fundamental research questions; and (3) as an assessment tool.

Comparison to Prior Work

Due to the relative novelty of VR in thisfield, only 51 eligible
studies were published in the past 14 years. Research so far has
mostly focused on feasibility or pilot studies, aimed at testing
the ability of VR to be integrated into interventions [69], with
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a minority of studies focusing on answering fundamental
research questions through the use of VR [28]. Most studies
employed semiexperimental designs without a control or
comparison group and often had ashort or no follow-up, limiting
thevalidity and generalizability of results. Studiesalso included
relatively small samples and were often nonrepresentative of
the general population (eg, students). However, as the use of
VRinthefield of health promotion and prevention is still inits
infancy, it appears natural to see a stronger focus on pilot or
feasibility studiesin the published literature.

Strength and Limitations of the Scoping Review

When considering whether VR is effective in health prevention,
it should first be noted that the effectiveness of VR interventions
was variable. For instance, while some studies indicated that
VR could enhance user engagement and motivation [59], others
found no significant differences in outcomes compared to
traditional methods [71]. This highlights the need for further
research to clarify the conditions under which VR is most
effective. This scoping review showed that sometimes VR use
isnot systematically more effectivein achieving target outcomes
than its nonimmersive equivalents[41,54,71]; we supposed that
to be more effective, VR should be used for its specific
immersive characteristics, such as gamification or embodiment,
which directly involve the user. For example, skills practice in
VR was more effective than role-playing in rea life to learn
about risk behaviors and ways to avoid them (eg, buying
condoms for safer sex) due to VR scenarios’ ability to recreate
asituation that isrealistic, induce emotional changesin the user
as the scenario goes on, and finally, make the user have a real
first-person experience [42]. Similar results appeared in [61],
in which VR was used to represent a vaccination intervention
to stop flu spread (ie, participants used handheld controllers to
actively send immune cellsto prevent flu transmission), whereas
in other conditions, participants were just passively watching
(avideo on a2D screen or a pamphlet).

It isimportant to consider the limitations of this review when
interpreting the findings. First, as the use of VR in health
promotion and prevention psychology is a relatively recent
phenomenon, our literature search focused on the last 14 years
(2010 - 2024). This resulted in the inclusion of 51 eligible
articles, which may have excluded earlier or less accessible
studies. However, the majority of included studies (63%) were
published between 2020 and 2024, reflecting the increasing
affordability and accessibility of VR technology for research
in recent years. Therefore, the likelihood of missing pivotal
studiesislow. Second, the search strategy did not include gray
literature, which may have reduced the total number of eligible
articles and introduced publication bias by excluding studies
with nonsignificant or null results (the file drawer effect). To
address this gap, future reviews should consider including gray
literature to provide a more comprehensive overview of the
field. Third, some studies lacked sufficient reporting of critical
aspects such as sample characteristics (eg, size and
demographics) and details of VR implementation (eg, exposure
duration, type of VR technology used). Thislimited our ability
to draw broad conclusions about the efficacy and applicability
of VR in this area. Addressing these reporting gaps in future
research will improve the comparability and quality of evidence
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in this rapidly evolving area of study. Fourth, although our
literature search was updated during the initial revision, which
was completed just a few weeks prior to this submission, we
recognize that VR research is advancing rapidly. It istherefore
possible that new studies may emerge shortly after the
conclusion of our search period, which may influencetheresults
of futurereviews. To addressthis, future updates could consider
conducting more frequent searches or establishing acontinuous
review process to ensure that all emerging dataareincluded in
real time. However, we are confident that thisreview accurately
reflects the state of the literature as of our latest search.

Per spectives and Future Research Directions

Standardization of Designs and Replication

Although the results of our scoping review suggest that VR has
potential as atool for health promotion, the field is still in its
infancy. Many studies in this area are limited by small sample
sizes, short follow-up periods, and inadequate experimental
control. Replication isessential to strengthen thereliability and
validity of these findings [72,73]. Replication of these studies
in diverse populations and settings will help confirm the
generalizability of the findings and identify any boundary
conditions, such as differencesin user demographics, technology
exposure, or the specific health behaviors targeted [74,75]. In
addition, replication can shed light on the mechanisms
underlying the effectiveness of VR interventions, which may
vary depending on the context and population studied.
Therefore, further replication is essential not only to solidify
current evidence, but also to ensure that VR interventions are
applicable and effective across awide range of health promotion
and primary prevention efforts. Replicating existing results to
increase the amount and quality of empirical evidence
supporting the use and benefit of VR inthisfield is needed. For
example, in thisscoping review, we saw that individuals showed
an increased knowledge regarding health-related topics[20,69]
or changed their behavioral intentions [44,61] when exposed
toaVR intervention. However, not all studies provided evidence
to fully support these claims [47,63], in addition to the lack of
any perspective on how long these effects last or if they are
applicable to less specific populations. Therefore, a focus on
study replication can strengthen the advancement of research
inthisfield and at the same time prevent areplication crisis, as
observed in other fields of behavioral sciences and medicine
[76]. Thereisalso acritical need for future research to employ
longitudinal study designs. Long-term follow-up isparticularly
important in preventive psychology, where sustained behavior
change and long-term health outcomes are key indicators of
SUCCess.

VR vs Nonimmersive Apparatus

The effectiveness of VR compared to nonimmersive
interventions, such as 2D presentations, remains controversial.
Evidence from the studiesincluded in thisreview showed mixed
results. Although some studies reported that VR interventions
increased engagement and enjoyment, others found no
significant differencesin outcomes compared to nonimmersive
methods [59,71]. The immersive features of VR, such as
gamification and embodiment, appear to be particularly effective
in scenarios that require active user involvement. For example,
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participants who practiced risk-avoidance skillsin VR showed
better retention than those who used real-life role-playing [42].
Similarly, the use of VR in interactive scenarios, such as
vaccination education, showed higher levels of engagement
than passive modalities such as 2D videos or pamphlets [61].
However, studies have aso shown that VR does not always
outperform traditional methodsin terms of physical activity or
knowledge acquisition. This variability highlights the need for
future research to clarify the specific contexts in which the
immersive qualities of VR are most effective. Systematic
assessment of key mechanisms such as presence and immersion
could help determine whether VR's effectiveness is primarily
due to its immersive nature or to other factors such as
interactivity or novelty.

Assessing presence and immersion iscrucial for understanding
the mechanisms underlying VR and its effects [14]. Evaluating
the feeling of presence helps determine the extent to which
participants are psychologically immersed in VEs and allows
for the identification and correction of potential errorsin the
VE that could influence presence and, consequently, the
effectiveness of VR-based interventions or content. Additionally,
addressing such errors can prevent cybersickness and ensure
the smooth execution of experiments [50]. Measuring presence
and immersion provides vauable insights into individuas
capacity to engage with VR compared to nonimmersive
interventions and hel psidentify how these factors correlate with
target outcomes.

Set Up for Success

Conducting feasibility or pilot studiesto test the VR procedure
and VEs is recommended. As shown in the scoping review,
evaluating the enjoyability, usability, and safety of the procedure
can be very helpful. Finally, co-designing the VR-based
intervention with participants from the targeted population can

Bonneterre et d

enhance the relevance, validity, and user experience with the
intervention itself. Cocreating a procedure with participants
could induce a bias in their judgment, making them judge the
intervention more positively than it actually is. Pilot testing with
different groups of participantsis recommended to validate the
final design.

Make It Simple and Clear for Participants

VR studies are attractive to participants (eg, higher attendance
for intervention sessions than the non-VR condition in
[19,42,77]), but they can be complex to follow al the way
through (ie, risk of cognitive overload, fatigue [78]). When
designing studies using VR, keeping them as simple and short
as possible will minimize participant burden and fatigue. It is
also highly possible that most participants have never
experienced VR before, so making sure they understand how
to move and interact with the environment at first is necessary.
If possible, we recommend doing a short tutorial on how to use
the controllers or putting the participant in atutorial VE before
the experimental procedure. The participants can then fully
concentrate on what is happening in the VR rather than think
about how to interact with the VE.

Conclusion

This scoping review provides an overview of VR's emerging
role in health promotion and prevention psychology,
highlighting its potential to create immersive and engaging
interventions. Although VR has shown promise in delivering
health interventions and answering fundamental research
questions, its effectiveness remains variable, and many studies
are limited by methodological constraints. Future research
should prioritize replication, longitudinal designs, and
standardized methodologies to strengthen the evidence base
and realize the full potential of VR in thisfield.
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Abstract

Background: Delivering high-quality prehospital emergency care remains challenging, especially in resource-limited settings
where real-time clinical decision support islimited. Augmented reality (AR) has emerged as a promising health care technol ogy,
offering potential solutions to enhance decision-making, care processes, and emergency medical service (EMS) training.

Objective: This systematic review assesses the effectiveness of AR in improving clinical decision-making, care delivery, and
educational outcomes for EM S providers.

M ethods. We searched databasesincluding PubMed, Cochrane CENTRAL, Web of Science, Institute of Electrical and Electronics
Engineers (IEEE), Embase, Psyclnfo, and Association for Computing Machinery (ACM). Studies were selected based on their
focus on AR in prehospital care. A total of 14 randomized controlled trials were selected from an initial screening of 2081
manuscripts. Included studies focused on AR use by EMS personnel, examining clinical and educational impacts. Data such as
study demographics, intervention type, outcomes, and methodol ogies were extracted using a standardized form. Primary outcomes
assessed included clinical task accuracy, response times, and training efficacy. A narrative synthesis was conducted, and bias
was evaluated using Cochrane'srisk of biastool. Improvementsin AR-assisted interventions and their limitations were analyzed.

Results: AR significantly improved clinical decision-making accuracy and EMS training outcomes, reducing response times
in simulations and real-world applications. However, small sample sizes and challenges in integrating AR into workflows limit
the generalizability of the findings.

Conclusions: AR holds promise for transforming prehospital care by enhancing real-time decision-making and EM S training.
Future research should address technological integration and scalability to fully realize AR’s potential in EMS.

(IMIR XR Spatial Comput 2025;2:e66222) doi:10.2196/66222

KEYWORDS

prehospital emergency care; emergency medical services, randomized controlled trials; clinical decision support; training;
augmented reality; emergency; care; systematic review; BLS; procedures; traumatic injury; survival; prehospital; emergency
care; AR; decision-making; educational; education; EMS; database; technology; critical care; basic life support

such as emergency medical technicians, firefighters, and
paramedics care for diverse patient populations in variable in
highly acute settings; they are often the first to respond to
life-threatening scenarios such as traumatic injury or cardiac
arrest. Innovations in prehospital care have led to improvement
in patient outcomes over the past several decades, including a

Introduction

Overview

The prehospital setting represents a critical area of emergency
medical care. Emergency medical services (EMSs) providers,
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reduction in early deaths following traumatic injuries and
improved survival from out-of-hospital cardiac arrest following
early initiation of basic life support (BLS) procedures [1-5].
However, there remain significant chalenges to providing
high-quality prehospital emergency care, especialy in
resource-limited settings. Prehospital emergency careliterature
reports that top research priorities include augmenting the
education and training of EM S personnel aswell asimproving
the management of patients with life-threatening conditions
such as asthma exacerbation, traumatic brain injury, and cardiac
ischemia[6,7]. Further, improving the availability and response
quality of medical control physiciansfor EM S systems has been
cited as an additional area of interest [8].

With the need for improvements in both real-time decision
support in prehospital care and the education and training of
prehospital care providers, researchers have posited the utility
of integrating AR into the prehospital setting. AR technologies
are tools to superimpose digitally generated 3D and 2D visual
information into a user’s environment in real time for display
and guidance. Unlike virtual redlity, in which a user is
completely immersed in a virtual environment that occludes
their physical environment, users of AR technologies can
interact with both their physical environment and digitally
generated images [9].

AR already has significant implicationswithin health care, with
AR-based clinical and training modalities beginning to emerge
within  several medical fields [10-13]. The most
well-documented examples come from surgical specialties,
which have for years used AR-based equipment as clinical
decision support (CDS) and training tools to practice intricate
procedures; additionally, many subdisciplinesincluding bariatric
surgery, oral-maxillofacial surgery, and neurosurgery use
AR-based minimally-invasive robotic procedures [14-19].
Experts have suggested that AR-based CDS tools may prove
useful to avariety of prehospital applications, such asproviding
real-time decision support for patient resuscitation or enhancing
BLS education.

To date, there have been few systematic examinations of AR
in emergency medicine (EM), with even fewer specifically
investigating prehospital emergency medical care. This
manuscript thus presents a systematic review of randomized
control trials (RCTs) investigating applications of AR in
prehospital emergency medical care. Our primary objective is
to evaluate the efficacy and effectiveness of AR applicationsin
improving patient outcomes, care processes, and learning
outcomes in the prehospital emergency care setting. Our
secondary objectives are to identify challenges and limitations
for the implementation of AR-based CDS and training toolsin
prehospital EM and to explore future directions for AR
applications in these domains.

Methods

Literature Search

A systematic review of the available literature was performed
toinvestigate the effect of AR on prehospital emergency medical
care. Eligibility criteriafor inclusion in the systematic review

https://xr.jmir.org/2025/1/e66222
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included peer-reviewed manuscripts published between 1970
and 2024 (June 10) in English-language journals. A search was
conducted of online academic databases including PubMed,
CENTRAL, Web of Science, Institute of Electrical and
Electronics Engineers (IEEE), Embase, Psycinfo, CINAHL
Complete, and Association for Computing Machinery (ACM).
Detailed search strategy across databasesfor identifying studies
on AR in prehospital emergency care can be found in
Multimedia Appendix 1.

Full-Text Review

A search of these 8 academic databases yielded 2081
manuscripts for review. Two independent reviewers first
screened titles and abstracts to remove duplicates (n=726) as
well as manuscripts that were not related to EM (n=1228). A
full-text review of 127 studieswas conducted by 8 independent
researchers to assess their eligibility. Studies were included in
full-text screening if a reviewer consensus of 2 reviewers
deemed the study eligible. Each study during full-text screening
was reviewed by 2 of the 8 reviewers independently and
consensus was determined by athird reviewer. Data extraction
was conducted independently by 2 reviewers using Covidence
software (Veritas Headlth Innovation), which facilitated the
management and review of manuscripts. Each reviewer
independently extracted data, including study characteristics,
participant demographics, intervention details, and outcome
measures. Any discrepanciesin the extracted datawere resolved
through discussion, with a third reviewer stepping in to make
the final decision when necessary. No automation tools were
used in the data extraction process. Thefull dataextraction form
can be seen in Multimedia Appendix 2.

Criteriafor Inclusion

Criteriafor inclusion into the final systematic review included
full RCT or crossover RCT design; study settingin an EM; and
use of wearable, handheld, or projection-based AR in
intervention. Studies were included if they investigated the
impact of AR on health care professionals or hedth care
students, including emergency responders, paramedics,
emergency medical technicians, medics, EM physicians,
residents, or fellows, physician assistants, medical and health
care students, surgeons, nurses, firefighters, law enforcement
officers, or other relevant population (eg, lifeguards, other
university students and lay first-responders, or unspecified
medical specialties). Studies were also excluded if they were
only a description of the technology without learning,
performance, or other intervention outcomes.

Key Data Extracted

Primary outcomes of interest included patient outcomes or
clinical performance outcomes such as task completion time,
accuracy, number of attempts, and errors. Secondary outcomes
included user experience or human factors outcomes such as
technology acceptance, workload, stress, and cyber- or
simulator-sickness. Key data for analysis was extracted from
each of the included manuscripts by 2 independent reviewers
using a standardized data extraction form. All data were
collected and recorded using Microsoft Excel software. Data
collected included study characteristics, participant
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demographics, AR information, outcome measures, results, and
limitations.

In addition to primary outcome measures such as task
completion time, procedure accuracy, and protocol compliance,
we collected dataon several other key variables. Theseincluded
study characteristics (publication year, country of study, design
type, sample size), participant characteristics (professional roles
such as first responders, paramedics, medical students; study
population size; and whether the setting was civilian or military).
Intervention characteristics were al so documented, focusing on
thetype of AR platform used (eg, HoloL ens, Vuzix, and Google
Glasses) and theintervention context (real-time clinical support
or educational training). Secondary outcome measures like user
experience, technology acceptance, workload, and the
occurrence of simulator sickness were also analyzed. No
assumptions were made about missing or unclear data, and any
such data were marked as “not reported.”

Consensus

Consensus between reviewers was tracked via Microsoft Excel
spreadsheet and calculated using Cohen K, with an average of

https://xr.jmir.org/2025/1/e66222
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0.71 (95% CI 0.635 - 0.785). The quality and potential bias of
the included studies were evaluated on a manuscript level by
independent reviewers using Cochrane’s risk of bias tool [20],
which can be seenin Multimedia Appendix 3, and reviewed by
group consensus. The literature review and evaluation process
aredetailed in Figure 1. All datawere summarized collectively
and reported as an aggregate as well asin subgroups including
“education and training” and “clinical decision making”.
Qualitative and descriptive data were synthesized narratively.
The review protocol can be accessed in the Multimedia
Appendix 2.

Results

Characteristics of Included Studies

Figure 1 presentsthe review procedure and the resulting number
of relevant papersbased on PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Anaysis) [21]. The
characteristics of the 14 studies included in this systematic
review are summarized in Table 1.
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Figurel. Systematic literature review procedure and the resulting number of relevant papersusing PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analysis) [21]. RCT: randomized controlled trial.
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Table. Summary of studies evaluating augmented reality (AR) interventions in prehospital care, including study populations, AR platforms used,
primary outcomes, and main findings across various emergency medical scenarios.

First author, publicationyear Study population and sam- AR intervention; platform

plesize

Primary outcome measures

Main findings

Rebol et a, 2023[22]

Koutitas et al, 2019 [23]

Gruenerbl et al, 2018 [24]

Doswell et al, 2020 [25]

Collington et al, 2018 [26]

Barcala-Furelos et a, 2023

(27]

Follman et al, 2019 [28]

Du et al, 2022 [29]

Aranda-Garcia et al, 2024

[30]

Follman et al, 2021 [31]

Hou et al, 2022 [32]

Apiratwarakul et al, 2022
[33]

Azimi et al, 2018 [34]

Glick et al, 2021 [35]

First responders (n=25)

EMS? cadets (n=30)

Nursing students (n=50)

First responders (n=10)

Firefighters (n=10)

Lifeguards (n=38)

Paramedics (n=31)

Medical students (n=20)

Health sciences and nursing
students (n=60)

Non-EM hedlth care profes-
sionals (n=40)

Health care university stu-
dents (n=27)

Emergency physicians,
nurses, and EMTsY (n=68)

EM providers (n=20)

Medical students (n=13)

Real-time assistance for

CPR® performance;
HoloLens

Training module for the op-
eration of AmBus systems,
HoloLens

CPR training module;
Google glasses

BL S’ procedures training
module; HoloLens

BLS procedures training
module; Moverio glasses

Real-time assistance for
simulated infant delivery;
Vuzix

Real-time assistance in
Yok triage; ReconJet

Tactical Combat Casualty
Care (TCCC) training mod-
ule; HTC VivePro

CPR and AED® training
module; Vuzix

Real-time assistancein MClI
triage; ReconJet

CPR training module;
HoloLens

Real-time assistancein MClI
casualty detection; HMT-1

Training in advanced life
support procedures;
HoloLens

Remoteguidancein perform-
ing chest thoracotomy;
HoloLens

CPR performance metrics
(compression depth and
rate)

Timeto task completion and
error rate

CPR performance metrics
(compression depth and
rate) before and after train-
ing

Timeto correct procedure
performance

Performance in smulated
trauma scenarios

Performance time and com-
pliance with protocol

Screening time and assess-
ment accuracy

Posttest knowledge acquisi-
tion

Time to task completion,
adherence to BLS protocol,
CPR performance

Timetotriage; triage accura
cy

CPR performance metrics
(compression rate and
depth)

Timeto completion; accura-
cy of casualty count insimu-
lated MCI

Task performance, task time

Procedure quality rated by
independent observer

No significant performance
difference between mixed
reality and control group

Significant reduction in task
completion time and error
ratein AR group

Significant improvement in
posttraining performancein
AR group

No significant differencein
performance time between
AR and control group

Significant improvement in
self-reported hands-on skills
proficiency in AR group

Significantly improved pro-
tocol adherencein AR group

Significant improvement in
triage accuracy in AR group

No significant improvement
in posttest scores between
AR and control groups

Significantly improved CPR
quality and protocol adher-
encein AR group

Significantly decreased
triage timein non-AR; no
difference in accuracy

No significant performance
difference between AR and
control groups

Significantly decreased time
to task completion in AR
group, no significant differ-
ence in accuracy

No significant difference
between AR and control
groups

Significantly improved pro-
cedure quality rating in AR
group

8CPR: cardiopulmonary resuscitation.
bEMS: emergency medical service.

°BLS: basic life support.
dMCI: mass casualty incident.

EAED: automated external defibrillator.

EMm: emergency medicine.

9EMT: emergency medical technician.
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Type of Study Design education, or both. Full RCTs are the most frequent, with 4
Figure 2 highlighted the summary-level study characteristics Studies focused on training or education and 3 on real-time
of the 14 studies. Figure 2A and C shows the distribution of ~ decision support. Additionally, one study addressed both focus
studies by study design (Crossover RCT and Full RCT) and areas. _Crosso_ver RCTsprimarily focuson fcral ning or education
their focus areas real-time decision support, training or (4studies), with onestudy focused onreal-time decision support.

Figure 2. Summary characteristics of 14 included studies.
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Settings and Regions

The 14 studies included a total of 420 participants and were
conducted in 7 different countries. A total of 10 (71%) studies
were full RCTswhile 4 (29%) studies used a crossover design.
Overall, 12 (86%) studies were conducted in civilian settings
while 1 (7%) study was conducted in a military setting and 1
(7%) study used both military and civilian settings (Figure 2E).
Eight (57%) studies used AR for use in task training and
education, while the remaining 6 (43%) used AR to provide
real-time decision support for clinical scenarios. All 14 (100%)
studies used medical simulation rather than rea clinica
encountersto test their AR interventions.

M easured Outcomes

While specific outcome measures varied, all studies aimed to
compare the efficacy of their AR intervention relative to the
current standard of practice. Outcomes examined included time
to initiation or completion of desired procedure or intervention

Harari et al

(n=5) percentage of correctly informed procedures, procedure
quality, or error rate (n=8), and knowledge acquisition (n=1).
Overall; 57% (n=8) found statistically significant improvements
intheir desired outcomesusing AR modalities, while 36% (n=5)
indicated no significant difference, and 7% (n=1) demonstrated
worse performance following AR interventions.

Type of AR Platforms

All studies used wearable head-mounted displays to deliver
their AR intervention (Figure 2F). The most used AR platform
across studies was HoloL ens goggles (6/14; 43%); other AR
platforms used included Vuzix (n=1), Google glasses (n=1),
ReconJet (n=2), Epson Moverio (n=1), HTC Vive Pro (n=1),
and HMT-1 (n=1). A description of the AR platforms used in
the 14 studiesis presented in Table 2.

A variety of apps and software platforms were used across the
14 studies; selected novel interventionsare highlighted in Table
3.

Table. Comparison of augmented reality/virtual reality (AR/VR) devices used in prehospital simulations, showing manufacturer, model, rel ease date,

price, and key features.

Device Manufacturer; modelsand release date; and retail  Capabilities
price
HoloL ens Microsoft; V2 (2019); US $3500 Eye-tracking, audio and speech command, spatial

Google Glasses

Moverio Epson; BT 35-e (2018); US $200-US $800
Vuzix Vuzix; M400 (2020); US $1799

RealWear RealWear; HMT-1 (2018); US $797-US $1500
ReconJet Intel; Smart Glasses (2015); US $699

HTC VivePro

Google X; Explorer (2019) NOTE: no longer
manufactured; US $999-US $1848

HTC; VivePro 2.0 (2021); US $699-US $1999

mapping, MR? capture, Windows connectivity

Voice command, internet browsing, camera,
calendar, android iOS

Voice recognition, high definition (HD) display,
drone connectivity, remote service, and support

Voice recognition, eye-tracking, spatial mapping,
iOS and Android compatibility, waterproof

Voice-activated display, noise cancellation,
voice-activated, outdoor-compatible display,
water and shock resistant, android and Bluetooth
compatible, 20-degree field of view

3-axis sensor, biometric tracking data (heart rate,
sleep, etc), GPS, accelerometer, microphones,
android iOS compatible, Bluetooth and wifi
connectivity

5k resolution, submillimeter tracking capabilities,
balanced ergonomic, 120-degree horizontal field
of view

AMR: mixed reality.
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Table. Selected augmented reality (AR) apps and software platformsin 14 prehospital included studies.

App Description Platform (location) Manuscript

PRIOR Android app for technical support  Tech2Go GMBH Mobile System  Follman et al, 2019 [28]
in MCI?triage (Hamburg, Germany)

AUDIME Android app for technical support ~ Tech2Go GMBH Mobile System  Follman et a, 2021 [31]
in MCI triagein the disaster setting (Hamburg, Germany)

AMBUS App for learning layout of Ambu-  Unity Game Systems (San Francis- Koutitas et al, 2019 [23]
lance Bus Systems co, CA)

Tensor Flow Artificia intelligence android app ~ Google (Mountain View, CA) Apiratwarakul et a, 2022 [33]

for assistance with casualty detec-
tion

Juxtopia CAMMRAD PREPARE - Apn for training in BLS? procedures

Juxtopia AR systems (Baltimore,
MD)

Collington, 2018 [26]

M Cl: mass casualty incident.
bBLS: basic life support.

Applications

AR as CDS Tools

A total of 6 studies examined AR-based real-time decision
support in the prehospital setting. Rebol et a [22] investigated
AR-based real-time feedback for adult cardiopulmonary
resuscitation (CPR). They found no significant difference in
CPR quality in non—health care university students receiving
real-time mixed reality—based feedback on performance as
compared with students receiving feedback via standard video
conference. Barcala-Fureloset a [27] investigated an AR-based
intervention aimed at guiding lifeguards assisting in imminent
childbirth situations. They found significantly higher adherence
to out-of-hospital birth protocolsin the AR-intervention group
than in the control group (P<.05 for all protocol variables).
Follmann et al [28] found that real-time AR-based guidance in
mass casualty incident (MCI) triage led to a significant
improvement in triage accuracy over the control group, which
performed triage without AR assistance (P=.04). A similar result
was found by Follman et a [31], which examined the effect of
AR support on MCI triage time and accuracy; they found that
triage time was significantly reduced in the control group
(P<.001) but found no difference in triage accuracy between
groups. Apiratwarakul et a [33] employed an AR intervention
for assistance in casualty identification; results demonstrated a
decreased timeto completion of casualty count inthe AR group
(P<.05) but no significant difference in accuracy. Glick et al
[35] investigated real-time AR-based guidance for medical
studentsin performing achest thoracotomy and found that expert
rating of procedure quality was significantly improved in the
AR group (P=.004).

AR as Training Tools

A total of 7 studies examined the utility of AR for education
and training in the prehospital setting. Two studies (Doswell et
al [25] and Collington et a [26]) investigated AR-augmented
training for BL S procedures such as Narcan administration and
tourniquet application. Doswell et a [25] found no significant
difference in procedure time and accuracy between the AR
training group and control group; Collington et al [26] showed
anincreasein self-reported skills proficiency inthe AR training

https://xr.jmir.org/2025/1/e66222

group (mean 2.2, SD 1.03) but no significant difference in
clinical proficiency. One study [34] examined the efficacy of
an AR-based training module on performing advanced life
support procedures, including needle chest decompression,
direct intravenous placement, and cricothyroidotomy, but found
no significant differencein procedure performance between the
AR and standard training groups. One study [23] demonstrated
that an AR-based training module for familiarization with an
AmBus system led to a10% reduction in timeto task completion
(involving finding objects on the AmBus) and 34% reduction
in errors than the group receiving standard audiovisual-based
training. Two studies (Du et a [29] and Follman et al [31])
examined AR-based training for tactical combat casualty care
(TCCC) and MCl triage. Du et a [29], which examined TCCC
knowledge gain based on pre and posttraining tests, found no
significant performance difference between the AR-based
training group and the control group.

A total of 3 studies (Gruenerbl et a [24], Aranda-Garcia et a
[30], and Hou et al [32]) specifically examined the performance
of adult CPR following AR-based training modules. Two of the
3 studies (Gruenerbl et al [24]; Aranda-Garciaet al [30]) found
significant improvement in aspects of CPR performance
following AR intervention. They demonstrated a significantly
improved percentage of time spent performing chest
compressions at the correct depth and rate among nursing
students receiving AR-based instruction as compared with
standard teaching (P<.001, F=14.85). Aranda-Garciaet a [30]
demonstrated significant improvement in the percentage of chest
compressions performed with adequate chest recoil (P=.008)
among health sciences and nursing studentsreceiving AR-based
instruction as compared with control; however, they did not
find a significant difference in other metrics. Hou found no
significant difference in CPR performance (chest compression
rate and depth) receiving AR-based training as compared with
instructor-led training.

Risk of Bias Analysis

Risk of bias of studieswas assessed via Cochrane'srisk of bias
tool, which examined parametersincluding sampling technique,
adequacy of randomization, reliability of outcome measures,
and statistical power (Multimedia Appendix 3). Overal, the
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quality of the included studies was judged to be high. Each of
the 14 studies was examined on a manuscript level with
consensus reached between 8 independent reviewers. All 14
studies were determined to have a randomized design, with 10
comprising full RCTs and 4 having a crossover design. Most
studies were found to have adeguate randomization
methodol ogy, sSimilar baseline participant characteristics, reliable
outcome measures, and a participant dropout rate below 20%.
Two of the 14 studieswere recorded aslacking sufficient sample
size to achieve 80% power with one recorded as “unable to be
determined.”

Discussion

Principal Findings

This systematic review sought to examine the application of
AR to emergency medical care in the prehospital setting, with
the primary objective of evaluating the efficacy or effectiveness
of AR appsinimproving patient outcomes, care processes, and
learning outcomes. Of the 14 studies analyzed in this systematic
review, the mgjority demonstrated a significant improvement
in desired outcomes with the integration of AR into their
workflow, suggesting that AR may have avaluableroleto play
in enhancing the quality of prehospital care.

AR asCDSTools

Studies investigating the utility of AR in providing real-time
CDS demonstrated a significant improvement in at least 1
outcome. AR interventions are especially effectivein providing
real-time decision support for MCIl scenarios, enhancing both
the accuracy and efficiency of triage procedures and casualty
counts. AR-based remote guidanceimproved procedure quality
for fully-trained medical students performing simulated chest
thoracotomy procedures, as well as for laypeople responding
to simulated childbirth. These results suggest that AR may have
animportant roleto play inimproving medical control for EMS,
as AR-based feedback and guidance could greatly enhance
decision-making for prehospital care providers as compared
with traditional audio feedback [36-38]. Results of these studies
also suggest that AR may serve a vital purpose in tactical
emergency medicine scenarios, including military and law
enforcement operationsthat could benefit from remote guidance
in high-acuity scenarios [35,39]. Future research could
investigate AR integration into tactical emergency medicine
scenarios, such as SWAT team activations.

It is also important to note the potential integration of AR with
other emerging technologies, such as artificial intelligence
algorithms, which could further enhance decision support by
providing  predictive  anaytics and  personalized
recommendations [13,40,41]. Combining AR with wearable
biometric sensors could offer real-time monitoring of vital signs,
providing a context-aware decision support system that enhances
situational awareness and operational efficiency [10].

https://xr.jmir.org/2025/1/e66222
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AR asTraining Tools

With regards to education and training, 2 of the 4 studies
examining the benefit of AR in augmenting CPR training
demonstrated significant improvement in CPR quality following
AR intervention. These findings suggest that it may befeasible
to integrate AR into CPR training. The study by Koutitas et a
[23], which examined an AR-based training module for
familiarization with AmBus systems aso demonstrated
improved task completion and enhanced comfort and familiarity
with the vehicle in the AR intervention group, suggesting that
AR may prove a useful adjunct to EMS companiesin training
new hires. Notably, some studies, that examined AR intervention
in prehospital education and training modules for skills
including, CPR, BLS, advanced life support procedures, and
TCCC, showed no difference in performance with AR
intervention. It is possible that some of these tasks, which
involve a significant number of hands-on skills, were more
difficult to adapt from in-person instruction to AR-based
training. Future research could more thoroughly explore
discrepancies in AR-based training modules among various
prehospital clinical skills[42]. Furthermore, the scalability of
AR training modules offers a significant advantage for
widespread training initiatives, allowing consistent and
repeatable training experiences across different geographical
locations. This scalability is particularly beneficial for remote
and underserved areas where access to high-quality training
resourcesis limited.

Challenges of AR Technology

Overall satisfaction with AR platforms was high across the 14
studies; manuscriptsthat solicited user feedback found that most
participants reported positive perceptions of the technology.
Several common concerns emerged from this user feedback.
These common concerns are summarized in Table 4.

Of greatest concern was user comfort as well as occasional
unpleasant side effects associated with the use of AR. Several
manuscripts indicated that wearable interventions, particularly
those including headsets, were not compatible with participants
who wore prescription eyeglasses. Additionally, some reported
participants experiencing side effects after AR use, including
dizziness, headache, and nausea. This constellation of adverse
effectsis collectively known as “cybersickness [43],” and has
been demonstrated to impact AR, mixed reality, and virtual
reality users, particularly those who are susceptible to motion
sickness [44]. Future research into AR should factor
cybersickness risk into study design and look to mitigate side
effects. Other common concerns included the costs associated
with both the purchase and maintenance of AR platforms[45],
aswell asinconsistent user interface and frequent technol ogical
glitches[46]. Addressing these concernsrequiresamulti-faceted
approach [47,48]. Collaborations with manufacturers, health
care providers, and end users will be crucial in creating AR
systems that are not only effective but also user-friendly and
economically viable [9,12]. Additionally, ongoing education
and support for users can help mitigate some of the initial
discomfort and resistance to new technology [49].
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Table. Summary of common concernsrelated to augmented reality (AR) usein prehospital care, including user comfort, user interfaceissues, information

technology (IT) challenges, and cost.

Concern Source
User comfort «  Headgear uncomfortable or disruptive to workflow, causes unpleasant
sideeffects (Rebol et al, 2023 [22]; Doswell et a, 2020 [25]; Follman
et al, 2019 [28]; Du et a, 2022 [29]; Follman et a, 2021 [31]; Hou
et al, 2022 [32])
« AR implicated: HoloLens, Google Glass, Moverio
User interface «  Userinterface confusing or difficult to use or requires steep learning
curve (Follman et al, 2021 [31]; Glick et al, 2021 [35])
« AR implicated: HoloL ens, ReconJet
IT issues «  Poor battery life, screen glitching, application freezing (Rebol et al,
2023 [22]; Barcala-Furelos et a, 2023 [27]; Aranda-Garciaet d,
2024 [30]; Follman et a, 2021 [31])
« AR implicated: HoloL ens, ReconJet, Vuzix
Cost «  High cost of materials, setup, and maintenance (Du et al, 2022 [29])

« ARimplicated: HTC VivePro

Limitations and Future Directions

This systematic review had several limitations. First, many of
the included studies were of small sample size. Most studies
included under 50 participants, with several included 10 or
fewer, which may result in some included studies being
underpowered. It is not unusua for studies investigating
expensive technologies in potentially cumbersome settings to
by necessity include small numbers; however, future research
can prioritize adequate sample sizes to ensure robust statistical
analyses. Second, our review compared studies with variable
outcomes and statistical methodol ogy and thus was not able to
examine data in aggregate. A potential next step would be to
conduct a metaranalysis of AR interventions in specific
emergency prehospital applications, such as CPR training or
MCI triage. Third, thisreview only included studies of AR apps
in the prehospital care of adults. Future research will include
inquiries into applications of AR for use with pediatric

populations. Finally, a main limitation of our search approach
was the potential for missed manuscripts due to not features
like MeSH headers in PubMed. However, the use of broad
search terms across multiple databases helped mitigate this
limitation.

Conclusion

This systematic review shows the promising role of AR
technology in enhancing the efficacy of prehospital emergency
care. The analyzed studies, involving a total of 14 RCTs
demonstrate that AR may enhance clinical decision-making and
training modalities within prehospital settings. These
improvements are crucial in high-stakes environments where
rapid and accurate response is essential. Challenges related to
technology integration, cost, and user acceptance remain.
Addressing these barriers and conducting further research will
bevital for realizing the full potential of AR in prehospital care
delivery.
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Abstract

Background: Multidisciplinary team (MDT) meetings are one of the facilitators that enhance knowledge sharing among health
care professionals. However, organizing a face-to-face MDT meeting to discuss patient treatment plans can be time-consuming.
Virtual reality software iswidely used in health care nowadays to save time and protect lives. Therefore, the use of virtual reality
multidisciplinary team (VRMDT) meeting software may help enhance knowledge sharing between health care professionals and
make meetings more efficient.

Objective: The objectives of this study were to introduce VRMDT software for enhancing knowledge sharing and to evaluate
the feasibility and usability of the VRMDT for use by professionalsin health care institutions.

Methods: We invited participants from The University of Manchester Faculty for Biology, Medicine, and Health who had a
health care background. Asthiswasthefirst stage of software devel opment, individualswho did not usually attend MDT meetings
were also invited viaemail to participatein this study. Participants evaluated VRMDT using aMeta Quest 3 headset, and software
developed using the Unity platform. The software contained an onboarding tutorial that taught the participants how to select
items, load and rotate 3D Digita Imaging and Communications in Medicine files, talk to a generative artificia
intelligence—supported avatar, and make notes. After the evaluation (approximately 15 min), participants received an electronic
survey using the Qualtrics survey tool (Qualtrics International Inc) to score the usability and feasibility of the software by
responding to the 10-item system usability scale, and 12-point heuristic evaluation questions with Neilsen severity rating.

Results: A total of 12 participants, including 4 health informatics, 3 with anursing background, 2 medical doctors, 1 radiologist,
and 2 biostatisticians, participated in the study. The most common age bracket of participants was 20 - 30 years (6/12, 50%).
Most of the respondents had no experience with virtual reality, either in educational or entertainment settings. The VRMDT
received a mean usability score of 72.7 (range between 68 and 80.3), earning an overall “good” rating grade. The mean score of
single items in the heuristic evaluation questionnaires was less than 1 out of 4 (the overall mean was 0.6), which indicates that
only minor problems were encountered when using this software. Overall, the participant’s feedback was good with highlighted
issues including a poor internet connection and the quality of the generative artificial intelligence response.

Conclusions:. VRMDT software (developed by Sentira*) was developed with several functions aimed at helping health care
professionals to discuss medical conditions efficiently. Participants found that the VRMDT is a powerful, and useful tool for
enhancing knowledge sharing among professionals who are involved in MDT meetings due to its functionality and multiuser
interactive environments. Additionally, there may be the possibility of using it to train junior professionals to interpret medical
reports.

(IMIR XR Spatial Comput 2025;2:e60651) doi:10.2196/60651
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Introduction

Overview

The United Kingdom'’s health care sector is facing significant
pressures from increased patient demands and workforce supply
issues. A need for efficiently connected health care employees
isimportant for sharing knowledge and it is an integral part of
knowledge management. During COVID-19, communication
across sectors moved towards web-based communication
methods[1-3], such asvideoconferencing (eg, Microsoft Teams
and Zoom), which helped to protect the lives of patients and
staff [3-5]. To maintain knowledge-sharing practices among
professionals, there are several professiona digital communities
[6,7]. The purpose of these professional digital communitiesis
to get professionals with common expertise to share their
knowledge without considering geographical barriers[6]. Virtua
multidisciplinary team (MDT) meetings have been shown to
have avisible rolein maintai ning communication among cancer
care professionalsto discuss, follow up, and set clear treatment
plans [8]. Additionally, it has been shown to improve cancer
patients' outcomes [9-13]. Traditional face-to-face methods of
MDT have drawbacks that limit attendance including lack of
time and funding [8]. Introducing new technology for
communication has benefits, although there are al so drawbacks
such as reliance on bandwidth, increased conversation time,
and loss of gesture communication that can be difficult
compared with traditional methods, thereby directly affecting
good decision-making [14,15].

The use of videoconferencing has surged as a communication
method during and post-COVID, although it has limitations
including the inability for natural F-2-F interaction due to the
participants only seeing a video image. Additionally, smooth
and stable internet network is required to ensure that video
conferencing runs smoothly. Moreover, the inability to show
3D images compared with thevirtual reality (VR) toolsmay be
a distinct disadvantage [16]. As a result, the existence of a
powerful web-based tool that simulatesareal environment may
have benefits. VR and augmented reality areincreasingly being
used in the medical field both for training and as a procedural
ad [17]. VR is defined as “a three-dimensional
computer-generated simulated environment, which attemptsto
replicate real world or imaginary environments and interactions,
thereby supporting work, education, recreation, and health”
[3,18]. In addition, the user can interact with avatars using
generative artificia intelligence (Al) supported natural language
processing (NLP) which further enhances the realism of the
experience. It requires head-mounted displays, and either hand
controllers or hand tracking in order to perform practical
procedures [19]. The sense of presence is one of the key
characteristics of VR that makes it different from other
communication mediums [14]. The use of VR applicationsin
the health care market has grown massively in recent years. In
2022, the VR health care market reached over US $2.3 hillion
worldwide, with 171 million VR users [20].

https://xr.jmir.org/2025/1/e60651

VR in health care has severa benefits, such as facilitating
training, education, and the development of technical skills.
Additionally, VR is being used for a variety of purposes,
including surgery and treatment, training, and patient therapy
and rehabilitation [21]. Kyaw et al [22], illustrated that using
VR applicationsimproves professionals' skills, and knowledge
compared with face-to-face communication and web-based
digital education. In particular, it has the ability to negate the
need for face-to-face contact, while maintaining the illusion of
being with colleagues in the real world [23].

There are severa factors that affect knowledge sharing in the
medical imaging department at cancer centers, which aresimilar
to those in most health care sectors [24]. MDTs are considered
important departmental facilitators that enhance knowledge
sharing among health care professionals [24]. MDT is
considered a pillar of the best practices in cancer canters and
plays an important role in cancer Treatment [25]. The United
Kingdom's National Health Service definition of MDT is “a
group of professionals from one or more clinical disciplines
who together make decisions regarding the recommended
treatment of individual patients’ [26]. MDT in cancer centers
is defined as the collaboration of several hedlth care
professionals in different fields engaged in the treatment of
cancer with the overall objective of enhancing the rate of
interpreting treatments of cancer patients, and patient care
[13,26]. Cancer centers began to use a multidisciplinary
approach in the mid-1980s, and by the 1990s, theMDT meeting
was introduced as an instrument for providing coordinated,
collaborative care, which allow a broader range of opinionson
treatment plans [13,27]. In addition, it provides training for
junior health care professionals. However, there are severd
barriers that contribute to not attending those meetings as per
policy recommendations. These include time constraints, lack
of departmental arrangements, geographical barriers among
health care professional's, and shortage of staff [13].

In health careingtitutions, implementing new interventions such
as VR among health care professionals may overcome current
barriers and enhance knowledge-sharing practices to increase
patients' outcomes and minimize medical mistakes. However,
there are several challenges to implementing VR as a
communication tool, including providing evidence that these
technologies can save time, increase productivity, and reduce
carbon footprint, without adding significant hardware costsand
training time [28-30]. The aim of this research is to introduce
new technology and perform a usability study of VR in MDT
to investigate the feasibility and usability of using VR in cancer
health care meetings.

Objectives

In this study, we developed a virtual reality multidisciplinary
teem (VRMDT) for enhancing communication with
professional's, which was evaluated in terms of its usability by
professionals from a variety of backgrounds.
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The aim of this study was to investigate the usability of newly
developed VRMDT software that helps gather health
professionals in a 3D immersive environment to aid
communication and set a clear treatment plan for the cancer
patient. The objectives of this study were:

« Tointroduce VRMDT softwareto health care professionals.

- Evaluate the usahility, feasibility, and efficacy of VRMDT
by applying the System Usability Scale (SUS), and
identifying the problems with the user interface by using a
heuristic evaluation questionnaire.

« ldentify the strengths and weaknesses of using VRMDT.

- Determine if this technology has the potential to increase
the number of MDT meetingsin cancer centerslocaly and
internationally.

« Increase awareness of using VR technology among health
care professionals in cancer centers.

Methods

An Overview of VRMDT Software

The software was designed by our University of Manchester
research team and developed using the Unity platform by
Sentira*R [31], which is a University of Manchester spinout
that uses VR and generative Al NLPto create authentic training
simulations for health care professionals and other disciplines.
The designs of the VRMDT comprise:

« Anonboarding section for those not familiar with VR.

«  Optionsto select ahealth care uniform of varying color and
add the name to be displayed above the head of each user’'s
avatar.

« 3D VR mesting room with round table.

« Ability to display a 3D Digital Imaging and
Communicationsin Medicine (DICOM) scan imagein the
middle of the virtual table to allow 3D visualization.
Additionally, there is a screen in front of each user to few
the DICOM imagesin atraditional 2D mode.

« A whiteboard for writing notes and drawing images.

« A laser pointer beside each user for pointing to specific
locations on the 3D DICOM images.

« Aninteractive avatar that uses generative Al NLPto provide
answers to questions from users in the room related to the
patient’s scans, condition, and patient history.

« A master control panel where patient DICOM images can
be selected.

The VRMDT (Figure 1) is designed to alow hedth care
professionals to treatment plan anywhere and at any time. To
run the VRMDT simulation, a reasonable Wi-Fi connection
(=10 Mbps), head-mounted display, and controllersare required.

https://xr.jmir.org/2025/1/e60651
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Before entering the MDT room, the user had the option to
undertake an onboarding scenario that introduced themto basic
functionality such as picking up objects, talking to the avatar,
selecting DICOM files, and making notes on awhiteboard. The
user can then begin the simulation first by typing in their
username (displayed over the head of their avatar) and selecting
their outfit's color (Figure 2). In the VRMDT software, there
is a round table fitting 10 users with a control screen that
contains the setting options, selecting the patient DICOM files,
and the option to move the control panel to another user.
Another screen availableto all 10 users displaysthe traditional
2D DICOM images for cancer patients (Figure 3B).
Additionally, the meeting room contains a whiteboard to allow
the user to make notes or draw diagrams (Figure 4B). In the
middle of the meeting table, the 3D DICOM (Figure 4A) images
appear with the facilities to rotate the images on the x-axis to
help show any tumors or lesions. A laser pointer is available to
each participant to help highlight a region on the 3D image
(Figure 3A). DICOM images were retrieved from The Cancer
Imaging Archivewhich are accessiblefor the public to download
and use without ethical approval. The time zones for both the
United Kingdom and Kuwait are displayed on the wall of the
meeting room.

Generative Al NLP used the InWorld platform [32]. Voice
cloning (voice of MA cloned) uses Eleven L abs softwarewhich
issupported by InWorld [32,33]. Patient information and avatar
background details were entered into InWorld and quality
assurance was conducted to ensure that the responses from the
generative Al NLP had an accuracy of 95% or greater. The
generative Al NLP-supported avatar was placed in the meeting
room (Figure 5) and allowed the user to ask questionsregarding
the medical condition of the patients. The Photon platform was
used to allow usersto speak with each other asthey would with
any teleconference software [34]. The purpose of the
Al-supported avatar was to provide the MDT with specific
details on each of the patients, such as name, age, status of the
medical condition, medications, chemotherapy/radiotherapy
received, response to treatments/medications, bloodwork, and
patient concerns. Providing patient information via an avatar,
removed the need for reading extensive text notes which is not
ideal in aVR environment due to reduced visual resolution and
an increased risk of cybersickness. It also alowed for one or
more of the MDT to be absent and still provide the information.

For the implantation, the software required a direct connection
with the Picture and Archiving and Communication System to
visualize patient images. Additionally, the VRMDT contains
instructions voiced over to guide the user throughout testing
the software.
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Figure 1. The environment of the virtual reality multidisciplinary team software.

Figure 2. “On boarding” interface page for selection of the outfits, and the info that will appear on the user (such as name).
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Figure 3. (A) Two screens. a controlled screen and a screen to display the traditional 2D scan images. (B) Laser pointer.

Figure4. (A) The 3D Digita Imaging and Communicationsin Medicine (DICOM) images and (B) awhiteboard.
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Figureb5. Interactive avatar.

Participants Asthiswasthefirst stage of software development, participants
who were not routinely involved in MDTswere also invited to

To be eligiblefor participation in this study, the participant had  eyaluate the software.

to have a health care background, with those recruited being

postgraduate students and staff at The University of Manchester. Participants were recruited viaemail with theinclusion criteria

as provided in Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.

Almashmoum et al

Inclusion criteria
«  Postgraduate students and staff at the University of Manchester.
e 2lyearsor older.
« Any gender.

Health care professionals who are involved in multidisciplinary teams.
Willing to provide informed consent.

English speakers.

Exclusion criteria
L]
N

People who are unwilling to wear a VR headset.

Health care professional background (including but not limited to doctors, nurses, and radiol ogists).

No pre-existing conditions that may cause discomfort or distress in avirtual reality (VR) environment.

People who do not read, speak or understand English, because the software isin English only.

People who had a pre-existing condition that may cause discomfort or distressin a VR environment

Instruments

Validated usability and utility questionnaireswere used to assess
the simulation’s efficacy, efficiency, and user pleasure [35].
Two methods were used to assess the usability evaluation:
10-item SUS, and 12-item heuristic evaluation questionnaires
[36,37]. Upon completion of the tria, the SUS and heuristic
guestionnaire links were email ed to the participant to complete
in their own time in Multimedia Appendix 1. The survey was
built using the Qualtrics survey tool [38]. Participants were
asked to assess the software based on 10-point scales [36] and
answer statements using a 5-point Likert [36,39-46]. The SUS
was selected as it is suitable method when applied to a small
sample size (N less than 14) [39]. Questions 1, 3, 5, 7, and 9
are positive, whereas questions 2, 4, 6, 8, and 10 are negative.
The 10 connected questions provide afull review of a product.
The SUSyields a score between 0 and 100 [47]. A higher SUS
score is associated with greater product usability.

To evaluate the user interface, and identify problems with the
software, heuristic evaluation was used [37]. There are severa
heuristic evaluation questionnaires used to assess
human-computer interaction [37,48,49]. In this study, we used
the heuristic evaluation questionnaire based on Sutcliffe and
Gault’s heuristic evaluation of VR apps [37]. It consists of 12
heuristic items, including natural engagement, compatibility
with the user’s tasks and domain, natural expression of action,
close coordination of actions and representation, realistic
feedback, faithful viewpoints, navigation and orientation
support, clear entry and exit points, consistent departures,
support for learning, clear turn-taking, and sense of presence.

Our survey was an open survey (no password required) based
on several previous VR usability studies but modified slightly

https://xr.jmir.org/2025/1/e60651

to align with our simulation [36,37]. The survey was checked
by 10 individuals with a health care background to ensure it
was easy to understand. In addition to the SUS questions and
heuristic evaluations, we aso collected information on
demographics.

Procedure

At the beginning of the evaluation, participants were given a
brief introduction to the project and shown how to use the VR
headset and controllers. For those new to VR, an onboarding
section was avalable. The overall evaluation ran for
approximately 10 to 15 minutes. If there was more than 1
participant present at the same time, we allowed them to trail
the software together so that they could see and interact with
each other through the VRMDT. For those who eval uated solo,
one of the devel opment team would join them in the simulation
so they could experience multiuser functionality. The
participants were emailed the survey to complete within a 2
week time frame with a reminder sent after this period.
Evaluationswere conducted between February and March 2024).
All sessions are located at The University of Manchester in a
dedicated VR lab.

Data I nterpretation

The results are interpreted as a grade for the SUS and a mean
for the heuristic evaluation. To provide the grade of the SUS,
there are 4 ratings for SUS interoperation: excellent (score
greater than 80), good (69 - 80.3), okay (score equal to 68),
poor (51-68), and awful (less than 51) [36]. For the heuristic
evaluation, each item wasrated for severity using Nielsen scale
(no problem=0, cosmetic problem=1, minor problem=2, major
problem=3, and catastrophe=4), asshownin Table 1[47]. Only
completed questionnaires were included in the final results.
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Table. Nielson severity rating [48].

Almashmoum et al

Rating

Definition

Don't Agree

Cosmetic problem

Minor problem

Major problem

Catastrophic

| do not agree that thisis a usability problem at al (there are no problems
with usability)

Needs not to be fixed unless extratime is available on the project (if there
istime, aesthetic issue that only has to be fixed).

Fixing this should be given low priority (alow priority for aminor usabil-
ity problem).

Important fix required that should be given high priority (major usability
problems, must be fixed right away)

Imperative to fix this before product can be released.

Data Analysis

The final data were analyzed by entraining it into an Excel
spreadsheet where the SUS score was calculated and the rate
of the severity of each heuristic item based on the Nielsen
severity scale for each item. The SUS questionnaire consisted
of 10 questions. The score of SUSwas cal culated by adding the
odd questions minus 5 and 25 minus the even number then
multiplied by 2.5 [36]. On the other hand, the rate of heuristic
severity was cal culated by adding the number of statementsand
accepting thefirst statement which isno problem becauseit has
zero value [37].

Ethical Considerations

The main purpose of this study is an anonymized eval uation of
the VRMDT software in terms of its usability and utility.
Therefore, the University of Manchester web-based ethics tool

Table. Demographics characteristics of the respondents (N=12).

and the School of Health Sciences ethics representative
confirmed that ethical approval was not required for this study.
Consent was obtained from all participants that required them
to sign a consent form. Anonymized responses were securely
saved using the Qualtrics database.

Results

Participants

A total of 12 participants from a variety of health care fields
were recruited (8/12, 67% female; 4/12, 33% male) with half
of the participants being between 20 and 30 years of age (6/12,
50%). Most of the volunteers had a doctorate degree (8/12,
67%), with 4 having experience in health informatics. Most of
the participants had no experience using VR before the
evaluation. The demographic characteristics of the respondents
are shown in Table 2.

Characteristics

Values, n (%)

Sex
Female
Male
Age group (years)
20-30
30-40
50-60
Highest education level
Master degree
Doctorate degree
Background
Nursing
Radiologist
Health Informatics
Medicine
Biostatistics

8 (67)
4(33)

6 (50)
5 (42)
1(8)

8 (67)
4(33)

3(25)
1(8)

4(33)
2(17)
2(17)

https://xr.jmir.org/2025/1/e60651

RenderX

JMIR XR Spatial Comput 2025 | val. 2 | 60651 | p.39
(page number not for citation purposes)


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

JMIR XR AND SPATIAL COMPUTING (JMXR)

Usability (SUS Questionnaires)

A total of 67% (n=8) of participants gave SUS scores greater
than or equal to 68. Four (33%) of the participants scored “ Poor”
with the VRMDT, with the SUS score rate less than 62. The
total mean scorewas 72.7, resulting in an overall “ Good” rating.
The SUS scores for the respondents are shown in Table 3.

Multimedia Appendix 2 presents the interpretation of the SUS.
Based on the SUS items, the participants indicated that the

Almashmoum et al

software was easy to learn how to use, with a mean score of
4.1. The highest scorewas given to theitem “I found the various
functionsin this software were well integrated (eg, whiteboard,
and DICOM images)” with a mean score of 4.25. In contrast,
the lowest score was given to the item “1 thought there was too
much inconsistency in this software” with a mean score of 1.5
where low scores are an indicator of better consistency.

Table. System Usability Scale (SUS) scores for respondents. Average=72.7 (Good).

Respondents Results
X0? YoP Sus Grade®

1 19 15 85 A
2 17 17 85 A
3 17 12 725 B
4 12 19 775 B
5 16 9 62.5 D
6 7 14 52.5 D
7 16 19 87.5 A
8 14 14 70 B
9 14 9 575 D
10 11 10 52.5 D
11 18 16 85 A
12 18 16 85 A

#The total odd SUS questions-5.
b25_the total even SUS questions.

®Sum of X0and YO x 2.5 (A=Excellent, B=Good, C=0Okay, D=Paor, and F=Awful).

Heuristic Evaluation

The participants rated the severity of each heuristic item based
on Nielsen severity scale. Theresults of theseratings are shown
in Table 4. The value of thefirst severity scale “no problem” is
zero, so it was not counted. We estimated the number and
severity of reported problems for each item. For example, we
received 3 statements that indicated the minor problemsfor the

https://xr.jmir.org/2025/1/e60651

RenderX

first item “natural engagement,” 1 for the major problem, and
2 for the cosmetic problem. The total score was calculated by
adding each heuristic item. All the items had a usability score
of lessthan 12, with a mean score of lessthan 2. Thisindicated
well-functioning software.

The summary rate is shown in Table 5. One of the respondents
reported 32 problems and 3 indicated no problems at all based
on 12 heuristic items.
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Table. Heuristics evaluation for each item with Nielson severity rating.

Number of items Nielsen severity rating
of the heuristics
No problem (0) Cosmetic prob- Minor problem  Major problem  Catastrophe (4)  Tota Mean
lem (1) %) (©)
1. Natural en- 9 0 2 1 0 3 0.7
gagement
2. Compatibility 6 2 2 2 0 6 15
with the user’'s
task
3.Naturd express 6 2 3 0 1 6 15
sion of action
4. Closecoordi- 8 2 0 1 1 4 1
nation
5. Redlisticfeed- 87 2 1 2 0 5 12
back
6. Faithful view- 10 0 2 0 0 2 05
point
7. Navigation 10 1 0 1 0 2 05
and orientation
support
8. Clear entry 9 1 1 1 0 3 0.7
and exit point
9.Consistentde- 8 3 1 0 0 4 1
partures
10. Support for 7 0 4 1 0 5 12
learning
11. Clear turn 11 0 0 1 0 1 0.2
12. Sense of 8 1 2 1 0 4 1
presence
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(page number not for citation purposes)

RenderX


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

JMIR XR AND SPATIAL COMPUTING (JMXR)

Almashmoum et al

Table. Heuristics evaluation with Nielson severity rating for each respondent (resp).

Number Respondents scores
of items
of the
heuris-
tics

Resp.l Resp.2 Resp3 Respd Resp5 Resp.6

1. Natu- O 0 0 2 3 0
ra en-

gage-
ment

2.Com- O 2 0 0 2 3
patibili-

ty with

the us-

er'stask

3.Natu- O 1 0 0 4 2
ral ex-

pression

of ac-

tion

4.Close 1 0 0 0 4 0
coordina
tion

5.Redis 0 0 0 2 3 0
tic feed-
back

6. Faith- 2 0 0 0 0 0
ful view-
point

7.Navi- 0 0 0 1 0 0
gation

and ori-

entation

support

8. Clear O 0 0 2 0 0
entry

and exit

point.

9.Con- O 1 0 1 0 0
sistent

depar-

tures

10.Sup- 2 0 0 2 0 0
port for
learning

11. 0 0 0 0 0 0
Clear
turn

12. 0 0 0 2 0 2
Senseof
presence

Total 5 4 0 12 8 7

Resp.7 Resp.8 Resp.9 Resp.l0 Resp.ll Resp.l2 Tota
0 2 0 0 0 0 05

3 32 0 6 6 0 0.6

Discussion

Principal Findings
The findings of this study provide valuable insight into the
current usability and futureimprovementsof VRMDT software.

https://xr.jmir.org/2025/1/e60651
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Previous research into VR meeting rooms indicates that they
may be an efficient tool for improving communication during
the planning of patient treatments [50]. Kirchgessner et al [51]
illustrated that VR meeting rooms are more motivational than
traditional technol ogies such as Zoom. Our work supported this
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with participant comments mentioning that presenting DICOM
imagesin both 2D and 3D formats made the VR meeting more
efficient than standard videoconferences with, respondent (D)
mentioning “Being able to view imagesin 3D is the best thing
about the VR software.”

Our results found that the VRMDT software had adequate
usability, with amean SUS of 72.7, whichis classed as* Good”
as an overall interoperation. Most of the participants indicated
that the simulation does not require intensive training to use it,
suggesting that the inbuilt onboarding software is sufficient for
training purposes, the respondent (C) said that “ Browsing menus
was simple and they were easy to use. Viewing DICOM images
was intuitive” Thisisimportant for any health care institution
as it will reduce the impact on existing training budgets and
trainer time. Additionally, most of the respondents indicated
that the software contains several useful functions, such as 2D
and 3D DICOM views, a whiteboard, and an avatar that
responds naturally to questions. These results suggest our
software has clear advantages compared with conventional
teleconferences. Another positive feedback was that the
immersive 3D meeting room environment helped users feel as
though they werein areal-world meeting. It isworth mentioning
that a low score (mean=1.5) was given to the item “1 thought
there was too much inconsistency in this software” which
indicated that the software was more relevant to its am and
objectives, and it performed well. The heuristic evaluation
method indicated that the VRMDT has a good user interface
with alow number of reported issues.

User Experience

Participant feedback highlighted afew areas for improvement.
Respondent (A) illustrated that “The reason why | indicated
there were some problems was due to the internet connection
not being stable, which sometimes led to lagging and the Al
avatar being slow to respond,” and another respondent (B) said
that “Software has potential but requires good Wi-Fi
connection.” Therefore, one of the major issues indicated by
most of the users was the poor internet connection, which
effected the sense of presence and interaction with some
functionality. Additionally, theinternet connection effected the
interaction with the avatar which resulted in delayed responses
to questions. Thiswas an issue with the eval uation room which
received a poor internet signal and was not an issue with the
software. The other issue was related to the avatar. The
respondents mentioned that the Al needed to be further
developed to respond to more specific clinical questions other
than age, general treatment, and health conditions. Additionally,
it should be designed to respond to any questionswith different
accent words, the respondent (C) said that “It also struggled
with my accent for certain words.”

On the other hand, most of the respondents indicated that
VRMDT was a powerful tool for sharing knowledge digitally
compared with the other mediums because it contains several
functions that make the environment immersive and very close
to reality. Respondent (A) said that “it felt very futuristic, and
| feel it will play an important role in future trans-geographical
meetings.” Therefore, this software would be agood alternative
tool in the future when face-to-face communication is not

https://xr.jmir.org/2025/1/e60651
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possible. Additionally, it was suggested that VRMDT may be
an alternative tool for training and ng the knowledge of
junior professionalsinstead of in-person training. In the future,
| would like to update the software by adding several functions
that help in upgrading the current software. For instance, the
meeting room will be secure under each hospital’s policies. In
addition, those who have permission to enter thisroom can join
thismeeting after theinvitation occurs. Moreover, It will contain
the digital library, which contains the files and information
about the casesthat you want to make decisionsregarding those
Cases.

Overall, the simulation wasidentified asapowerful tool for VR
clinical meetings. In particular, it contained afunctionality that
allowed usersto view both 3D and 2D DICOM images. While
thishas a so been devel oped for off-the-shelf software (eg, [52]),
the other software does not cater to a larger number of users
generaly seen at clinical meetings and lacks additional
functionality such asawhiteboard, laser pointer, and Al-assisted
avatar. Indeed, the avatar asan Al assistant was generally found
to be very helpful in answering questions regarding the patients
condition and was found to elevate the usability of the VR
meeting. Previous independent work has suggested that
cybersicknessis an issue for some users[29,30,53]. That issue
was not indicated in the user’'s feedback from our study. The
reasons for cybersickness not being an issue may include that
the simulation was developed so the user can remain seated,
which reduces excessive body movement both in real life and
the simulation and provides a comfortable body position.
Second, the headsets were modern (M eta Quest 3'swith battery
strap) and had a high frame rate (90 Hz), with a wide field of
view (110°H x 96°V), which aso helps reduce the risk of
sickness. The Quest 3 headset is aso reasonably priced (£480;
US $596) and easy to set up and use, making it a cost-scalable
solution. We &l so found that the software was usablein the Meta
Quest 2 without significant loss in performance, with this
headset being a much cheaper option (£200; US $249.45).
Overall, the hardware experience was good, with users finding
the headset very light on their head, and the controllers easy to
use. As a first-time exposure to VR, the majority found the
experience “amazing” enough that they recommended its
implementation for future VR meetings.

Limitation and Future Studies

This study has severa limitations that are worth documenting,
and which we will consider for future developments. First, the
VRMDT software was evaluated by a small number of health
care professionals. Second, most of the volunteers were
researchers, and many were from the health informatics field.
Third, we encountered another issue that the evaluation took
placein aroom that had apoor internet connection. That limited
the testing of the software efficiently, particularly the avatar
generative Al NLP which had lag, and multiuser functionality
where verbal communication between users was dightly
delayed. Finally, the generative Al seemed limited in answering
guestions related to the patient’s condition due to the lack of
information available on the archival system.

Future research will need to consider testing using a more
statistically powerful number of health care professionals
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involved in MDT meetings to determine how powerful the 2D
or 3D DICOM imagesare at identifying cancer lesions. Second,
to overcome the internet issue, we need to test the network
stability before performing the usability study. Thirdly, the Al
generative avatar needs to be supplied with more detailed
knowledge about the patients so it can more accurately answer.
Additionally, alongitudina analysis after implementation would
allow researchers to assess the impact of the software on
productivity. Finally, a direct comparison of our software with
current digital tools such as Zoom and Microsoft Teams will
help to assess its usefulness in terms of features, and
productivity.

Conclusions

In health careinstitutions, applying knowledge management is
crucia to using resources in a good way to increase patients
outcomes, and reduce medical errors. Knowledge sharing is
considered an important step for the successful implementation
of knowledge management. There are several factorsthat affect
knowledge sharing in medical imaging. These factors can be
divided into 3 categories. individual, departmental, and
technological factors. MDT meetings are considered a crucial
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the patient’s condition and scansin a correct and efficient way
with the volunteers rating the simulation as good. Our results
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Al, and the ahility to visualize DICOM filesin both 2D and 3D
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Abstract

Background: Demands on health care services can greatly outweigh capacity. Multifactorial causative factors present great
challenges, forcing the National Health Service (NHS) to increase efficiency and adaptivity. Concurrently, digital advancements
areexcelling and long-term plansfor NHS sustai nability are focusing on the use of technological interventionsto benefit patients.
As aresult, integration of extended reality (XR) technology has become an important focus of health care research. However,
models of how the digital literacy of health care workforces can be developed and how frontline staff can be actively involved
in the design and development of creative digital interventions are lacking. Such programs are essential to allow the development
and upscaling of digital innovation within the NHS for the benefit of the patients. Such a program has been developed in the
Digital Futures research lab at Torbay and South Devon NHS Foundation Trust, representing one of the first immersive digital
technologies research spaces embedded within the NHS. A “Digital Deep Dive’ training program has been devel oped, allowing
local health care workers to recognize the possibilities of digital health care technologies and supporting them in the evolution
of ideas for potential bespoke digital solutions appropriate to their own patient groups and care pathways.

Objective: This paper aims to explain the development of this unique XR Deep Dive program and present the evaluation that
informed future directions for its ongoing development.

Methods: The Deep Dive sessions were designed according to relevant pedagogic principles, including experiential, active,
and contextual learning theories. Voluntary pilot sessionswere held for local clinical teams comprised of junior doctors, consultants,
nurses, and allied health professionals. Self-selection sampling was used. Participants completed an anonymous postsession
feedback form, which was used to conduct a service evaluation. Datawere analyzed using descriptive statistics (quantitative) and
thematic analysis (qualitative).

Results: Intotal, 21 completed questionnaires were analyzed. Overall, the sessions were positively received: all participants
reported increased awareness of the potential for digital health care innovation postsession and most found it useful and relevant
to their clinical careers. Participants valued the sessions being grounded in a context relevant to local practice with opportunities
to interact with the technology through the lens of use cases.

Conclusions: We have developed a unique training initiative providing contextually relevant XR technology awarenesstraining
for health care professionals locally. Despite the growing pace of digital health care innovation, we recognized a knowledge gap
in our local workforce regarding the potential of XR technologies within health care. We responded by developing a training
program grounded in the concept of digital co-creation—working with staff and service users to develop bespoke solutions
integrated within patient pathways. The results from this paper will help to inform future directionsfor devel oping digital awareness
training in our trust and have implications for wider NHS digital literacy training.

(IMIR XR Spatial Comput 2025;2:€57361) doi:10.2196/57361

KEYWORDS

health care XR; extended reality in health care; XR; virtua reality in health care; VR; digital awareness training; digital deep
dive; digital literacy; emerging health care technology; digital future; extended reality; virtual reality
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Introduction

Welivein an erawhere demands on NHS services can outweigh
capacity. Thismismatch in capacity versusdemand isincreasing
and causative factors are multifactorial, including an aging
population, significant years of underfunding, a reducing and
inadequate workforce, and the COVID-19 pandemic. To meet
these challenges, health care services must become more
adaptive and efficient, while maintaining a world-leading
standard of patient and clinician experience, service quality,
and clinical safety. It is also an era where technological and
digital advancements are progressing at an unprecedented rate.

The 2019 government-commissioned Topol Review [1] made
important recommendationsto ensurethe NHS becomesaworld
leader in digital technologies utilization for the benefit of
patients, and the necessity to grow the digital literacy of the
health care workforce wasfurther accelerated by the COVID-19
pandemic [2]. In a more recent development, the 2023 NHS
Long Term Workforce Plan [3] underscores the significance of
digital competencies and integration as crucial componentsin
equipping the workforce to meet prospective service demands.

Extended reality (XR)—an umbrella term encapsulating the
spectrum of immersive technologies from simple augmented
reality (AR) through to complete virtual reality (VR)—has
become a key focus of cutting-edge health care research [4],
with its benefits becoming clearer through use in as many as
97 UK health organizationsand 119 distinct health careresearch
projectsin 2021 [5]. The comparison of XR-driven practicesto
traditional methods in medicine [6,7], surgery [8,9],
rehabilitation [10,11], and clinical education [12,13] have
become important research foci in recent years. Ultimately, the
effectiveness of XR technologies in enhancing clinical skills
and patient outcomes has been well demonstrated [6]. However,
asimportant as these research projects are, they are insufficient
if not accompanied by programsof digital training and education
to reach the wider workforce.

A review of the literature has indicated that, while studies
exploring the use of XR in a health care setting are numerous,
real-world working models of health care workforce XR
awarenesstraining arelacking, with no applicable papersyielded
from our search. Thus, despite the advancements in XR
technologies within health care, there is a notable gap in the
literature regarding the training of health care professionals to
effectively integrate these tools into clinical practice for the
benefit of patients. We propose that in order for XR technologies
to betruly embedded in the NHS, within clinical care pathways
and for the benefit of patients, they need to be understood and
utilized by clinicians and health care professionals within the
correct health care context. Although many digital technology
companies are innovating in this space, direct access to and
collaboration with clinicians and patients from the first stage
of their innovation islacking, meaning thereis often amismatch
or lack of true co-design in what is being developed and what
isactually required.

In 2020, this paper’s senior authors (JRL and NP) were
profoundly aware of thelack of digital literacy within their local
NHS health care workforce and the lack of successful fully
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integrated digital-clinical partnerships. Working together and
alongside other experts to allow a true understanding of both
the clinical and digital worlds, they set out to address this by
conceptualizing and developing the unique “Digital Futures:
Human Centred Digital Innovation” program [14], which was
initially supported by funding from Health Education England.
Theideawasto allow atrue understanding of both the clinical
and digital worlds and develop innovations in the common
ground between their areas of expertise. Thus, the
conceptualization of aDigital Futures Research Lab built onan
existing XR Lab, which had been in development at Torbay
Hospital since 2016. The program represents one of the first
immersive digital technol ogies research spaces embedded within
the NHS to inform nationa insights into research and
development of immersive digital technologies in health care.

The development of a “Digital Deep Dive’ training program
was one of the founding principles of the Digital Futures
program. Itsaim isto increase digital literacy and awarenessin
local clinical teams, supporting them to recognize the
possibilities of digital health care technologies and evolveideas
for potential bespoke digital solutions appropriate to their own
patient groups. The clinical user-led approach of joining digital
experts and clinical experts was conceptualized to allow
cross-fertilization of ideas and knowledgeto support the creation
of bespoke solutions within the patient pathways and represents
a “bottom up” approach of educating staff groups in digital
technology, which is now gaining national interest.

Through this paper, we aim to highlight how we have devel oped
local XR Deep Dive Training Sessions as part of the Digital
Futures Programme and evaluate the impact of pilot sessions
we have delivered.

Methods

Design

The XR Deep Dive training sessions have been developed
collaboratively between clinicians and digital expertsat Torbay
and South Devon Foundation Trust (TSDFT). The sessionswere
designed to be delivered to teams of health care professionals
across thetrust in the on-site TSDFT Digital Futures Research
Lab. Sincethe authors consider cross-fertilization of digital and
clinical expertiseto be paramount in the development of digital
interventionsthat are useful and usable in practice, the sessions
were designed to be co-delivered by a clinician and a digital
expert.

The Deep Divelearning strategy was originally conceptualized
by aglobal learning design company in the early 2000s and has
since been widely implemented across various industries to
promote learning and process devel opment within professional
teams [15]. Core to the Deep Dive methodology is integration
of key stakeholders, affording them the opportunity to
experiment with new concepts and brainstorm how that concept
could be adapted and successfully integrated into their own
unigue context [15]. This approach offers an ideal solution to
the challenges of XR health care training we have previously
described. Therefore, we have adapted the Deep Dive
methodology to develop our local training program: we first
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introduce participantsto the concept of XR, then we demonstrate
its potential within health care, and finally we alow time, space,
and support for teams to explore how the concept could be
developed within the context of their own health care specialty
for the direct benefit of local teams and patients.

To achieve this, we grounded our Digital Deep Dive session
designin Experiential Learning theory [16]. A vital component
of the deep divesisto showcase examples of embedded digital
technologiesin health care pathways across both our own trust
and more widely, thus feeding the imaginations of the
participants with the possibilities within the digital health care
space by promoting hands-on experience and reflection [16].
In-session digital interaction was a key design priority, with
timeallocated to practical demonstrationsand “digital playtime”
allowing participantsto trial the XR technology first hand. This
also aligns with active learning theories and evidence that this
type of digital interaction is a key component of achieving
successful technology training [17]. The Digital Futures program
hasa“humanfirst” approach to all itsinnovations, emphasizing
how digital innovation can be utilized directly to improve patient
care. In the Deep Dives, we therefore focus on technology in a
humanistic sense—adopting this approach accentuates the
personal, emotional, and psychological needs of the personin
additionto their physical health needs, stressing theimportance
of treating each person as a unique individual, ensuring that
care is patient-centred and that the health care experience is
characterized by compassion, empathy, respect, and dignity
[18]. We aimed to showcase how technology can be used to
connect uswith and value one another as fellow human beings,
and so incorporated illustration of local use cases to provide
context and authenticity. Thisdesign choice alignswith the goal
of uniting concept with practice, which is central to contextual
teaching and learning theory [19]. The informal learning
environment was designed to encourage questions and
discussion throughout, thereby supporting learners to develop
adeeper understanding and explore different perspectives[20].
Timewas also allotted at the end of the session for amini focus
group to further promote ideas for co-design and
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interdisciplinary collaboration of potential digital solutions.
Sessions were designed to be delivered in asmall group format
(<10 participants), asthis has been shown to foster better group
collaboration, interaction, and discussion [20]. Finaly, given
the importance of posttraining follow-up to provide further
support and ensure ongoing development [21], we considered
how we would deliver postsession support as part of our
program design—signposting to digital drop-in clinicsto further
improve targeted digital skills and share and refine ideas for
future digital innovation was therefore promoted at the end of
the Deep Dive sessions.

These design principles for the XR Deep Dive session are
outlined in Figure 1, encapsulating the overarching aims of the
training sessions, which are summarized in Figure 2.

Following the design phase, 8 voluntary pilot sessions were
held between May 2022 and May 2023. Health care
professional s—including resident doctors, consultants, nurses,
occupational therapists, play specialists, and
physi otherapi sts—from departments across TSDFT wereinvited
between May 2022 and April 2023 via email and online trust
advertising platforms to attend on a voluntary basis, therefore
utilizing self-selection sampling [22]. Volunteers from all of
theseclinical groups attended sessions, with each session hosting
between 3 and 8 participants to maintain the important small
group sizes. Participantswereinvited to complete an anonymous
postsession QR feedback form in Multimedia Appendix 1; by
submitting this, participants consented for their anonymized
commentsto beincluded in this service evaluation. The Squire
Guiddinefor Service Evaluation was used asaframework [23].
Free-text responses were evaluated by 2 authors (CG and PG)
using thematic analysis, which isthe accepted preferred method
of interpreting qualitative data [24].

Each session was al so observed by the senior author (JRL), who
provided feedback on content and flow and suggested
modifications. Using this feedback combined with the
participant feedback, through an iterative process, the final
content of the Digital Deep Dive sessions took shape.
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Figurel. Anoutline of the design of the XR deep dive training sessions. VR: virtual reality; XR: extended redlity.
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Figure 2. Theaims of the XR deep dive training sessions. TSDFT: Torbay and South Devon Foundation Trust; XR: extended reality.

Digital Deep Dive Session Aims:

Futures Project.

principles.

playtime.

1. Provide brief contextual education about the background of XR technologies in health care.
2. Promote awareness of the XR technology equipment available for use at TSDFT as part of the Digital

3. To showcase how XR technologies have successfully been integrated into different health care
environments both locally and further afield with a focus on “human first, patient-centered innovation”

4. Provide opportunity for participants to use the XR equipment and explore its potential through digital

5. Encourage imaginative exploration and collaboration of ideas regarding how XR technologies might be
further implemented into various health care settings.

Ethical Considerations

Inlinewith guidance provided by the Health Research Authority
and compatible local Research and Development policies at
TSDFT, aforma ethics application was not required for this
service eval uation project. Participants were made aware through
aformal statement on the feedback form that their anonymous
responses may be used for evaluation purposes and may be
included in future published work.

Results

From a total of 8 sessions delivered to 35 participants, 21
completed questionnaires were received, with a mix of
qualitative and quantitative responses (60% response rate).

https://xr.jmir.org/2025/1/e57361
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Quantitative responses were analyzed using descriptive statistics
and free-text responseswerethematically grouped and analyzed.

Quantitative Data

Data were collected through a series of closed questions and
5-point Likert scales. Quantitative data were collected in 2
categories: presession experience and postsession feedback.

Presession Experience

Resultsare displayed in Table 1. All participants who took part
in the XR Deep Dive sessions had little to no experience of
using XR technology previoudly. Although just over half of
participants were aware of XR being used in a health care
context—either generally or specifically—the remainder had
never heard of XR technologies being implemented in health
care, and none had any persona involvement in using XR

JMIR XR Spatial Comput 2025 | vol. 2 | €57361 | p.51
(page number not for citation purposes)


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

JMIR XR AND SPATIAL COMPUTING (JMXR)

technologiesin ahealth care context. Further, most participants
had never heard of the Digital Futures Programme at TSDFT

Table. Quantitative data (presession ideas).

Galvinet d

and knew nothing or very little about current use of XR
technologiesin our local health care services.

Question and answer

Number of responses (N=21) Percentage of total responses

Before this session, what was your experience with virtual reality/augmented reality technologies?

| had used these technologies afew
times previously

| had heard of these technologies
but had never used them

| had never heard of these technolo-
gies before

| had lots of experience of using
these technologies

11 52
9 43
1 5
0 0

Before this session, how familiar were you with the use of digital technologies such asvirtual reality/augmented reality in health care envi-

ronments?

| had never heard of these technolo-
giesbeing used in hedlth care before

| had heard of these technologies
being utilized in health care but did
not have much knowledgeregarding
how

| had heard about specific projects
involving these technologiesin
health care but have had no personal
involvement

| have personally been involved in
projects utilizing these technol ogies
in health care settings

8 38
7 33
6 29
0 0

On ascaleof 1 - 5, how much did you previously know about the digital projects ongoing at Tor bay and South Devon Foundation Trust?

1 (absolutely nothing)
2
3
4
5 (expert)
Had you previously heard of the Digital Futures Programme?
Yes, and | knew what it was
Yes, but | didn’'t know what it was
No

16 76

2 10

3 14

0 0

0 0

1 4.76
1 4.76
19 90.48

Postsession Feedback

Results are displayed in Table 2. All participantsindicated that
they had a better understanding of the Digital Futures
Programme and ongoing X R projectswithin thetrust after taking
part in the session. Most participants felt that the session was
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both useful and relevant to their future clinical careers and
reported feeling inspired or very inspired to utilize XR
technologiesin their own health care specialty. Most participants
indicated that they felt to some degree more confident in
operating the XR equipment after the session.
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Table. Quantitative data (postsession feedback).

Question and answer Number of responses (N=21) Percentage of total responses

Do you now have a better under standing of the Digital Futures Programme and the current digital projects ongoing in Torbay?

Yes 21 100

No 0 0
On ascaleof 1 - 5, do you feel this session hasinspired someideasfor how you might utilize digital technology in your chosen health care
specialty?

1 (not at all) 0 0

2 0 0

3 2 10

4 7 33

5 (completely) 12 57

On ascaleof 1 - 5, how likely would you now beto get involved in a digital technologiesin health care project in the future?

1 (extremely unlikely) 0 0
2 0 0
3 4 19
4 7 33
5 (extremely likely) 10 48
On ascaleof 1 - 5, how much more confident do you now feel in oper ating the virtual reality/HoloL ens technologies compared to before the
session?
1 (not any more confident) 0 0
2 0 0
3 5 24
4 13 62
5 (entirely more confident) 3 14

Do you think this session was useful to your future career?

Yes 20 95
No 0 0
Unsure 1 5

Do you think this session wasrelevant to your future career?

Yes 20 95
No 0 0
Unsure 1 5

= Text Dat relevance and utility; and postsession devel opment. Following
ree-lext Dala thematic analysis of the responses, key themes were identified

Free-text responses were collected in 4 main areas: presession  jn each of these areas. These themes are presented visualy in
ideas and motivation, session content and delivery; session  Figure 3.
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Figure 3. A visual representation of the themes identified from the free-text responses.
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Participants were asked 2 free-text questions in this area—the
first related to presession ideas about technology use in health
care and the second related to why the participant chose to get
involved in a Deep Dive session.

Of the 21 respondents, 13 (62%) raised preconceived ideas
about use of XR technology in health care. From these
responses, 3 themes were identified: Patient Concerns,
Technology Skepticism, and Cost and Scalability.

First, responses from 8 participants included concerns that
highlight the preconceived ideas that technology would damage
the patient-clinician relationship; technology use would lead to
impersonal health care; and technology would present usability
issuesin certain patient groups, such as older patients. Together,
these answers contribute to the dominant theme of Patient
Concerns. Presented below are some direct quotes from the
participants:

| wondered how user-friendly the equipment might

be, especially for older patients. [Participant 4]

Worried about virtual technology replacing physical
examination with patients. [Participant 19]

Negative impact on the clinician-patient
relationship—not very personal. [Participant 10]
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Second, Technology Skepticism emerged as another
preconceived idea. Participants expressed valid concerns about
the relative infancy of XR technologies, particularly XR for
health care, with some participant responses presented below:

I know of such technology in the gaming world, but...I
was skeptical about itsusesin healthcare. [Participant

7]

Technology and its use in healthcare are till very

much in their infancy. [Participant 5]
The third theme that emerged from asking about preconceived
ideas is that of Cost and Scalability. Four participants raised
the concern that digital projectsin health care may be unredlistic
due to the costs involved, and its impact on availability and
accessibility to the technologies. Some of the responses from
the survey participants are presented below:

\ery costly so thought it would not be very achievable
on alarge scale. [Participant 8]

Funding is likely to be the big barrier. [Participant
7]

Next, the motivation of respondents to participate in the Deep
Dive sessionsfell into 2 themes: Exploring an Existing I nterest
and Curiosity About New Opportunities. In response to the
guestion about motivation for participating in the sessions,
words such as“ exciting,” “interesting,” and “ unique” were used
frequently.
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An existing interest in digital technology was identified by 7
participants as motivation for their involvement in the training
ons. One participant stated:

| amcreative. | already know a bit about tech. | agree
there is huge potential in using technology,
specifically VR, to help people. [Participant 2]
Further, 13 participants talked about being curious about what
they perceived to be a new and interesting area. Multiple
participants alluded to technology being part of the future in
health care and that it holds many opportunitiesfor development.
Some quotes from the participants are presented below:

Interesting area of future development. [Participant
20]

Wanted to hear more about what opportunity there
was. [Participant 12]

Session Content and Delivery

Participants were asked to identify the best thing about the
session and whether they had any improvement suggestions.
To ensure future session improvements, a specific question was
also asked about any difficulties participants experienced when
using the digital technology.

Positive comments about the session content and delivery were
grouped in 2 themes. Digita Playtime and Contextual
Relevance.

When asked to identify the best thing about the session,
participants overwhelmingly gave answers that can be
categorized into the theme of Digital Playtime. The hands-on
digital experience integral to the session design was met with
substantive positivity, with 19 of 21 participants (90%) citing
the opportunity to use the technology in the session as one of
the best aspects. Some example survey responses are below:

Fantastic to have hands on experience and understand
more about how it all works. [Participant 11]

Practical time with the headsets. [Participant 13]

Next, participants particularly valued the use of local case
studiestoillustrate rea -life application and contextual relevance,
with 6 participants commenting that integration of use cases
into the session was one of its best aspects. One participant said
it was:

Brilliant to see the difference it's already making in

the trust and the collaboration and partnership

working already going on. [Participant 11]
Participants were then asked about any specific technology
difficulties experienced during the session and whether they
had any improvement suggestions. Regarding technology
difficulties, participants outlined 4 problems: connectivity issues
(6 participants), motion sickness/nausea (2 participants), device
fit issues (2 participants), and time to adjust (2 participants).

Eleven of 21 participants (52%) then made suggestions for
session improvement. From the responses, 3 themes emerged:
improvement of session balance, improvement of session
complexity, and improvement of internet connectivity.

https://xr.jmir.org/2025/1/e57361
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First, 8 participants gave answers that indicated better session
balance would be welcomed. Integrating more digital playtime
and less presentation time was frequently cited. Some
participants suggested increasing the length of the session to
allow for more digital playtime. One participant said:

At times there was too much tech talk which meant

less time spent using the actual equipment, | think

this could be streamlined to make the best use of time

in the session. [Participant 8]
Next, some responses suggested parts of the session were too
complex and not pitched at the appropriate level. Participants
highlighted that that there was “over-explanation of the
technology” (Participant 1), “too much tech talk to start”
(Participant 5), and that some parts of the session were “quite
confusing” (Participant 4).

Finally, the quality of the internet connection was mentioned
by 4 participants as an improvement suggestion, reinforcing
that thiswas the main technology difficulty experienced during
the sessions.

Session Relevance and Utility

Following the quantitative questionsregarding onrelevance
and utility, participants were subsequently asked to explain their
reasoning in a free-text question. Of the 21 participants, 20
(95%) thought the onwas useful and relevant to their future
clinical career—the single outlier was “unsure” When asked
to expand on their answers, participants gave responses in 4
themes: Digital Future of the NHS, Potential for Health Care
Innovation, Impact on Patients, and Ensuring |deas are Practical.

When considering the relevance/utility of the session, 11 of 21
participants (52%) commented on the Digital Future of theNHS
and the need for the workforce to be knowledgeable and
prepared:

It will become more and more relevant over time.
[Participant 8]

Realise that tech is coming to the NHS and we need
to be prepared to use it in our practice. [Participant
10]

Tech is only going to become bigger in the next

decade and clinicians need to catch up. [Participant

3
Next, 5 participants gave answers that fall under the theme of
Potential for Health Care Innovation, recognizing areas for
digital integration such as development of virtual patient
assessment systems and the interpretation of radiological
imaging. The technology <till being “in its early stages’
(Participant 9), however, was also recognized.

Three participantswrote directly about theimpact of technology
on patients, which was considered from different angles:

Sill unsure whether this will benefit patients.
[Participant 9]

| can see how thistype of thing can be used to benefits
patients’ care in the future. [Participant 21]

Finaly, 3 participants raised the point that that future
innovations must be practical. Funding concerns were again
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mentioned as well as comments relating to the need to “work
out what is realistic” (Participant 12) and the realization that
some useful ideas “ struggle in their execution” (Participant 2).

Postsession Development

To conclude, participants were asked for their suggestions on
how the sessions should be followed up. From the 9 answers
provided, 3 themes emerged: Clear Signposting, Focused
Technology Support, and Exposure to Technology in Context.

The need for clearly signposted postsession support was raised
by 3 participants, to allow ideas and interest generated in the
session to be appropriately followed through. One participant
talked about the benefit of having a “clear roadmap of steps
from thisworkshop to generating ideasright through to fruition”
(Participant 2).

Further, a need for focused technology support was identified
by 4 participants, in order to provide more support to participants
who had |ess experience with the technol ogy itself or those who
found adapting to the headsets more difficult. An example quote
isincluded below:

Would need more time and support if taking this
forward as a project. [Participant 11]

Finally, 3 participants identified that they might benefit from
the opportunity to have more exposure to the technology in
context, perhaps with opportunities to trial it in clinical
simulation or with real patientsin the clinical environment.

Discussion

An XR Deep Dive training program has been created for local
health care professionals, which has been evaluated as being
clinicaly relevant, successfully increasing local awareness of
current digital innovation projects within health care. It isalso
potentially useful to future clinical practice. Thisisthefirst step
in developing and enhancing digital literacy and innovation
within our health care staff across our integrated care
organization.

Session Strengths

Participants indicated that their presession experience of using
XR technology was minimal to nonexistent. The integration of
digital playtime and first-hand exposure to the technology were
reported as being an overwhelming strength of the session.
Participants were encouraged to reflect on these practical
experiences and engagein collaborative group discussion about
potential applications and developments in their own health
care settings. This experiential learning is a key component of
adult learning theory, where learning takes place in a
context-specific  cycle  of  experience,  reflection,
conceptualization, and experimentation [16]. To provide this
all-important context, relevant local use cases of successful XR
interventions formed the basis of the practical demonstrations,
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fueling participants’ imaginations of what is achievable within
our own organization, thereby lifting the concept of XR
integration from an abstract idea to a realistic possibility. For
example, the following use cases (developed in-house) were
explored (Figure 4):

1. Working with local clinical pain speciaists, the Digital
Futures team has been able to create a fully immersive tai
chi on the beach VR experience (Figure 4A).

2. The successful integration of HoloLens technology to
deliver immersive virtual clinicsin the patient’s homes.

3. How XR technology has been used at TSDFT to develop
and deliver interactive empathy (Figure 4B) and patient
management training (Figure 4C).

This contextua relevance was another key strength in our survey
results, supporting the mantra that “ seeing is believing” where
emerging technologies are concerned [25].

Significant cultural challengesexist to the widespread adoption
of XR technologies across all industries, including feelings of
apathy, distrust, confusion, and skepticism [25]. Such cultural
barriers are reinforced through our survey, with more than half
of respondents exhibiting negative preconceived ideas about
the use of XR technology in health care across 3 themes: Patient
Concerns, Technology Skepticism, and Cost and Scalability.
We believe that such concerns must be addressed head-on by
providing staff with the opportunity to experience the technol ogy
in action, with time and support to understand its qualities and
limitationsaswell as openly discussing and addressing concerns
[25]. After taking part in a Deep Dive session, many participants
acknowledged the potential of XR technology for health care
innovation and had developed an appreciation of what might
berealistically achievable at alocal level.

Our co-creation approach to developing digital solutions that
are useful and usable in practice was fundamental to the design
of the Digital Futures Deep Dive sessions and to addressing
these concerns. Having access to a digital expert during the
session enabled practical discussions focused on achievable
digital goals. Emphasizing cross-fertilization of clinica and
digital expertise allows participantsto understand that our local
Digital Futures Programme aims to produce co-devel oped,
intelligently implemented, and practically driven bespoke
patient-focused health care solutions [26], and that digital care
transformations are taking place in a positive sphere of
negotiation and meaningful dialogue with key stakeholders,
rather than being forced upon them [27].

The success of our XR Deep Dive training sessions is
encapsulated and demonstrated by a significant number of
parti cipants showing active postsession engagement and interest
in becoming involved in the local Digital Futures Programme,
bringing with them the seedlings of ideas that were sown in the
initial XR Deep Dive session.
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Figure4. Examplesof local XR use cases demonstrated during the XR deep divetraining sessions. (A) immersive VR tai chi on the beach; (B) interactive
VR empathy training; and (C) interactive HoloL ens patient management training. VR: virtual reality; XR: extended redlity.

Areasfor Improvement

Our survey reveded that participants felt the balance and
complexity of the session could be improved, with respondents
requesting more hands-on time with the XR headsets and less
presentation time, reinforcing that the strength of the session
liesinitsintegration of practical digital experience. Asaresult
of thisfeedback, we were ableto perform areview of the session
design after thefirst few deliveries and made someintermediate
interventions, including increasing the session length from 90
to 120 minutes with more dedicated practical time, streamlining
the session presentation, and simplifying the digital-focused
background information. This resulted in improved feedback,
with improvement comments under the themes of “Improvement
of Session Balance” and “ Improvement of Session Complexity”
occurring far less frequently in the later pilot sessions.

Approximately one-quarter of respondents talked about
connectivity issues when asked whether they experienced
technology difficulties during the session. Resolution of
connectivity issues subsequently became a theme for
improvement. Such connectivity issues are unfortunately
widespread in the NHS—asurvey found that 58% of NHS staff
had experienced Wi-Fi blind spotsin their trust buildings, and
two-thirds agreed that digital innovationsin their team had been
abandoned due to poor connectivity [26]. This is alimitation
of NHS infrastructure and is not within the abilities of this
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paper’s authors to change. However, we recognize—Ilike 98%
of NHS staff—that Wi-Fi infrastructure and maobile connectivity
are crucia to the future delivery of innovative health care [26]
and will therefore continue to play our part in campaigning for
improved connectivity as part of our local Digital Futures
initiative.

Principal Findings

The Digital Futures Lab is on-site in our NHS trust, and it is
bespoke and evolving. It was built to develop and support the
digitd literacy of al health care staff in our trust. Our evaluation
found that most participants came to our training session with
no or little knowledge about the use of XR technologiesin a
health care context or local XR development projects. As
expected, most participants had never heard of our new local
Digital Futures Programme and were not aware of the
investment and facilities available within our own organization
recently. Without awareness of the opportunities available,
clinical teamssimply cannot drive digital innovation. Thisaigns
with thefindings of a2023 survey that lack of digital knowledge
and skills within health care teams was considered by
three-quarters of surveyed NHS workers to be a significant
barrier to innovation [26]. Furthermore, this emphasizes the
Topol recognition that a culture of NHS digital innovation can
only be achieved when coupled with a learning culture that
supports frontline staff to explore new technologies and the
opportunities they present for patient care [1].
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An integral component to building such a culture is having a
cohort of learnerswho are motivated to explore the opportunities
presented by advancing digital technologies. An appetite to
explore and embrace digital advancementsto transform patient
care has been identified among health care workers on anational
scale [26]. Similarly, many participants in our survey
acknowledged the upcoming digital age of the NHS, recognized
digital technology as a tool for innovation, and cited their
curiosity to learn about such innovation opportunities as
motivation for seeking digital training.

Overdl, in our local health care workforce, there exists a
knowledge gap regarding XR potential and current local
opportunities coupled with a strong desire to rectify this,
indicating a clear need for the XR Deep Dive training session
we have created. After taking part in our session, all respondents
reported an increased awareness of local digital innovation and
most felt inspired to get involved in future digital projects
themselves, highlighting that our sessions have been successful
in meeting their aims.

Future Directions

Feedback from pilot sessions has supported the need for our
new XR Deep Dive training sessions and has informed the
refinement of the original session design as part of a quality
improvement cycle. Intermediate interventionsto addressinitial
concerns regarding session balance and overcomplexity have
already been successfully implemented, and there remains scope
for further improvement. For example, future directions of the
XR Degep Dive training program may involve atiered approach
to cater for participants of different starting abilities and
experiences, potentialy incorporating “beginner,”
“intermediate,” and “advanced” training sessions, which can
be accessed either in isolation or as aprogressive series. Future
evaluation of such an expansion of the training program would
offer further insights into how we can successfully fulfill the
NHS Long Term Workforce Plan of upskilling and training
staff in our NHS trust to maximize digital technologies to
improve health care delivery for the benefit of patients locally
[3]. Future research will also inform us about the different
technology behaviors of individualsand help us develop insights
on how behavior change can be encouraged.

Digital transformation, and XR health care technologies in
particular, arerapidly evolving and driving change. Maturation
of hardware and software means content is becoming more
sophisticated, user friendly, and seamlessly integrated into the
real world [25]. Training programs—such as the one we have
developed—uwiill therefore also be required to evolve. Regular
periodic reviews of the session content must be scheduled with
updates as required, to ensure the training does not become
outdated and irrelevant. Further, as use of technology in our
local trust increases, the use cases demonstrated in the XR Deep
Dive training sessions must also be reviewed to ensure they
remain current and engaging. Showcasing use casestailored to
the participants’ own context will become easier as more local
health care specialties adopt XR innovation.

Asthetraining program grows, we must ensure its sustainability.
This will involve the recruitment of local “clinical digital
champions’—asidentified in Topol [ 1]—to deliver peer-to-peer
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training, sharing their knowledge and unique experiences.
Recruitment and training of digital experts must also be
maintai ned—and increased proportionately—at the trust level.
Ongoing funding must be secured in line with the program
growth, which will require a funding strategy as part of the
wider Digital Futures Programme in our trust. A robust and
sustainable follow-up support model must be established to
bridge the gap between thisinitial training session and adopting
XR solutions in the clinical environment. Sparking the
imagination of what is possiblein therealm of local XR health
care technology is trivia if participants do not subsequently
have access to the technical support and expertise required to
conduct trialswithin their own clinical spaces. We have already
begun to tentatively explore a model of “Digital Clinics’ for
this purpose, but datafrom our survey emphasize how follow-up
support must be focused, context-specific, and clearly
signposted. Refining a sustainable follow-up model that meets
these criteriaisthe next step in the devel opment of thistraining
program.

Finally, digital hedlth caretransformation is certainly not without
itsethical challenges, including concerns around access, consent,
inclusivity, privacy, and dignity [1,28]. As digital innovation
training evolves, it must incorporate these ethical discussions
and continueto tackle cultural barriers. Encouraging honest and
open dialogue will be key to finding workable local solutions
to ethical challenges and ensuring a true co-design culture is
adopted. Our survey highlights staff concerns that XR
technology will remove the personal aspect from
patient-clinician relationships, thereby dehumanizing care. This
concernisalso recognized in the Topol review. Our local Digital
Futures goal aligns with that of Topol: to focus on how digital
technologies can enhance, rather than retract from, our human
interactions. We are proud that our local digital projects
prioritize the humanistic aspects of care and have built our
training to showcase this. As digital innovation and the
associated awareness training evolves, we must not lose sight
of our core values.

Limitations of This Paper

This paper explores a small, single-center pilot of a new local
training intervention. Its findings are intended to inform future
directions in our own trust and may not be generaizable to a
wider context.

First, given the voluntary, self-sel ection sampling used to recruit
participants to the Deep Dive pilot sessions, it islikely that our
survey suffers from selection bias, capturing the views of staff
who were aready motivated to undertake the training in the
first place. Given that a significant number of survey
respondents talked about a prior interest in technology and a
curiosity to explore new digital opportunitiesfurther asareason
to sign up to the pilot sessions, it is likely that our data do not
capture the cohort of staff in our trust who are true digital
skeptics. To obtain a wider spectrum of opinions, for future
iterations of this pilot, we should aim to recruit staff members
who do not have prior motivation for engaging in digital training
sessions. Thiswill provideinsightsinto how we can effectively
engage digital-skeptic staff to engage in the technology
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advancements being implemented both in our local trust and
nationally within the health service.

Second, feedback was collected via an online feedback form
accessed viaaQR code at the end of the session. Not all session
participants completed the feedback (60% response rate),
possibly owing to the fact there was no physical form and they
never got around to submitting it online. Concerns around
nonresponse bias must therefore be considered when interpreting
our findings. Obtaining feedback online is an established
challenge [29]. To ensure a more complete representation of
participant views in future, it may be preferable to supplement
a feedback form with a recorded feedback focus group at the
end of future sessions.

Conclusion

Having identified agap in real-world working models of health
care workforce XR awareness and development training, we

Galvinet d

have designed and implemented XR Deep Divetraining ons
for hedlth care staff. This was one of the principle aims of our
Digital Futures Programme. These onsprovide contextually
relevant X R technol ogy awarenesstraining and are thefirst step
in working toward the goal of nurturing digitally literate health
care workforces who have the knowledge and skillsto embrace
transformative technology in the improvement of patient care,
as per Topol [1]. Our session design draws on Experiential,
Active, and Contextual Learning theories by showcasing local
use cases of the technology in practice, prioritizing hands-on
digital playtime and emphasizing the vital cross-fertilization of
clinica and digital expertise in the co-creation of digital
solutions that are useful and usable in practice. Data from the
pilot sessions suggest that we have created a training session
that is engaging as well as relevant and useful to future clinical
practice. The results from this paper will help to inform future
directionsfor developing digital awarenesstraining in our trust.
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Abstract

Background: Virtual reality (VR) could possibly alleviate complaints related to chronic muscul oskeletal pain (CMP); however,
little is known about how it affects pain-related variables on an individual level and how patients experience this intervention.

Objective: This study aimed to gain detailed insight into the influence of an at-home VR intervention for pain education and
management on pain-related variables, and to exploreits feasibility and general experience.

Methods: The study applied a single-case experimental design in which an at-home VR intervention was used for 4 weeks by
patients with CMP who were on a waiting list for regular pain treatment. Outcome measures included pain-related variables,
functioning, and objectively measured outcomes (ie, stress, sleep, and steps). Outcomes were analyzed using data visualization
(based on line plots) and statistical methods (ie, Tau-U and reliable change index) on an individual and group level. In addition,
afocus group was conducted to assess feasibility and general experienceto substantiate findings from the single-case experimental
design study. This focus group was analyzed using inductive thematic analysis.

Results: A total of 7 participants (female: n=6, 86%) with a median age of 45 (range 31 - 61) years participated in this study.
A dataset with 42 measurement moments was collected with a median of 280 (range 241 - 315) data points per participant. No
statistically significant or clinically relevant differences between the intervention and no-intervention phases were found. Results
of the visual analysis of the diary data showed that patients responded differently to the intervention. Results of the focus group
with 3 participants showed that the VR intervention was perceived as afeasible and valued additional intervention.

Conclusions: Although patients expressed a positive perspective on thisVR intervention, it did not seem to influence pain-rel ated
outcomes. Individual patients responded differently to the intervention, which impliesthat thisintervention might not be suitable
for al patients. Future studies should examine which CMP patients VR is effective for and explore its working mechanisms. In
addition, future larger trials should be conducted to complement this study’s findings on the effectiveness of this intervention for
patients with CMP and whether VR prevents deterioration on the waiting list compared with a control group.

(IMIR XR Spatial Comput 2025;2:€58784) doi:10.2196/58784

KEYWORDS

virtual reality; VR; chronic musculoskeletal pain; CMP; single-case experimental design; SCED; user experience; self-management;
muscul oskeletal pain

next to the significant financial and societal burden [1].
Unfortunately, the effectiveness of biomedical treatment options
Chronic musculoskeletal pain (CMP), defined as pain lasting  fOF CMP does not seem to be very promising [3], since CMP
longer than 3 months, is a major problem and prevalent in usualy is _acomplex problem with an interplay of biological,
approximately 20% of adults [1,2]. CMP is associated with a  PSychological, and social factors[6].

decrease in quality of life and menta health problems [3,4],
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Given the complexity of CMP, treatment should use a holistic
approach in accordance with the biopsychosocial model [5] and
neuromatrix theory [7]. Unfortunately, most more complex,
holistic interventionsfor CMP have awaiting list period, which
could have a deteriorating effect on patients with CMP [8].
Therefore, it might be sensibleto already start treatment during
this waiting list period. Virtua redlity (VR) is a novel,
therapeutic technology that is suitable for stand-alone, at-home
treatment [9]. VR is defined as “a collection of technologies
that allow people to interact efficiently with 3D computerized
databasesin real time using their natural sensesand skills” [10].

Even though VR for CMP seems promising, much is till
unknown about its underlying mechanisms (eg, distraction or
skills-building) [11] and influences on an individua level, as
previous studies applied a nomothetic approach [9]. Since the
principles underlying VR for CMP remain ablack box [12], an
idiographic approach iswarranted for acomplex condition like
CMP to gain insight into the influence of VR on individual
outcomes[13]. A single-case experimenta design (SCED) study
could increase understanding of theindividual experience[14].
SCED studies apply detailed assessment at numerous timepoints
[15] and have benefits over other designs, including patients
serving as their own control and being especially suitable for
heterogeneous samples, like CMP patients with a variety of
conditions [16]. A recent SCED study on VR for chronic low
back pain (CLBP) found that VR has the potential to reduce
CMP-related complaints, possibly through a combination of
distraction and modification of attitudes and beliefs [17]. We
expect that this VR intervention is suitable not only for patients
with CLBP but also for patients with other CMP conditions. In
addition, we hypothesize that VR might influence other outcome
measures like pain acceptance and interference, functioning,
and objectively measured outcomes.

Therefore, the aim of our study wasto (1) explore whether and
how aV R intervention has an influence on pain-rel ated variables
onanindividual level and (2) explorethefeasibility and general
experience of the VR intervention. To do so, patientswith CMP
received a pain education and management VR intervention at
homewhilethey were on awaiting list to receive pain treatment.

Methods

Design

This mixed methods study consisted of 2 parts. The first part
of the study applied a nonconcurrent single-case experimental
ABA-design on at-home, VR intervention for patients with
primary or secondary CMPwho were on awaiting list to receive
regular pain treatment. Phases A1 and A2 (no intervention) were
1 week before and 1 week after the VR intervention, fulfilling
the criterion for asufficient baselinein single-case designs[18].
Phase B (VR intervention) lasted atotal of 4 weeks. To report
and conduct the study, the Single-Case Reporting Guidelinein
Behavioural Interventions (SCRIBE) wasused [19], more details
in Multimedia Appendix 1. The second part of this study
consisted of 1 focusgroup with patientswith CMPwho received
the intervention. The aim of this focus group wasto gain more
insight into the general experience and feasibility (including
acceptability and practicality, which includes participants

https://xr.jmir.org/2025/1/e58784
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satisfaction and ability to use a new intervention [20]) of the
VR intervention and substanti ate findings from the SCED study.
This part of the study was reported and conducted according to
the Consolidated Criteria for Reporting Qualitative Research
(COREQ) reporting guidelines[21], more detailsin Multimedia
Appendix 2. Recruitment and completion of the study
procedures was from February 2023 to April 2023.

Ethical Consider ations

The medical ethics committee of Radboudumc provided a
non-WMO (medical research involving human subjects act)
waiver (2022 - 15829) to conduct this study. The ethics
committee of the University of Twente approved this study (RP
2022 - 174), as well as local ethics committees of the
participating health care organi zations. Participants gave written
informed consent before any study procedures and received €50
(US $52) for participation in this study after finishing all
procedures. All participant data was pseudonymized.

Participants

Participantswere recruited from 4 secondary care organizations
in the Netherlands (ie, Roessingh Centrum voor Revalidatie,
Roessingh Fijnrevalidatie, ZGT Nocepta, and Deventer hospital).
Patients were deemed eligible for participation if they (1) were
aged 18 years or older, (2) had primary or secondary CMP, (3)
finished first-line treatment, (4) were open to treatment with
biopsychosocia elements, and (5) were willing and able to
comply with the study protocol. Patients were excluded if they
(2) were not capabl e of finishing theintervention dueto physical
(eg, face wounds, severevisual impairment), mental (eg, severe
sensitivity to stimuli), or practical problems (eg, insufficient
tech literacy); and (2) had no comprehension of the Dutch
language.

Intervention

In this study, the Conformité Européenne (CE)—certified VR
intervention Reducept was used asadaily at-homeintervention
for 10 to 30 minutes per day for 4 weeks, thereby following the
intervention protocol dosage from the intervention provider.
Besides pain neuroscience education (PNE), the VR intervention
incorporates elements of several psychological therapiesinto 1
application: hypnotherapy, mindfulness, acceptance and
commitment therapy (ACT), and cognitive behavioral therapy
(CBT). The intervention was described in more detail in
previous studies [9,22,23]. The Pico G2 4K (Bytedance)
head-mounted display (HM D) was used in this study to provide
theimmersive VR intervention.

Procedure

Patients visited one of the participating centers of this study for
their pain treatment. After their intake, but before starting their
secondary care treatment (either [nonjinvasive pain treatment
or interdisciplinary pain rehabilitation), patients were screened
by their health care professional for possible participation in
the study. Patients were given the opportunity to participate in
our study or wait for their treatment on the waiting list without
receiving any other treatment. In addition, participants were
made clear that participating in this study would not have any
influence on the pain treatment they were on awaiting list for.
If a patient was deemed €ligible, he or she was contacted by
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their health care professional, who gave a brief explanation
about the study and asked for permission to forward the patient’s
contact details to the researcher (through a fully secured app:
Siilo). Next, the researcher contacted the patient by phone and
gave more detailed information about the study and asked the
patient to contemplate participating in the study. The patient
enrolled in the study by signing the informed consent and
received the first questionnaires (T0), the Garmin Forerunner
255 wearable, and the VR headset. The wearable and VR
headset were provided by the researcher and used by participants
for the duration of the study procedures. In the first week, a
detailed baseline was obtained by asking patients to use the
wearable andfill in the diary and weekly questionnaires, without
receiving the intervention (phase A1). After this phase,
participants carried out the intervention at home for four weeks
(phase B). Next, patients waited a week (phase A2) before
receiving the pain treatment he or she was on the waiting list
for. After phase A2 and during the period patients received the
pain treatment they were on awaiting list for, patients returned

Table. Overview of outcome measurements.

Slatman et al

the used equipment (ie, VR headset and wearable) and were
invited to the online focus group, using Microsoft Teams, about
the feasibility and general experience of the intervention. The
focus group was conducted by 2 researchers (SS and LH),
assisted by aresearch student assistant. Both SSand LH attended
various courses on and have previous experience with qualitative
research. Given this experience, there may have been
preconceived notions regarding VR for CMP. We aimed to
reduce potential biases by fostering open discussionsand critical
reflectionsthroughout data collection and analysis. None of the
participants had previous relationships with any of the
researchers conducting and analyzing the focus group. Thetopic
list used for thisfocus group is added in Multimedia Appendix
3.

Outcomes

The outcome measures are shown in Table 1. The TIIM app
(University of Twente, Enschede, the Netherlands) was used to
collect demographic information, diary measures, and weekly
guestionnaires.

Pre Week 1 Week 2 Week 3

Week 4 Week 5 Week 6 Post

Patient charac- 0O

teristics
Diary mea-
sures

Weekly ques-
tionnaires

Wearable data

VR? parame-
ters

Feasibility

3V/R: virtual reality.

Diary Measures

Thedaily diary questions consisted of 4 questions, based onthe
IMMPACT (Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials) recommendations for chronic
painclinical trials[24]: painintensity (ie, what score would you
give your pain today?), pain interference (ie, how burdensome
was your pain today?), physical functioning (ie, to what extent
did your pain restrict you in doing daily activities today?), and
emotional functioning (ie, how was your mood today?). All
guestions were scored on a 0 (lowest) to 10 (highest) scale. A
recent study showed that daily measures of pain and pain-rel ated
variables are both valid and reliable [25].

Weekly Questionnaires

Every week, participants were asked to answer 3 questionnaires
to measure pain self-efficacy (Pain Self-Efficacy Questionnaire
[PSEQ]) [26], pain acceptance (Chronic Pain Acceptance
Questionnaire [CPAQ]) [27], and pain coping (Pain Coping
Inventory [PCI]) [28]. These questionnaires were the Dutch
trangdlation of the original questionnaires, and al were shown
to have adequate reliability and validity [29-31].

https://xr.jmir.org/2025/1/e58784

Wear able Outcomes

The following outcomes were measured using the wearable:
physical activity (ie, daily steps), seep quality, and stress. Daily
deep quality was scored from O (worst sleep quality) to 100
(best deep quality) based on multiple factors, including sleep
duration, stress score during sleep, and restlessness. Daily stress
was measured using Garmin’s stresslevel from O (lowest stress
level) to 100 (highest stress level), which is based on the
participant’s heart rate variability (HRV). More information
about the construction of sleep quality and stress as outcome
measuresin this study can befound in the Garmin manual [32].

Other Outcomes

The following patient characteristics were asked at baseline:
age, gender, duration of CMP, comorbidities, pain location,
pain medication use, expectation of intervention, occupational
situation, education level (based on [33]), and experience with
VR for treatment and entertainment.

V R-related parameters that were monitored included usage and
module of the VR intervention.
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Thefeasibility of the intervention was explored using usability
data (ie, number of minutes used per day) and a semistructured
postintervention focus group with patients who received the
intervention.

Statistical Analysis

The results of the SCED study were examined using a
combination of statistical and visual analyses [34,35]. Phase
A1 of each individual participant was observed to determine a
stable personal control to note any revealing aterations for the
outcome variables measured in phase B. Both within-phase and
between-phase analyses were performed and checked for
patterns within participants. To determine changes in outcome
variables in SCED studies, it is recommended to use the
following factors to interpret the data: (1) raw data, (2) central
tendency, (3) trend, (4) variahility, (5) point of change, and (6)
overlap region[15]. All visual plotswere constructed using the
Shiny SCDA web application [36,37]. Besides this visual
analysis, outcomes of the diary questions and wearable data
were statistically analyzed using the Tau-U nonoverlap method
[38], using aweb-based cal culator [39]. Effect sizes for Tau-U
were interpreted as small (0-.65), medium (.66-.92), or large
(>.92) [38]. To gain insight into the relationship between
pain-related variables during the intervention, outcomes of the
weekly questionnaires were compared on an individual level
using the Reliable Change Index (RCI). The RCI was cal culated
using the pretreatment and posttreatment scores and was

Table. Demographics of participants (n=7).

Slatman et al

considered reliable at 1.96 or more [40]. Clinically important
differences in pain intensity were examined between pre- and
postintervention, in which areduction of >30% or 2 pointswas
considered clinically important [41]. The recording of thefocus
group, which had a duration of 50 minutes, was transcribed
using Amberscript. Thistranscript was analyzed using inductive
thematic analysiswith Atlasti (version 24), based on the 6 steps
proposed by Braun and Clarke [42]: (1) (re-)read transcript to
familiarize with the data, (2) generateinitial codes, (3) combine
codes into themes, (4) review themes, (5) define themes, and
(6) report findings. These stepswere compl eted by 2 researchers
(SSand LH) and discussed until consensuswasreached. Finally,
all authors agreed on the final themes and results identified
during this process.

Results

Patient Characteristics

A total of 9 participants enrolled in this study, of which 7
completed the study (Table 2). In addition, 1 participant stopped
due to being too busy and 1 participant completed <50% of the
questionnaires and was therefore excluded from the analysis.
The 7 participants who were included in the analysis provided
amedian of 280 (range 241 - 315) data points per participant.
None of the participants had previous experience with VR. No
adverse events were reported by any of the participants from
using the VR intervention.

Participant Age (years) Gender Highest level  Occupational ~ Painduration Painlocation Medication Expectancy?®
of education  situation (years) use

1 31 Woman Higher Part-time 1 Foot, ankle Yes 6

2 55 Man Lower Full-time 17 Legs, hands Yes 5

3 45 Woman Middle Part-time 5 Wrigt, shoul-  Yes 4
der, back

4 31 Woman Middle Unemployed 7 Generalized  No 6

5 61 Woman Lower Part-time 30 Back, hip Yes 6

6 52 Woman Higher Full-time 3 Back, shoul-  Yes 5
ders, neck

7 37 Woman Higher Part-time 4.5 Back, pelvic  Yes 6

85cored from O (lowest expectancy) to 10 (highest expectancy).

Visual Analysis

Results of the visua analysis of the diary data showed that
patients responded differently to the intervention, as discussed
below per outcome variable. Theresults of the 4 diary outcome

https://xr.jmir.org/2025/1/e58784

measures are presented in Figures 1 and 2 and Multimedia
Appendix 4, inwhichthephasesAl(day 1 - 7, nointervention),
B (day 8- 35, intervention), and A2 (day 36 - 42, no
intervention) are presented on the x-axis and scores from 0
(lowest) to 10 (highest) are presented on the y-axis.
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Figure 1. Visual analysis of diary data on pain intensity (see clearer version in Multimedia Appendix 5).
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Figure 2. Visua anaysis of diary data on pain interference (see clearer version in Multimedia Appendix 6).
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Pain intensity scores (Figure 1) remained relatively consistent  phase A1 (eg, participant 6 from mean phase A1 6.4, SD 0.8,
through phase A1, B, and A2. However, some participantsseem  to mean phase B 5.1, SD 1.7), while othersreport higher scores
to report somewhat | ower scores during phase B comparedwith  (eg, participant 3 from mean phase A1 1.9, SD 0.9 to mean

https://xr.jmir.org/2025/1/e58784
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phase B 3.3, SD 1.4). Furthermore, it is notable that most
participants reported substantial variability within proximate
measurement moments.

Analysis of the pain interference outcome (Figure 2) showed
that patients reported fairly stable scores on central tendency.
Some participants showed minor improvement between phases
(eg, participant 2 from mean phase Al 6.7, SD 0.8, to mean
phase B 7.5, SD 0.7), while others showed some deterioration
(eg, participant 5 from mean phase B 6.4, SD 0.9, to mean phase
A2 5.7, SD 0.8). In addition, it should be noted that pain
interference scores show much likenessto pain intensity scores.

Results on physical functioning (Multimedia Appendix 4)
showed that central tendency does not seem to alter too much
between phases, similar to the results on pain intensity and pain
interference scores. Variability within patients seems to be
similar to previously reported outcome measures aswell, except
for participant 3 who shows large variability within proximate
measurement times (eg, day 23: 2; day 24: 10; day 25: 2).

Finally, emotional functioning scores (Multimedia Appendix
4) were relatively high in most participants (mean 7.1, SD 1.5,
compared with mean painintensity 5.9, SD 1.8, paininterference

Table. Statistical analysis of diary and wearable data.

Slatman et al

5.9, SD 1.8, and physical functioning 5.4, SD 1.7). Trend
between phases seemed to be improving for some participants
(eg, phase A1 of participant 7), while the opposite occurred in
other participants (eg, phase A2 of participant 4). Variability
seemed to be lower compared with previously discussed
outcome measures in most participants.

Statistical Analysis

Analysis of the daily diary and wearable data using Tau-U, as
shown in Table 3, showed no statistically significant difference
in any of the outcome measures. In addition, no clinically
important reductions in pain intensity (ie, reduction of pain
intensity score of 230% or =2 points) were found. Results of
the statistical analysis of the weekly questionnaires using the
RCI (Table 4) showed no reliable change on any of the
guestionnaires for any of the participants. More detailed
information about the results of the wearable data and weekly
guestionnaires can be found in respectively Multimedia
Appendix 7 (individual scores on steps, stress, and sleep) and
Multimedia Appendix 8 (Group scores on weekly
guestionnaires). Median VR use was 37.5 minutes per week
(range 7.8 - 78.4).

Tau-U 95% ClI P value
Pain intensity -0.011 -0.16t00.14 .88
Pain interference -0.013 -0.16t00.13 87
Physical functioning -0.091 -0.24t0 0.06 .23
Emotiona functioning -0.021 -0.17t00.13 .78
Steps 0.013 -0.14t00.17 .87
Stress -0.075 —-0.231t0 0.09 .36
Sleep 0.082 -0.08t00.24 32
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Table. Statistical analysis of weekly questionnaires.
Participant
1 2 3 4 5 6 7
PSEQ?
Pretreatment, 43 (0.7) 31(3.5) 42 (4.2) 21(8.5) 37 (4.9) 23(2.8) 27 (0)
mean (SD)
Posttreatment, 38 (2.8) 36 (0) 47 (2.1) 23(2.1) 45 (1.4) 18 (2.1) 29 (3.5)
mean (SD)
RCI? -1.05 1.05 1.05 0.42 1.68 -1.05 0.42
CPAQ®
Pretreatment, 23 (0) 32(0.7) 31(0.7) 20(0.7) 29 (1.4) 15(1.4) 18 (5.7)
mean (SD)
Posttreatment, 28 (1.4) 31(3.5) 31(2.8) 23(0) 29 (1.4) 1521 20(2.1)
mean (SD)
RCI 0.74 -0.15 0 0.45 0 0 0.30
PC19 active
Pretreatment, 31 (0.7) 31(1.4) 31(1.4) 29 (0.7) 26 (0.7) 28(0.7) 30(1.4)
mean (SD)
Posttreatment, 28 (1.4) 28 (0) 34 (0) 26 (0) 27(2.8) 23 (1.4) 30(0.7)
mean (SD)
RCI -0.84 -0.84 0.84 -0.84 0.28 -1.40 0
PCI passive
Pretreat- 40 (1.4) 44 (5.7) 42 (0) 64 (2.8) 46 (3.5) 49 (0.7) 51 (4.2)
ment, mean (SD)
Posttreat- 43 (4.2) 44 (0.7) 36(.7) 59 (1.4) 44(0.7) 45 (0) 55 (1.4)
ment, mean (SD)
RCI -0.38 0 0.77 0.64 0.26 0.51 -0.51

8PSEQ: Pain Self-Efficacy Questionnaire.

bRCI: Reliable Change Index.

SCPAQ: Chronic Pain Acceptance Questionnaire.
dpCl: Pain Coping Inventory.

Focus Group Analysis

Participants 4, 6, and 7, as described in Table 2, participated in
the postintervention focus group. The other participants were
not able to participate because they were too busy (with their
pain rehabilitation program) (n=3), and did not feel well on the
day of thefocusgroup (n=1). Based on the analysis of thefocus
group, the following three themes were identified: (1)
experiences of CMP patients with VR, (2) feasibility of VR,
and (3) VR in CMP rehabilitation.

Theme 1. Experiences of CMP Patients With VR

Participants found the VR program attractive to use and valued
the intuitive nature of the intervention. Furthermore, they
reported several positive effects of the VR intervention,
including feelings of self-efficacy, more knowledge about
(chronic) pain and focus shifting. Although, these effects were
not substantial and patients had to get used to using VR, as it
demanded both their time and effort.

https://xr.jmir.org/2025/1/e58784

And it provided me with insights about how chronic
pain works. [Participant 7]

My focus shifted away from the pain and went more
towards the game or killing those monsters, which
was a lot of fun. And then you notice that it does
something with the pain. [Participant 6]

And then you still Juse VR] while you are actually
already tired and in need of a bit of a rest. [Participant
4]

Theme 2: Feasibility of VR

Participants perceived the VR intervention as feasible. They
found it easy and comfortable to use at home, the instructions
were clear, and it was attainable to use daily.

And we received clear instructions beforehand, so
then it’sjust plug and play, you know. [Participant 4]
Yes, | think | actually liked using it at home first,
instead of somewhere else. [Participant 6]
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Theme 3: VR in CMP Rehabilitation

VR hel ped participants bridge the waiting time, but participants
valued it more as an addition to their treatment rather than a
substitution.

It's more of an addition, a good addition, a
meaningful addition. [Participant 6]

Some participants mentioned it might be valuable to provide
the VR intervention not only during the waiting list period but
also during the pain treatment they were on the waiting list for.
Furthermore, it isimportant to consider the individual process
and whether a patient is open to working on the topics addressed
in the VR intervention.

...that it would be even more effective during pain
treatment, it would be even stronger, because you are
already more involved in it and you can also ask for
feedback immediately, for example from one of your
therapists, if you have any questions. [Participant 7]
It[the VRintervention] raised someinternal conflict,
but | can really understand that it could be very
helpful for patients who are further in their process.
[Participant 4]
In the future, patients would recommend to receive VR not on
adaily basis, but maybe 2 or 3 times a week, in between the
days of the pain rehabilitation program.

Discussion

Principal Findings

The aim of this study was to gain insight into the influence of
VR on pain-related variables and evaluate the feasibility and
general experience of thisintervention. Analysesof the reported
measures showed no clinica and statistically significant
differences. Our results imply that the provided intervention
did not influence the outcome measures used in this study. This
was supported by the visual analyses, which showed that some
participants somewhat improved after theintervention on several
outcome measures, but worsened on different outcome measures.
However, results of the focus group showed that patients
qualitatively reported a positive perspective and experienced
theintervention as feasible.

Comparison to Previous Work

The results of this study are comparable to other studies that
provided the VR intervention, Reducept. A previous study that
examined the effect of Reducept for patients with CLBP who
were on awaiting list to receive pain treatment [9], showed no
significant between-group results on the primary and most other
outcome measures, except for opioid use, daily worst, and least
experienced pain intensity. It should be noted that the patient
sample in both their and our study were patients with severe
and complex symptoms. They were referred to secondary pain
care, with for example amedian pain duration of 5 yearsin our
sample. Previous studies showed that alonger duration of pain
complaints was associated with aworse prognosis [43,44] and
diminished responsivity to trestment [45]. As suggested before,
this specific stand-alone VR intervention might therefore be

https://xr.jmir.org/2025/1/e58784
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more suitable for CMP patients with less complex complaints
[17].

This study by de Vries et a [17] found somewhat more
promising results when they conducted a SCED study among
patients with CLBP where they received 9 to 12 45-minute
sessions of the VR intervention [17]. Results of their study
showed that Reducept might be ableto induce clinically relevant
reductionsin pain intensity and other pain-related outcomesin
some patients [17]. These patients were not on awaiting list to
receive other pain treatment and received the intervention
supervised in the hospital, which might have increased
effectiveness [46]. Other interventions that used a stand-alone
at-home VR intervention reported clinically meaningful results
[47-49], but patients were (1) not on a waiting list to receive
other pain treatment and (2) received a more extensive
intervention (both in duration and content). A waiting list period
is known to possibly deteriorate pain complaints [8]. A
meta-analysis among psychotherapies even showed that waiting
lists might be regarded as a nocebo condition since patients
might, for example, feel the need to remain their complaintsto
be able to start the pain treatment they are on the waiting list
for [50]. In addition, it might be possible that the waiting list
period is not the best time to provide VR. This was mentioned
in our focus group, and previous research showed that it isalso
possible to extend secondary care for CMP patients with VR
asan additional treatment option [51,52]. In regard to the content
of the VR module, it might be possibile to supplement thiswith,
for example, personalized exercise therapy as was done in
previous VR interventions for CMP [51,53,54]. Finally, the
dosage of the VR intervention might be a point of interest, as
the study by deVrieset al [17] found different resultsfrom this
study while using another dosage of the sameintervention. The
intervention duration in this trial was 4 weeks, while for
behavioral CMP interventions, a duration of 6 to 10 weeks is
advised [55], which implies that the intervention did not last
long enough. Future studies on VR for CMP should, therefore,
study the optimal timing, (personalized) content, and dosage of
VR interventions for the most fitting patients.

Results of our study showed adiscrepancy between the analyses
of quantitative outcome measures and qualitative measures.
Thisis congruent with the qualitative evaluation [22] of thetrial
that was discussed before [9]. They reported that the VR
intervention positively affected how patients health was
experienced, provided patients with more control over their
pain, and helped patients accept and understand pain. This is
supported by other studies in which patients did not report
significant differences in, for example, quality of life or pain
intensity measured using questionnaires but mentioned positive
benefits during an oral evaluation after their VR intervention
[17,56]. This discrepancy could partially be explained by
social-desirability bias, as patients might want to portray amore
positive impression of the intervention for the researcher who
isinterviewing them [57]. In addition, it might be possible that
nonoptimal quantitative outcome measures were used for this
VR intervention, and softer outcomeslike values (eg, autonomy)
or more proximate outcomes (eg, knowl edge about CMP) should
be examined as well, as was suggested previously [14].
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Strengths and Limitations

One of the strengths of this study wasthe use of a heterogeneous
sample of patientswith ranging ages (31-61 years), pain duration
(1-30 years), and type of pain complaints. In addition, arich
dataset with multiple subjective (ie, daily diary, validated
guestionnaires, and focus group) and objective (ie, wearable)
outcome measures was used, which was analyzed both visually
and statistically. In line with SCED study recommendations, at
least 5 data points per phase were collected [58].

Thisstudy had several limitations. First, the nature of the study
design is characterized by a smaller sample size, which came
with risks of selection-bias of specific patients and hindered
generalizability of study results. Second, treatment fidelity
varied between participants, and not al participants used the
VR intervention as much as prescribed, which could have
diminished the intervention effect. This problem was mentioned
in other VR interventions for CMP as well [48,53], whileit is
known that repetition is key in, for example, PNE [59].
However, it should be noted that treatment fidelity varies outside
a study design, and therefore, this study reflects a real-world
situation. Third, we conducted only 1 focus group with 3
participants who provided an insight into the intervention
feasibility. Given the limited sample size, these results should
be interpreted with caution. However, amore in-depth analysis
of qualitative data, possibly with one-on-oneinterviewsinstead
of focus groups, of participants’ experiencewith VR in alarger
study samplewould beinteresting, to learn more about possible
working mechanisms and administration best practices of VR
for CMP, which could further improve thisintervention.
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Future Directions

The results of this study suggest implications for clinical and
theoretical practice. It seems that this stand-alone VR
intervention for patients with CMP on a waiting list for
secondary care does not influence pain-related complaints.
However, in theright dose, setting, and timing it might be more
effective, as previous research, for example, suggested that VR
interventions for CMP might be more effective for younger
patients [60]. To further inform trial and intervention design,
other relevant pain-related outcomes (eg, catastrophizing) and
medication use could be investigated, as these were found
relevant in previous VR for CMP studies[9]. In addition, future
studies could explore prognostic patient characteristics to
identify patients who would respond better or worse to
therapeutic VR for CMP. To further study the effectiveness of
the (improved) intervention and complement the findings of
this study, arandomized controlled trial (RCT) iswarranted, in
which a control group that receives usual care should be
included. ThisRCT should both focus on the short-term results
and include an analysisof the compl ete pain treatment tragjectory.
Furthermore, subgroup analyses are needed to examine for
which patients VR is effective.

Theresults of thisstudy showed that this stand-aloneimmersive
VR intervention for patientswith CMP on awaiting list did not
seem to alter pain-related outcomes. Patients reported good
feasibility and general positive experience of the intervention
and these outcomes can inform further intervention and trial
design.
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PSEQ: Pain Self-Efficacy Questionnaire

RCI: Reliable Change Index

RCT: randomized controlled trial

SCED: single-case experimental design

SCRIBE: Single-Case Reporting Guideline in Behavioura Interventions
VR: virtual redlity
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Abstract

Background: Emergency physicians face significant stressin their daily work, adversely affecting patient care and contributing
to physician burnout.

Objective: This pilot study explored the feasibility, immediate effects, and acceptance of virtual reality (VR) relaxation on
perceived stress reduction among emergency physicians.

Methods: The study was conducted at the Department of Emergency Medicine, Bern, Switzerland, in February 2023. All junior
and senior physicians were dligible, excluding those with epilepsy, claustrophobia, or severe nausea. Voluntary participants
underwent a 6- to 8-minute VR meditation program at their workplace. Subjective short-term stress reduction was measured using
anumeric rating scale (NRS) ranging from O (“not at all stressed”) to 10 (“extremely stressed”). Feasibility, user acceptance, and
technical aspects were evaluated using validated and self-constructed questionnaires.

Results: In total, 35 emergency physicians (median [IQR] age, 32 [30-34] years, 60% female) completed 39 VR simulation
sessions. Baseline stress levels (median NRS 4, IQR 2 - 6.5) were significantly reduced post-intervention (median NRS 2, IQR
1 - 4; P<.001), particularly among participants with high baseline stress levels. Reported side effects (simulator sickness) were
minimal; the median score of presence and immersion according to the questionnaire developed by Slater-Usoh-Steed was 4
(IQR3 - 4) (scalel - 7, with 7=full immersion). User satisfaction was high. Implementation challenges mainly included technical
issues and time constraints due to high workload.

Conclusions: This pilot study suggests that brief, relaxing VR sessions may help reduce short-term perceived stress levelsin
emergency physicianswith minimal side effects and high user satisfaction. Future studies should addressimplementation challenges
to optimize integration with clinical workflows.

(IMIR XR Spatial Comput 2025;2:€72605) doi:10.2196/72605

KEYWORDS
virtual reality; relaxation; stress, emergency medicine; workplace; burnout

stressthat has not been successfully managed. It is characterized
by feelings of energy depletion or exhaustion; increased mental
distance from one's job, or feelings of negativism or cynicism

Introduction

Emergency medicine is an inherently high-stress medical

specialty due to the urgent and often severe nature of cases,
which demand rapid decision-making with potentialy
life-altering consequences. The additional burden of shift work
and disrupted circadian rhythmsfurther exacerbates stresslevels
among emergency physicians. These factors contribute to a
heightened risk of burnout [1-3], posttraumatic stress disorder
[4], substance abuse [5], and even suicide [6]. Burnout is a
syndrome conceptualized as resulting from chronic workplace

https://xr.jmir.org/2025/1/€72605

related to one’s job; and reduced professional efficacy. A recent
Swiss investigation confirmed emergency physicians as a
medical specialty at great risk for burnout. Over half of themore
than 600 respondents met at least 1 criterion for burnout and
reported symptoms of mild to severe depression. Alarmingly,
10% of respondents even reported having considered suicide at
some point [7]. The implications of burnout extend beyond
individual well-being, jeopardizing patient care quality and
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safety and contributing to physicians leaving the profession
[7,8]. Therefore, prioritizing personal stress management
strategies and advancing research into effective stressreduction
methods are essential to maintaining both the quality and
sustainability of emergency medicine. This aligns with the
World Health Organization's call for addressing health care
worker well-being to ensure theresilience of health care systems

9.

Various stress management interventions, such as yoga,
mindfulness training, deep breathing exercises, and
psychoeducational stress management workshops, have
demonstrated effectiveness and are increasingly being
implemented in workplace settings. However, the integration
of these interventions into fast-paced work environments, such
asemergency medicine, remainsasignificant challenge[10,11].

Virtual reality (VR) isacomputer-generated simulation allowing
the user to fully immerse himself in an interactive,
3-dimensional environment, typically through aspecialized VR
headset, or head-mounted device. By blocking out thereal world
and replacing it with adigital space, VR alowsusersto engage
with virtual objects and environments in rea time. This
immersion fosters a sense of presence, where users
psychologically perceive the virtual world as real, enhancing
emotional and cognitive engagement. In relaxation-focused VR
applications, this heightened presence allows users to fully
disconnect from external stressors, creating a safe space for
restorative mental states and stress relief [12].

In the medical field, VR has long been used as a virtua
therapeutic tool for managing acute and chronic pain and
reducing anxiety across various settings, including the
emergency department (ED) [13,14]. Additional applications
include treatment for mental health conditions such as cognitive
impairment, depression, phobias, and posttraumatic stress
[15-17]. Research indicates that VR is an effective therapeutic
tool for relaxation, modulating individual stress levels, and
potential impacts on the immune response [18]. It offers a
cost-effective and accessible option for therapeutic intervention
[10,19-21]. Unlike traditional mindfulness practices such as
meditation or yoga, VR requires little to no prior experience
before positive effects can be achieved [22]. Possible
explanations include the attention restoration theory, which
posits that exposure to natural environments can replenish
cognitive resources depleted by stress. VR can simulate calming
natural scenes, providing restorative experiences that reduce
mental fatigue and stress [23]. The biopsychosocial model
suggests that stress is influenced by biological, psychological,
and social factors. VR interventions can address these
components by offering immersive experiences that promote
relaxation, thereby positively affecting physiologica and
psychological states.

Potential barriers to the widespread adoption of VR include
initial implementation and ongoing maintenance costs, limited
accessibility related to hardware availability or user familiarity,
uncertainty regarding the duration of beneficial effects, and the
risk of adverse reactions such as visually induced motion
sickness. Emerging evidence on the use of VR for health care
workers suggests promising outcomes. A recent randomized

https://xr.jmir.org/2025/1/€72605
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controlled trial involving 32 health care workers demonstrated
that VR-based guided meditations are afeasible and accessible
mindfulness intervention, potentially even more effective than
non-immersive methods [24]. Similarly, brief, tranquil VR
experiences have been shown to significantly reduce subjective
stressamong frontline health care workers during the COVID-19
pandemic [25,26] and to enhance happiness and relaxation
among trauma care clinicians [27].

The evidence regarding the use and effectiveness of VR as a
stress reduction tool for emergency physiciansremainslimited.
Additionally, implementing VR within the unpredictable and
fast-paced environment of an ED presents significant challenges.
The feasibility of its application and the acceptance by the
emergency team are unclear. Therefore, we conducted a
within-subject, repeated measure interventional feasibility pilot
study to evaluate the feasibility of deployment of ashort relaxing
VR simulation in the busy setting of the ED asastress-reduction
tool for emergency physicians, theimmediate effect of VR use
on self-perceived stress, and the tacceptance of the VR
simulation in the study population (user satisfaction, simulator
sickness, and sense of presence and immersion).

Methods

Design and Setting

This prospective non-randomized pre-post interventional
feasibility pilot study was conducted at the ED of the University
Hospital of Bern, Switzerland. As one of the largest EDs in
Switzerland, it serves approximately 55,000 patients annually
and isstaffed by ateam of around 70 physicians[28]. The study
was carried out between February 1 and February 28, 2023,
during daytime hours, contingent on the availability of the study
investigators (SH and SS).

The study was conducted on aconvenient sample of emergency
physicians. Written informed consent was obtained from all
participants, including data anonymization and authorization
for use in study analysis and publication.

Ethical Considerations

Thelocal ethics committee (Kantonal e Ethikkommission Bern,
KEK; BASEC number Reg-2023 - 00018) classified this study
as a quality evaluation project, exempting it from the
requirements of the Swiss Human Research Act.

Inclusion and Exclusion Criteria

All junior and senior physicians working in the ED of the
University Hospital in Bern were eligible for participation.
Exclusion criteriaincluded facial or neck injuries, severe nausea
or vomiting, claustrophobia, epilepsy, or any other conditions
associated with hypersensitivity to light or motion.

Baseline Data

Baseline dataincluded sociodemographic factors (gender, age),
theuse of visual aids, and smoking habits. Information regarding
work routines was also collected, such as the participant’srole
inthe ED, years of professional experience, board certification,
workload percentage, frequency of night shifts per month,
average break duration, and typical break activities.
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Additionally, participants were asked about prior experience
with gaming, VR, and mindfulness exercises (“I regularly use
gaming, VR or mindfulness training’). The baseline
guestionnaire was completed before the initial use of the VR
intervention.

Intervention

Physicians were informed about the project in advance during
staff meetings, and throughout the study period, reminderswere
provided through announcements during briefings and
informational posters. Additionally, participantswere recruited
through direct contact by the study coordinators (SH and SS).
For half of the 28 days, the study was conducted from 7 AM to
3 PM, and for the other 14 days, from 3 PM to 11 PM,
corresponding to the 2 largest daily shifts. During their time at
the University Hospital of Bern, the study coordinators were
easily reachable via a pager system, allowing physicians to
choose an appropriate time for the intervention at their
discretion.

The study investigators (SH and SS) informed the participant
about the study aims, handed out theinformation form, ensured
the absence of contraindications, responded to the participant’s
questions, and collected their free, informed, and expressed
consent.

Theintervention consisted of the application of a6- to 8-minute
VR relaxation program caled “Daily Focus” including
breathing exercises and a short focus exercise in an imaginary
environment. The immersive experience consists of a
contemplative, relaxing, futuristic imaginary landscape
accompanied by a sound universe specifically composed to
relax the user. The scenery and theme changed daily. The
content also had interactive capabilities aswell, so that the user
could take action to affect the VR environment. The user could
choose to interact with the environment by fixating one's gaze
on aninteractive object in theworldscape. “ Daily Focus” ispart
of the commercially available software “ TRIPP" devel oped by
TRIPP Inc. (TRIPP Inc.). The company was not involved in
any aspects of the study. A commercially available stand-alone
head-mounted display (Meta Quest 2; Meta) was used. When
it became apparent that background noise at the University
Hospital of Bern'sworkplacesimpaired the sense of immersion
for some participants, noise-cancelling headphones (JBL Live
650BTNC; JBL) were introduced to reduce ambient sounds.
Asthe physicians' experience with VR head-mounted displays
was limited, the users were supported by the study team in the
technical application when needed (SH and SS). In case of a
medical emergency requiring the immediate presence of the
physician, the VR simulation was interrupted. The briefing,
completion of the consent form and questionnaires, and the
intervention itself took approximately 15 minutesin total. The
duration of the evaluation and intervention was intentionally
kept as short as possible to minimize barriers to participation.

Outcomes
Feasibility
Feasibility was assessed using technical details of the simulation

(location of thesimulation, ie, directy at the workplace vs quieter
location, interruptions of the simulation and reasons for
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interruptions, and timing of the intervention), as well as with
free text comments of the users and feedback collected from
the study team (SH and SS).

I mmediate Effect of VR Use on Perceived Stress

Perceived stress reduction was measured as the difference
between the self-reported stress level directly before and after
the intervention on anumeric rating scale (NRS-11) scale from
0 to 10 (0="not at all stressed” to 10="extremely stressed”).
This simple measure was selected due to its strong correlation
with thewell-validated Perceived Stress Scale 14 (PSS-14) [29].
Furthermore, athreshold value of 6.8 on the self-reported scale
has been shown to effectively predict high stress levels,
corresponding to a PSS-14 cutoff score of =7.2, and was
therefore chosen to identify individual s experiencing high stress,
similar to Beverly et al [25,29].

User Acceptance

User acceptance was evaluated using
guestionnaires:

the following

Visually induced motion sickness was assessed according to
the Simulator Sickness Questionnaire (SSQ) from Kennedy et
al [30].

Presence and immersion in the virtual world were determined
according to the 6-item questionnaire developed by
Slater-Usoh-Steed (total score ranges from 1=no immersion to
7=full immersion) [31].

User satisfaction was assessed using a self-constructed 8-item
guestionnaire (1: | enjoyed the simulation experience; 2: The
headset and headphones felt comfortable; 3: The audio quality
was clear and enjoyable; 4: The image quality was visualy
pleasing; 5: The simulation hel ped to reduce my stresslevel; 6:
| would use this simulation again for relaxation; 7: | would
recommend this simulation to others; 8: The simulation can be
conveniently performed directly at the workplace). Responses
were collected on a 5-point Likert scale (1="totally disagree”
to 5="totally agree”) immediately following the intervention.

Furthermore, a self-constructed 6-item user acceptance
guestionnaire was sent out 2 weeks after the final intervention
via email to al physicians working in the department, with a
particular focus on understanding the limiting factors that
prevented users from taking abreak with VR (1: | couldn’t find
time during my shift because the workload was too high; 2: |
felt it wasn't worth investing the time because | preferred to
finish my documentation as early as possible to end my shift
on time; 3 | didn't enjoy the simulation (virtual
environment/voice guidance), but | could imagineusing it more
often with adifferent program; 4: | experienced side effectsthat
overshadowed the positive aspects of the VR breaks; 5: | prefer
to spend my breaks differently; 6: | didn’t think about it/forgot
that the option was available. Responses were collected on a
5-point Likert scale (1="totally disagree” to 5="totally agree”).

Statistical Analysis

Statistical analysiswas carried out using Python (version 3.9.12)
and the following packages. NumPy, SciPy (matplotlib,
seaborn). Basdline characteristics are presented as numbersand
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percentage or median and interquartile range (IQR) using
descriptive statistics as appropriate. Pre- and post-simulation
comparisons (stress level) were performed with the Wilcoxon
signed-rank test.

We performed subgroup analyses, including participants with
high stress levels defined as NRS-11 >6.8 (similar to Beverly
et al [25]) with the Wilcoxon rank sum test.

Comparisons between independent groups (eg, malevsfemale,
status of active patient care involvement, prior experience with
mindfulness training, gaming experience) were carried out by
Wilcoxon rank sum or Kruskal-Wallis test depending on the
variable.

A P<.05 was considered significant.

Effect sizes with 95% ClI for stress levels before and after the
simulation were determined by Cohen d. Effect size was

Table. Baseline characteristicsincluding break routine (N=35).

Birrenbach et d

determined asfollows; Cohend <0.5 small, 0.5 - 0.8 moderate,
and >0.8 large.

Results

Baseline Characteristics

Out of 67 physicians (61% female), 35 working in the ED
completed the study (response rate 52.2%). The average age of
the participantswas 32 (IQR, 30 - 34) years, with 60% (n=21)
being female. Further demographic characteristics as well as
break behavior are reported in Table 1.

Participants were asked to rate their experience with gaming,
VR, and mindfulness training (“I regularly use gaming, VR or
mindfulnesstraining”) on ascale from 1 (“Strongly disagree”)
to 5 (“Strongly agree”). For gaming, the median score was 1
(IQR 1 - 2), no participants had prior experience with VR, and
for mindfulness training, the median scorewas2 (IQR 1 - 3).

Item Value
Gender, n (%)

Male 14 (40)

Female 21 (60)
Agein years, median (IQR) 32(30-34)
Use of visua aids, n (%) 16 (45.7)
Smoker, n (%) 0(0)
Professional role, n (%)

Resident physician 27(77.1)

Fellow physician 2(.7)

Senior physician 6(17.1)
Board certification, n (%) 12 (34.3)
Work experience, years, median (IQR) 5(4-7)
Employment level, %, median (IQR) 80 (80-100)
Frequency of night shifts per month, median 4(3-5)
(IQR)
Break routine, n (%)

No breaks 6(17.1)

Break at theworkplacewith constant availabil- 29 (82.9)
ity

Break at the workplace without constant 0(0)
availability

Average break time in minutes, median (IQR) 15 (10-20)

Feasibility and Technical Details of the I nterventions

Out of 35 participants, 4 (11.4%) individuals completed the
intervention twice, resulting in atotal of 39 interventions. The
majority of interventions (n=23, 59%) occurred directly at the
workplace, while 41% (n=16) took place in designated rooms
away from the workplace. Out of 39 interventions, 6 (15.4%)
experienced interruptions. The majority of these (66.7%, n=4;
10.3% of al interventions) were due to technical issues, while

https://xr.jmir.org/2025/1/€72605

theremaining 2 (33.3%, 5.1% of al interventions) were caused
by urgent medical duties requiring participant attention.

Interms of shift schedules, 61.5% (n=24) of interventionswere
conducted during the morning shift (7—3 PM), 35.9% (n=14)
during the afternoon shift (3 PM-11 PM), and 2.6% (n=1) at
the end of anight shift (7 AM). During most of the interventions
(n=27, 69.2%), participants remained actively engaged in patient
care, whereas about one-third (n=12, 30.8%) were conducted
after shift hand-over, with the participants no longer directly
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responsible for patient care but remaining engaged in
administrative tasks.

The freetext comments were predominantly positive,
highlighting the usefulness and effectiveness of theintervention.
However, some criticisms were noted regarding the comfort of
the headset and aspects of the simulation itself. Suggestions
included a more photorealistic scenario and reduced voice
guidance during the simulation. Feedback indicating that
ambient emergency noises disrupted immersion was addressed
by introducing the use of headphones and conducting sessions

Birrenbach et d

in quiet, isolated rooms whenever possible. Additionaly,
participants frequently mentioned that during active patient
care, they were often unableto fully engage with the simulation
or felt unable to allocate sufficient time for the intervention.

Immediate Effect of VR Use on Perceived Stress
Reduction

The baseline median stresslevel was4/10 (IQR 2 - 6.5), which
wasreduced to 2/10 (IQR 1 - 4) after theintervention (P<.001)
(Figure 1). The effect sizewas cal culated as Cohen d=1.28 (95%
Cl 0.84 - 1.72), representing a large effect.

Figure 1. Immediate effect of virtual reality use on perceived stress reduction. Comparison of stress levels before and after the intervention. NRS:

numeric rating scale.

Stresslevel NRS-11

before the intervention

after the intervention

Time of measurement

In total, 10 participants reported high baseline stress levels
(=6.8). In this group, the intervention was even more effective,
reducing the stress level from 7/10 to 4.5/10 (P<.001) (Figure
2). Only one individual reported a high stress level after the
intervention. In this case, the simulation was terminated after
2 minutes due to an audio malfunction.

https://xr.jmir.org/2025/1/€72605
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No significant differences in stress reduction concerning the
variables gender (P=.767), prior experience with mindfulness
training (P=.376), gaming experience (P=.489), or involvement
in active patient care (P=.912) were found.
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Figure 2. Immediate effect of virtual reality use on perceived stress reduction according to stress level. Comparison of stress levels of subgroups with
low and high stress before and after the intervention. Outliers (values 21.5xIQR) are indicated as diamonds. NRS: numeric rating scale.

8 * Subgroup
1 low (< 6.8)
[ high (= 6.8)

7 —

Stresslevel NRS-11

before the intervention after the intervention
Time of measurement

Presence and | mmersion

) ) ) The median score of presence and immersion according to the
Visually Induced Motion Sickness questionnaire devel oped by Slater-Usoh-Steed was 4 (IQR 3 - 4)
The median of the total score according to the SSQ from  (with 7=full immersion).

Kennedy was 80 (IQR 0 - 161) (range O - 813). User Satisfaction

Results of the user satisfaction survey are detailed in Figure 3.

User Acceptance of the VR Simulation
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Figure 3. User satisfaction survey. Results of the user satisfaction survey. Answers on a 5-point Likert scale from 1="totally disagree’ to 5="totally
agree” directly after the intervention. Outliers (values = 1.5xIQR) are indicated as diamonds.

| enjoyed the simulation experience

The headset and headphones felt comfortable
The audio quality was clear and enjoyable

The image quality was visually pleasing

The simulation helped to reduce my stress level
| would use this simulation again for relaxation

| would recommend this simulation to others

The simulation can be conveniently performed directly at the workplace

Acceptance Survey

In total, 16 physicians completed the 6-item retrospective
acceptance survey sent out 2 weeks after theintervention period
(response rate 24%). Answers are depicted in Figure 4.

. . | 1
| —
. . | {1

: | —
| | I |

3
Likert Scale

Figure4. Retrospective acceptance survey. Results of the retrospective acceptance survey. Answerson a5-point Likert scale from 1="totally disagree”

to 5="totally agree.” Outliers (values>1.5xIQR) are indicated as diamonds.
| couldn’t find time during my shift because the workload was too high

| felt it wasn’t worth investing the time because | preferred to finish my
documentation as early as possible to end my shift on time

| didn’t enjoy the simulation (virtual environment/voice guidance), but |
could imagine using it more often with a different program

| experienced side effects that overshadowed the positive aspects
of the VR breaks

| prefer to spend my breaks differently

I didn’t think about it/forgot that the option was available

Discussion

Overview

This pilot study evaluated the feasibility, immediate effect of
VR use on perceived stress reduction, and acceptance of VR
simulation asashort break intervention within the high-pressure
environment of an ED.

We observed asignificant reduction in self-reported stresslevels,
decreasing from 4/10 to 2/10, with a large effect size.
Importantly, 26% of participants reported high stress levels
prior to the intervention, in which the stress-reducing effect of
VR was particularly pronounced. No significant differencesin
stress reduction were observed across demographic or
experiential variables, including gender, prior mindfulness
training, gaming experience, or engagement in active patient
care during the intervention.

https://xr.jmir.org/2025/1/€72605
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Acceptance was high with minimal side effects. Despite its
effectiveness, challenges were noted in implementing VR
breaks, primarily due to the substantial time constraints faced
by health care professionals. Theselogistical barriersmay limit
the practical application of this intervention in routine clinical
practice.

Feasibility

The simulation was carried out with minimal technical issues
or interruptions. Notably, a significant number of individuals
voluntarily participated in the study, and the overall feedback
was highly positive, indicating strong interest and acceptance
of the concept.

One limitation observed was the execution of the simulation
directly in the busy ED environment at the participants
desktops, which occasionally resulted in distracting background
noisethat could impact participants focus. To addressthisissue,
noise-canceling headphoneswereintroduced, and approximately
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40% of the simulations were conducted in quieter settings in
the ED.

Stress Reduction

This study demonstrated a significant reduction in subjective
stresslevels, with an average decrease of 2 pointsonthe NRS-11
scale following a 6- to 8-minute VR simulation. These findings
align with previous studies investigating VR-based stress
reduction in high-stress medical environments, particularly
during the COVID-19 pandemic.

For example, Beverly et a [25] conducted a similar study
involving frontline heath care workers. They observed
comparable reductionsin stress (mean change —2.2 on avisual
analogue scale from 1 to 10, effect size Cohen d = 1.08) and
high levels of acceptance after a 3-minute 360-degree cine-VR
simulation featuring anature scene. Similarly, Putrino et al [32]
reported on the effectiveness of “Recharge Rooms,” immersive
multisensory environments designed to alleviate stress among
frontline health care workers during the pandemic. Theserooms
incorporated visual projections of natural landscapes, calming
sounds, and soothing scents. In a study involving 496
participants, average self-reported stress scores decreased
significantly from 4.58 to 1.85 on a 6-point scale after asingle
15-minute session, with high user satisfaction reported. Further
supporting these findings, Nijland et al [26] evaluated the use
of 10-minute VR relaxation breaks in 360° immersive
environments for 86 ICU nurses during their shifts. This
intervention demonstrated similar reductions in stress levels
(mean change—1.4 on avisual analogue scale from 1to 10) and
high user acceptance. However, akey barrier identified across
studies, consistent with our findings, was the high workload of
health care professionals, which limited the feasibility of
integrating VR-based interventionsinto routine clinical practice.

While no studies specifically targeted the ED setting, Adhyaru
and Kemp [27] reported on the use of VR relaxation
interventions among 39 predominately female physicians
working in a fast-paced trauma service. The study highlighted
the positive impact of 10-minute VR relaxation sessions using
the Nature Treks application, demonstrating the potential for
VR-based interventions in similar high-stress environments.
Participants engaged in these sessions within a designated
well-being room during their workday, immersing themselves
in natural environments. Post-intervention, participants reported
significant increases in feelings of happiness and relaxation,
accompanied by notable decreases in sadness, anger, and
anxiety. Objective measures al so showed asignificant reduction
in heart rate, indicating decreased physiological arousal.

Although the short-term effects of various VR applications
appear comparable, meaningful comparisons remain challenging
dueto differencesin study settings, target populations, specific
content and design of VR software, as well as external factors
such as the surrounding environment and circumstances (eg,
pandemic conditions). These variations significantly limit the
generalizability and interpretability of findings across different
VR studies.

Speculatively, VR's effectiveness might be attributed to
attention restoration theory, proposing that immersiverestorative
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environments help replenish cognitive resources depleted by
stress[23]. Additionally, the biopsychosocial model posits that
immersive VR experiences can modulate neurophysiological
responses, such as decreasing sympathetic nervous system
activation and reducing cortisol levels, thereby alleviating stress
[18,21].

Nevertheless, the optimal design of VR-based stress
interventions remains unclear. Current literature varies widely
regarding realism (naturalistic vs abstract scenarios), activity
levels (passive viewing vs interactive tasks), and intervention
types (guided meditation vs free exploration). These variations
underline the necessity for further research using rigorous
experimenta designswith both cognitive and neurophysiological
methodol ogies. Future studies should systematically investigate
these variables to identify the most effective VR intervention
formats and better elucidate the underlying mechanismsdriving
VR-induced stress reduction.

As this was a pilot study, only short-term (pre-post) effects
regarding stress reduction were evaluated. However, findings
from several studies provide initial data supporting the
effectiveness of long-term VR-based programs for reducing
stress, anxiety, and burnout among different health care
professionals[24,33-36]. A recent study inthe ED explored the
effectiveness of a 4-week VR-based mindfulness intervention
using brief guided breathing exercises. Participants using VR
demonstrated greater improvements in relaxation, as measured
by heart rate variability (HRV), compared to a mobile app.
Regular VR use led to increased relaxation effectiveness over
time, suggesting VR's suitability for long-term mindfulness
programs [24]. Severa aspects require further study, such as
examining patterns in VR mindfulness effectiveness across
varying workload conditions and shifts. Additionally, stressand
relaxation trends could be assessed by demographic or
professional differences like job role or experience. It would
also be valuableto explorethe cumulativeimpact of VR sessions
on chronic stress and burnout over time, analyze the timing of
sessions related to well-being outcomes, and investigate how
individual personality traitsor baseline stressresilienceinfluence
responsesto VR interventions.

User Acceptance

With regard to side effects, theintervention proved to belargely
free of adverse effects. This aligns with findings from other
studies that have used VR as arelaxation tool [14,36,37].

The results indicated only moderate levels of immersion,
consistent with findings from another study investigating the
use of VR for pain reduction in our ED setting [14]. For both
studies, we attribute this moderate immersion to environmental
factors such as background noise, interruptions, and the
generaly high-stress atmosphere. These factorslikely relate to
the aforementioned limitations in implementing VR
interventions within the workplace.

Overall, user satisfaction among participants was very high.
Comfort, as well as the audio and visual quality, received
considerable praise, particularly after the introduction of
noise-canceling headphones. Participants also reported high
subjective effectiveness for relaxation, with strong agreement
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on statements such as, “1 would use this simulation again for
relaxation” and “1 would recommend this simulation to others.”

However, the statement “ The simul ation can be easily conducted
in the workplace’ received less agreement. This raises the
question of whether and how the intervention could be better
integrated into the ED workplace setting. As revealed by the
retrospective questionnaire, many participants did not engage
in the intervention due to work-related time pressures. This
highlights a broader issue also reflected in the baseline survey
results. On average, physiciansreported taking only 15 minutes
for breaks during their shifts.

The strong agreement with the statement “I couldn’t find time
during my shift because the workload was too high” further
underscoresastructural challenge related to workload and break
culture within the workplace. Spontaneous comments from
participants and the low-medium baseline stress level s suggest
that participants only took time for the intervention after the
peak of their stress had passed. Given that the highest levels of
work-related stress for emergency physicians typically occur
during the care of criticaly ill patients, this timing is likely
unavoidable—and perhaps even desirable. As highlighted in a
recent phenomenographic study on well-being interventionsin
the ED, the demands of the job simultaneously necessitate and
limit the implementation of effective interventions to support
staff well-being in this challenging environment [38]. Possible
solutions for further interventions include protected break and
VR break times or scheduling VR breaks during lower workload
periods.

Some participants criticized the fantasy-style design of the
simulation, expressing a preference for a more naturalistic
environment. However, the software used has been successfully
applied in several other settings [21,34,37]. Meanwhile, many
studiesinvestigating VR for stress reduction have used realistic
nature-based simulations, such as a forest. Such an approach
may further enhance relaxation, as numerous studies have
demonstrated that exposure to forests and nature in general
promotes relaxation [10,18,20].

Whilewe demonstrated technical feasibility and user acceptance
of short VR interventions, factors such as device affordability,
software licensing costs, and the scalability of deploying VR
systems across various clinical settings must be carefully
considered.

Limitations

This study has several limitations that should be considered
when interpreting the results. First, and mainly, the absence of
acontrol group makesit impossible to definitively attribute the
observed stressreduction to the VR intervention itself. Without
acomparator, we cannot rule out alternative explanations, such
as placebo effects, spontaneous recovery, or other external
factors. However, given the feasibility nature of this pilot study
and the promising results observed, these findings provide a
solid foundation for future controlled trials. These should
incorporate amore rigorous design, eg, arandomized controlled
trial with a control group or an active control condition (eg, a
non-V R relaxation technique, like guided breathing exercises).
Second, no other structured assessments for burnout or
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depressive symptoms were conducted. These psychological
dimensionsare closely linked to stress and coul d have provided
additional insights into the broader mental health effects of the
intervention. Additionally, no physiological stress markers (eg,
cortisol levels, HRV, and electrodermal skin activity) or other
objective parameters were collected. Sole reliance on
self-reported stresslevel sintroduces potential biases (eg, social
desirability), which may have affected the accuracy of the
findings. However, as we wanted to keep the intervention as
short as possible, we abstained from using an extensive test
battery or setup. Future studies should include a multimodal
stress assessment, potentially integrating real-time biometric
data using wearable technology or mixed-reality applications.
The single-center design and small sample size may also limit
the generalizability of the results, asfactors specific to the study
setting could have influenced outcomes. Selection bias may
also haveinfluenced the results, as participants might have been
particularly motivated, tech-savvy, or predisposed to respond
positively to VR-based interventions. This self-selection could
limit the generalizability of the findingsto abroader population.
The potential for a novelty effect must also be acknowledged.
Participants' stress reduction could partially stem from the
excitement or novelty of using VR technology rather than the
intervention’s intrinsic therapeutic effects. Furthermore, this
study did not assess long-term effects. The sustainability of
stress reduction over time remains unclear, and follow-up
assessments would be necessary to determine whether the
observed benefits persist beyond the immediate post-intervention
period.

Ultimately, while the results are encouraging, future research
should focus on arandomized controlled design, incorporate a
multimodal assessment of stress, depression, or burnout,
including objective biological stress markers, assess long-term
effects, and involve larger, more diverse populations to
strengthen the evidence base for VR interventions in stress
management in the health care setting. Furthermore, it is
essential to identify the specific aspects of the experience that
elicit the most significant responses. For example, archival data
before and after the Covid-19 pandemic show that passive
content with lessinteractivity resulted in agreater positive mood
state after the COVID-19 onset, likely related to its capacity to
reduce stress, facilitate restoration, and improve persistent
affective states in stressful environments [39].

Conclusions

In summary, this pilot study adds to the growing evidence
supporting the use of VR for workplace well-being by
demonstrating the feasibility and short-term effectiveness of
immersive VR simulations for stress reduction among
emergency physicians. A brief VR-based relaxation break
conducted directly in the ED workplace significantly decreased
subjective stress|evels, with high user satisfaction and minimal
side effectsreported. However, implementation challengeswere
evident, primarily due to the significant time constraints faced
by health care professionals in this high-pressure environment.
Thesefindings highlight the potential of VR asatool to enhance
workplace well-being while underscoring the need for strategies
to overcome logistical barriers and better integrate such
interventionsinto routine clinical practice. Future studies should
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focus on long-term effects, objective stress measures, and  optimize this approach.
scalable implementation strategies to further validate and
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Abstract

Background: Effective crisismanagement in operating rooms (ORs) iscrucial for patient safety. Despite their benefits, adherence
to OR crisis checklistsis often limited, highlighting the need for innovative solutions.

Objective: The objective of this study wasto evaluate the efficacy of augmented reality (AR)-enhanced checklistsin improving
protocol adherence, compared to traditional paper checklists and no checklist scenarios during simulated OR crises.

Methods: This study was a randomized comparative efficacy study comparing the utility of AR checklists, paper checklists,
and no checklist scenarios using 4 validated and simulated OR crises scenarios. asystolic cardiac arrest, air embolism, unexplained
hypotension/hypoxia, and malignant hyperthermia. The study took place in a simulated OR setting and had applicability to the
standard proceduresin ORs, critical care units, and urgent care scenariosin the emergency department. To form the 24 OR teams,
50 professionals including 24 anesthesiologists, 24 nurses, 1 surgeon, and 1 scrub nurse from two academic hospitals were
included. The primary outcome measured was the failure to adhere (FTA) rate for critical actions during simulated OR crises.
Adherence was determined using retrospective video analysis involving 595 key processes evaluated across 24 surgical teams.
Interrater reliability was assessed using a Cohen K. Secondary outcomes included checklist usability and cognitive load, as
measured by the low-frequency to high-frequency (LF/HF) ratio of the heart rate variability.

Results: The AR checklist group showed a significantly lower FTA rate (mean 15.1%, SD 5.77%) compared to the paper
checklist (mean 8.32%, SD 5.65%; t,3=—2.08; P=.048) and the no checklist groups (mean 29.81%, SD 5.59%; t,;=—6.47; P<.001).
The AR checklist also resulted in a higher LF/HF ratio for anesthesiologists (F, 44=4.88; P=.02), showing a potential increasein
the level of cognitive load. Survey data indicated positive receptions for both AR and paper checklists.

Conclusions: These results suggest that AR checklists could offer a viable method for enhancing adherence to critical care

protocols. Although, further research is needed to fully assess their impact on clinical outcomes and to address any associated
increase in cognitive load.

(IMIR XR Spatial Comput 2025;2:e60792) doi:10.2196/60792

KEYWORDS

augmented reality; operating room; crisis checklist; checklist; guideline adherence; quality improvement; patient safety; cardiac
arrest; hypotension; hyperthermia; critical care; emergency department

[1-3]. Although these high-stakes, low-frequency crises may
occur infrequently for any single practitioner, their cumulative
incidence across hospitals underscores a significant challenge

Introduction

Unexpected crises in the operating room (OR), such as cardiac

arrests or severe hemorrhages, create acritical situationinwhich
surgical teams should deliver rapid and coordinated care with
atime-sengitive order of actionslisted in the OR crisischecklists

https://xr.jmir.org/2025/1/e60792

to patient safety and surgical outcomes [4-7]. The OR teams’
ability to effectively manage these life-threatening complications
dependson their preparednessin managing crises[8,9], training
[10], and adherence to the validated crisis checklists [11].
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Presurgical checklists are used before surgery to ensure correct
patient identification and procedure planning. In contrast, crisis
management checklists guide surgical teams during emergencies,
helping them respond quickly to life-threatening situations.
While both checklists improve safety, this study focuses
specifically on crisis management checklists, which aim to
support decision-making during critical eventsin the OR.

The lack of adherence to the checklists negatively impacts
surgical mortality rates and overall hospital performance [12].
Evidence suggests that adherence to established best practices
during these critical moments is varied and often associated
with adecay in the retention of essential skills and knowledge
over time[13-16]. In many instances, the use of surgical safety
checklists was associated with a reduction in morbidity and
mortality, and they were integrated as a new standard of care
[17,18]. The dynamic and high-pressure nature of surgical
emergencies requires not only adherence to protocols but also
the ability to quickly access and use complex information under
cognitively demanding conditions [19-21]. However, even
though adherence to these checklists is crucial, the traditional
paper ones are often difficult to use effectively in such intense
scenarios [22-24]. The low adoption of checklists underscores
the need for innovative approaches to using checklists that fit
with surgical workflows, enhancing protocol adherence without
disrupting the clinical focus.

Augmented reality (AR) technology, by relaying important
procedura information directly into the clinicians vision
[25-28], can enhance protocol adherence in medical settings
[29-33]. Initial applications of AR in medication management
and emergency trauma care have shown promise in reducing
errors and guiding clinicians through complex procedures with
enhanced clarity and efficiency [34-38]. Thisevidence positions
AR as a potential technology for improving adherence to

https://xr.jmir.org/2025/1/e60792
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medical protocols [39-41]. However, the effectiveness of and
adherenceto AR-enhanced surgical checklistsduring OR crises
has not been thoroughly studied.

This study aims to evaluate the efficacy of AR-enhanced
checklists in improving protocol adherence by surgical teams
during smulated OR crises. By comparing outcomes with the
traditional paper checklists and scenarios without a checklist,
theresearch seeksto provide evidence on AR’s utility to reduce
the failure to adhere (FTA) rate for crucia procedura steps
when managing surgical crises, ultimately improving patient
outcomes in the OR. We hypothesize that the AR-enhanced
checklists will significantly reduce the FTA rate for crucial
procedura steps compared to traditional paper checklists and
no checklist scenarios.

Methods

Study Design

This prospective within-subject study aimed to compare the
impact of AR checklists, traditional paper checklists, and no
checklist conditions on managing OR crises (Figure 1). A
detailed outline of team participation and the methodological
framework is included in Multimedia Appendix 1. The
development and rationale behind the crisis checklists, guided
by surgical safety standards, have been detailed in a previous
publication [14]. Teams, including anesthesia staff, OR nurses,
and amock surgeon, faced simulated intraoperative crises with
randomized scenario assignments and checklist types. Before
the main investigation, a pilot study tested the scenario fidelity
and the AR checklist's practicality. Paper checklists were
provided in booklet form and placed near the anesthesiamachine
and the circulating nurse's station, mirroring their accessibility
in actual ORs. A summary and the checklists are available in
sections 1 - 3 of Multimedia Appendix 1.

JMIR XR Spatial Comput 2025 | vol. 2 | e60792 | p.88
(page number not for citation purposes)


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

JMIR XR AND SPATIAL COMPUTING (JIMXR)

Ebnali Harari et d

Figure 1. Study overview diagram. (a) Checklists presented in an augmented reality interface using Microsoft HoloLens 2. (b) Study design scenarios

including an augmented reality checklist, paper checklist, and no checklist.

b

1
)
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Setups: The OR Checklists

We used OR crisis checklists for 4 critical scenarios. (1)
asystolic cardiac arrest, (2) air embolism, (3) unexplained
hypotension/hypoxia, and (4) malignant hyperthermia. These
scenarios were derived from a comprehensive checklist
development and testing process explained by Ziewacz et al
[42] and were chosen for their clinical importance and feasibility
for implementation in AR. Additionaly, we followed the
standardized approach used by Arriaga et a [14], which
evaluated the efficacy of these checklistsinimproving adherence
to lifesaving protocol sthrough high-fidelity medical smulations.
More details on the checklists and key processes evaluated to
measure adherence to protocols can be found in section 3 of
Multimedia Appendix 1.

https://xr.jmir.org/2025/1/e60792
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Participants

Participants were recruited from 2 academic hospital s between
October 2021, and September 2023. Each team comprised the
anesthesia staff (including attending physicians and residents),
OR nurses, one mock surgeon, and one scrub nurse, totaling 24
attending physicians and residents, 24 OR nurses, and one mock
surgeon across 24 teams. Team formations were randomized.
Each team dedicated an average of 3.5 hours within a single
day to participatein a high-fidelity simulated OR environment.
Inthesimulated OR, they encountered aseries of crisis scenarios
designed to test their adherence to critical and evidence-based
practices. Recruitment of staff memberswasfacilitated through
sign-up sheets and random selection from those scheduled to
work on designated study dates. Hospital departments arranged
for staff to attend the simulation sessionsinstead of their regular
workday. Hospital or department rules required that all
anesthesia staff taking part had to have up-to-date certification
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in advanced cardiac life support. Each participant only took part
in one study session.

Ethical Consider ations

Ethical approval for this study was obtained from the Ministry
of Health, Kuwait (IRBI: SKU-219328). Informed consent was
obtained from all participants prior to their involvement in the
study. Participants were informed about the study's objectives,
procedures, and their rights, including the ability to withdraw
at any point without any repercussions. All data collected during
the study were deidentified and stored securely to ensure
participant confidentiality. Data were anonymized during
analysis to protect privacy, and access was restricted to
authorized personnel only. No monetary or nonmonetary
compensation was provided to participantsfor their involvement
in this study. ldentifiable features of participants were not
captured in any images or supplementary materials.

Primary Outcome: FTA rate

The primary outcome was the FTA rate for 47 key lifesaving
processes outlined in Multimedia Appendix 1. Adherence was
evaluated and scored as either yes or no by 2 physician reviewers
from our team (AA and RG) who observed and scored recorded
simulation sessions. These sessions were recorded as
synchronized videos on 2 screens for a comprehensive review.
To ensure the accuracy of adherence scoring, interrater reliability
was assessed. Any disagreements or uncertainties in scoring
were reviewed by third reviewers (CP, HS) and were resolved.
The primary variables included the checklist group and the
medical crisis scenario. The primary aspect of the study was
the measured FTA rates.

Secondary Outcomes

Cognitive Load

We used a Polar chest strap to collect interbeat interval data
from participants during scenarios with an accuracy of 1
millisecond. Previous studies have shown that alow-frequency
to high-frequency (LF/HF) ratio extracted from heart rate
variability is a validated proxy for cognitive load [43-45],
particularly when collected using chest wraps [46]. We used
NeuroKit2, atoolbox for neurophysiological signal processing
[47], to extract the LF/HF ratio from data aggregated into a
1-minute time window.

Table. Participant’srole and their years of experience.

Ebnali Harari et al

Participant Satisfaction and Usability

To evaluate the ease of use and the perceived effectiveness of
the AR and paper checklists, we administered a structured
survey adopted from Arriaga et a [14]. The survey assessed
participants’ preparedness, ease of use, readability, willingness
to use the checklist in real scenarios, and perceived impact on
theclinical flow during emergencies. Responses were captured
on a Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree), providing insights into participants’ attitudes
and perceptions across various aspects of checklist usage.

Statistical Analysis

Participant characteristics were presented by descriptive
statistical analysis, which reported the number and percentage
of participants across different roles and years of experience.
To assess the consistency in observational scoring, the
agreement between two reviewers on the adherence scores was
quantified using a Cohen K. The Shapiro-Wilk test was used to
evaluate the normality of the data distribution. ANOVA was
used to compare the efficacy of interventions across 3 groups
and post hoc analyses were conducted to examine the checklist’s
efficacy across various scenarios. Participant satisfaction and
usability were analyzed using descriptive statistics and reporting
means and SD. The statistical analyses were performed using
SAS with al P values being 2-sided and a threshold for
statistical significance set at P<.05.

Results

Participants

A total of 50 participants, forming 24 teams, took part in this
study, which included anesthesiologists (n=14), anesthesia
residents (n=10), OR nurses (n=24), a surgical resident (n=1),
and a scrub nurse (n=1). All anesthesia residents were in the
early stages of their careerswith O - 2 years of experience, and
OR nurses included a more diverse range of experience,
spanning from O - 8 years. Each team contained 1 mock surgeon
and 1 surgical assistant (scrub nurse), who attended as stand-in
participants to the operative field without participating in
decision-making or survey completion; these stand-in staff
members were not counted as participants. Participants’ years
of experience are summarized in Table 1.

Role Years of experiencein specialty, n (%)
0-2 2-8 >8 Unknown

Anesthesiol ogist

Attending physician (n=14) 0(0) 7 (50) 7 (50) 0(0)

Anesthesia resident (n=10) 10 (100) 0(0) 0(0) 0(0)
Operating room nurse (n=24) 6 (25) 12 (50) 3(12.5) 3(12.5)
Surgical resident (n=1) (1) 200 0(0) 0(0) 0(0)
Scrub nurse (n=1) 0(0) 1(100) 0(0) 0(0)

https://xr.jmir.org/2025/1/e60792
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Adherence Rating

The assessment of adherence to key processes during the
simulated scenarios demonstrated high interrater reliability
among independent reviewer pairs, with Cohen k values of
>0.83 across all pairs. In instances where initial disagreement
or uncertainty arose among the physician reviewers, consensus
was reached through expert review with video replay. Out of a
total of 595 key processes, evaluated across 24 teams for 25
key processes (excluding 8 key processes from one team that
did not initiate the unexplained hypotension/hypoxia followed
by an unstable bradycardia scenario), only 23 instances
necessitated this expert review. The process of video replay
facilitated immediate full agreement among all reviewers,
highlighting the effectiveness of this approach in resolving
ambiguities and ensuring accurate adherence assessment.

Figure 2. Failureto adhereto critical steps by condition type.

Ebnali Harari et al

Comparing Groups Across All 4 Crisis Scenarios

ANOVA analysis showed significant differences in the FTA
ratefor critical stepsamong the 3 checklist groups (F; 46=48.3;
P<.001). Subsequent post hoc analysis showed the AR checklist
group’s mean FTA rate of 15.1% (SD 5.77%, 95% ClI
13.50-16.70) was significantly lower than the paper checklist
group’s FTA rate of 18.32% (SD 5.65, 95% CI 16.75-19.89)
and the no checklist group’s FTA rate of 29.81% (SD 5.59, 95%
Cl 28.26-31.36). The AR group’s FTA rate was significantly
less than the no checklist group (t,3=—10.9; P<.001) and the
paper checklist group (t,3=—2.08; P=.048). Moreover, the paper
checklist group also had a significantly lower FTA rate
compared to the no checklist group (t,3=—6.37; P<.001; Figure
2).
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Comparing Groupsfor Individual Crisis Scenarios

Adherence to critical steps across various scenarios
demonstrated significant differences among groups, with an
ANOVA test showing distinct resultsfor asystolic cardiac arrest
(F246=25.07; P<.001), air embolism (F,4=14.90; P<.001),
malignant hyperthermia (F,

46=12.33; P<.001), and unexplained hypotension/hypoxia
(F5,46=38.39; P<.001). Post hoc analysesindicated that, across
these scenarios, the AR checklist group consistently exhibited
significantly lower FTA rates compared to the no checklist
group, with notable differences in asystolic cardiac arrest
(t,5=—6.47; P<.001), air embolism (t,;=—4.45; P<.001),

https://xr.jmir.org/2025/1/e60792

RenderX

Group

malignant hyperthermia (t,3=—4.79; P<.001), and unexplained
hypotension/hypoxia (t,3=—10.57; P<.001). Comparisons
between the AR and paper checklist groupswereonly significant
for some scenarios, with dightly lower FTA rates for critical
steps using the AR checklist in asystolic cardiac arrest
(t,3=—2.65; P=.014) and unexplained hypotension/hypoxia
(ty3=—2.10; P=.046). The paper checklist group also
demonstrated significantly improved adherence over the no
checklist condition in scenarios such as an air embolism
(t;3=3.72; P<.001) and unexplained hypotension/hypoxia
(t,3=5.40; P<.001; Figure 3).

While the AR checklist group demonstrated statistically
significant differences in FTA rates compared to the paper
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checklist group, it isimportant to notethat thissignificancewas chance, and further studies with larger sample sizes are

observed by a narrow margin. Given the sample size, there
remains the possibility that this effect could be influenced by

necessary to confirm these findings.

Figure 3. Failureto adhereto critical steps by scenario and group type. AR: augmented reality.
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For anesthesiologists, ANOVA results showed a significant
effect of the checklist type on the LF/HF ratio (F,45=4.88,
P=.02). In pairwise comparisons, the AR checklist group had
asignificantly higher LF/HF ratio compared to both the paper
checklist and no checklist groups, suggesting apotential increase
in cognitive load when using the AR checklist (P<.05; Figure

4). There was no significant difference in LF/HF ratio when
comparing the paper checklist with no checklist groups, after
adjusting for multiple comparisons. For nurses, the differences
were significantly different (F,4=43.25; P<.001). The no
checklist group had a significantly higher LF/HF ratio than the
other two groups (P<.05). The AR checklist and paper checklist
groups did not differ significantly.

Figure 4. Low-frequency to high-frequency ratio across operating room staff roles by checklist group. AR: augmented reality; LF/HF: low frequency

to high frequency; OR: operating room.

7 Groups
| AR Checklist
6= [ Paper Checklist
° | No Checklist
L)
5 - I —
2 e
—
@ —— %
e 4- -
% Y
¢ T3
- - ad o
q— [ » .
2 -
1=
| I
Anesthesiologist MNurse

OR Staff

https://xr.jmir.org/2025/1/e60792

XSL-FO

RenderX

JMIR XR Spatial Comput 2025 | vol. 2 | €60792 | p.92
(page number not for citation purposes)


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

JMIR XR AND SPATIAL COMPUTING (JMXR)

Survey

Survey responses showed that both AR and paper checklist
groups viewed their respective checklists positively (Table 2).
Participants in the AR checklist group rated the checklist’s
ability to help them fedl prepared during the emergency scenario
at amean Likert score of 4.5 (SD 0.75), and the paper checklist
group rated this at 4.3 (SD 0.82), indicating no significant

Ebnali Harari et al

difference between the groups. Participants expressed a strong
willingness to use the checklistsin real-life situations, with the
AR group scoring a4.6 (SD 0.70) and the paper group scoring
a4.4 (SD 0.75). When considering the disruption to the clinical
flow of the operative emergency, the AR checklist group
reported less disruption with a mean score of 4.5 (SD 0.90)
compared to the paper checklist group’s score of 4.2 (SD 1.00).

Table. Questionnaire response data from participants on checklist usability.

Statement AR checklist group (n=48), mean  Paper checklist group (n=48), mean P value
(SD) (SD)

The checklist helped mefeel better 4.5 (0.75) 4.3(0.82) A3

prepared during the emergency sce-

nario.

The checklist was easy to use. 4.4 (0.80) 4.2 (0.85) .09

| would use this checklist if | were 4.6 (0.70) 4.4 (0.75) .03

presented with this operative emer-

gency inreal life.

The checklist did not disrupt the 4.5 (0.90) 4.2 (1.00) .04

clinical flow of the operative emer-

gency.

If | were having an operationand 4.7 (0.55) 4.6 (0.60) 18

experienced thisintraoperative
emergency, | would want the
checklist to be used.

3AR: augmented reality.

Discussion

Principal Findings

Our findings show that AR checklist groups had a superior
adherenceto critical stepsin criseswhen compared to the paper
checklist groups and groups who did not use any checklist.
These findings highlight AR’s potentia to improve OR staff’s
adherenceto predefined protocolsand ultimately improve patient
outcomes. Thisimprovement suggests that sending critical and
time-sensitive information to clinicians’ and OR staff’sfield of
view may help with faster and more precise decision-making
incritical situations and emergencies. Considering aday-by-day
improvement in technology, this will have the potential to set
the ground for an extended and more effective AR checklist
intervention in many other critical scenarios. This potential
benefit isin line with a comparison of the AR checklist versus
thetraditional checklist in other health care applications[29,30].
The benefit of AR checklists, particularly in comparison with
non-AR alternatives, underscores the technology’s capacity to
augment traditional safety measures.

It is aso important to note that while the AR checklist group
had a clear superiority over the no checklist group, the margin
of improvement was modest when it was compared to the paper
checklist group. In this comparison, the differences were not
always statistically significant acrossdifferent scenarios. These
findings suggest that AR technology may not offer the same
improvement in al clinical scenarios over the paper checklists.
Considering the low sample size and extensive subgroup
analysis, it is reasonable to suggest that AR's rea-world
application and its superiority over conventional methods

https://xr.jmir.org/2025/1/e60792

warrant further examination. We al so observed variation in team
performance, ashighlighted in Figure 1 of Multimedia Appendix
1. Some of this variation may be attributed to an order effect,
where teams became more familiar with the simulation
environment over time. This potential bias should be considered
when interpreting the results, and future studies could include
randomization or counterbalancing to mitigate this effect.

The feedback from participants indicated a high level of
acceptance and perceived utility of AR checklists in crisis
scenarios, pointing to the potential for AR to integrate
effectively into surgical workflows. However, the nuanced
performance improvements highlight the need for a tailored
approach to technological integration in health care, where the
specific context and user needs dictate the effectiveness of such
alternatives [48-50]. The study’s results align with broader
trends in medical and high-risk industries, where checklists
havelong been recognized for their rolein promoting adherence
to best practices and enhancing outcomes [51-53]. Just as
checklists have transformed safety protocols in aviation and
nuclear power, AR checklistshold promisefor surgical settings.
Nonetheless, the adaptation of these tools in medicine,
particularly in the high-stakes environment of the OR, requires
careful consideration of design, implementation, and training
to ensure they meet the unique demands of health care providers
and patients.

A key consideration emerging from our research is the
differential impact of AR on the cognitive load among OR staff.
Anesthesiologists using the AR checklist have shown a higher
LF/HF ratio, which may be associated with a higher level of
cognitive load when compared to the paper and no checklist
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groups. While we initially interpreted the higher LF/HF ratio
in the AR checklist group as a sign of increased cognitive
burden, it isalso possible that thisreflects heightened cognitive
engagement. The AR checklist may stimulate more focused
attention on the OR environment and monitoring, compared to
the paper checklist, which could be perceived as more
distracting. This alternative interpretation suggests that the AR
condition may enhance attentional focus in a high-stakes
environment, and further research is needed to clarify the
relationship between LF/HF ratio and cognitive engagement.

It is an important finding that AR technology may improve
adherence but simultaneously may add a cognitive burden
[54,55] that adversely affects clinicians' behavior under
cognitively demanding conditions. Thisvariability in cognitive
impact across different OR roles underscores the importance of
designing AR applicationsthat aretailored to the diverse needs
and cognitive capacities of surgical teams. Future studies should
also include qualitative methods to capture participants
experienceswith AR and paper checklists. Combining thiswith
guantitative data will provide a more complete understanding
[56].

Limitations

This study has several limitations that should be considered.
First, the study was conducted in a simulation setting that may
not necessarily reflect the complexity of the OR environment.
Second, our sample size was relatively small with a limited
statistical power that prevented usfrom confidently performing
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subcategory analysis and extracting minor differences between
groups. Larger studies with more diverse groups of clinicians
and more scenario variability are needed to alow for subgroup
analyses and to look for potential impacts on certain groups of
clinicians or crisis scenarios. Third, the integration of AR
technology into clinical practice raises questions about cost,
accessibility, and the need for specialized training [57]. The
development of best practices for the implementation and
customization of AR checklistswill be crucia to their successful
adoptionin surgical care. Last, werecognizethat P valuesaone
should not be taken as conclusive evidence of AR’s superiority.
The narrow statistical margin highlights the need for further
validation through larger studiesto confirm its efficacy.

Conclusion

Our study showed that the use of AR-enhanced checklists
significantly improved adherence to critical procedural steps
during simulated OR crises compared to both traditional paper
checklists and scenarios without a checklist. Thesefindingsare
promising as they may contribute to the patient’s safety and
outcomes. However, while the benefits of AR are promising,
our findings also indicate a potential increase in cognitive load
among clinicians, particularly anesthesiologists. Future studies
should aim to optimize AR interfaces to minimize cognitive
demands and validate these results in real-world settings.
Addressing the balance between improved protocol adherence
and cognitiveload will be crucia for integrating AR effectively
in high-stakes environments like the OR.
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Abstract

Background: The perception—action cycle enables humans to adapt their behaviors by integrating sensory feedback into motor
actions. Functional neurological disorder (FND) disrupts this cycle, leading to maladaptive motor responses and a diminished
sense of agency. FND includes functional seizures, movement disorders, and cognitive impairments, significantly affecting quality
of life. Recent advancementsin extended reality (XR) neurotechnol ogies provide opportunitiesfor novel rehabilitation approaches,
leveraging visual and haptic feedback to retrain motor control and restore agency in individuals with functional limb weakness.

Objective: Thisstudy aimed to co-design and evaluate an X R-based biofeedback platform for upper-limb rehabilitation in FND,
incorporating multisensory feedback (visual and haptic) to enhance motor retraining.

Methods: A mixed methods design was used. In phase 1, a Delphi survey (N=20, patients with FND) identified key user
requirements, emphasizing customizability, real-time feedback, accessibility, and comfort. Theseinsights guided the codevel opment
of an XR biofeedback platform. In phase 2, a co-design workshop with 6 participants (3 FND patient representatives and 3 health
care professionals) evaluated the usability of 3 XR training tasks: virtual reality (VR) relaxation task, a guided meditation in a
VR calming environment; XR position feedback task (“Hoop Hustle”), a VR-based motion task requiring arm movements to
interact with virtual objects, providing real-time positiona biofeedback; and XR force feedback task, a haptic robot-assisted
exercise using the Human Robotix System (HRX-1) haptic device, applying resistive forces to guide upper limb movements.
Participants completed system usability scale (SUS) questionnaires and provided qualitative feedback, which was analyzed using
NVivo (QSR International) thematic analysis.

Results: The XR position feedback task achieved the highest usability ratings, with 4 out of 6 participants scoring it above 85,
indicating “excellent” usability. The VR relaxation task received polarized scores: 2 participants rated it highly (90 and 87.5),
while 3 scored it poorly (mid-40s), citing motion discomfort and disengagement. The XR force feedback task had mixed usability
outcomes (SUSrange: 27.5 - 95.0), with 1 participant with functional dystonia struggling significantly (SUS 27.5), while others
rated it between 62.5 and 95.0. Qualitative feedback emphasized comfort (lighter headsets and better ergonomic design), immersion
and content quality (clearer visualsand reduced distracting audio prompts), personalization (adjustable settingsfor speed, difficulty,
and force resistance), and accessibility (cost concerns and home usability considerations). Overall, participants viewed the XR
biofeedback platform as highly promising but in need of fine-tuning.

Conclusions: This study demonstrates the feasibility and usability of an XR neurotechnology platform for FND rehabilitation,
with strong acceptance of XR position feedback, mixed reactions to VR relaxation, and individual-specific usability outcomes
for the force feedback task. Findings underscore the need for personalization features and hardware refinement. Future work will
focus on enhancing usability, improving accessibility, and evaluating effectivenessin larger clinical trials.

(IMIR XR Spatial Comput 2025;2:e68580) doi:10.2196/68580
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Introduction

Humans continuously learn through interactions with their
environment via a perception-action cycle—a feedback loop
where sensory input informs actions and the consequences of
these actions (shaped by rewards and penalties) reinforce or
modify behavior over time. This adaptive learning process is
crucial for navigating social and environmental contexts,
allowing individuasto align their behaviorswith societal norms
and expectations. However, maladaptive learning can occur
when responses to rewards and penalties lead to dysfunctional
behavior patterns, diminishing an individual’s sense of agency
and resulting in disordered actions [1]. We hypothesize that
functional neurological disorder (FND) may arise from such
mal adaptive |earning within the perception-action cycle, where
certain reinforced behaviors disrupt normal functional responses,
contributing to symptoms and reduced voluntary control over
bodily actions.

FND is a complex, dehilitating condition with symptoms
comparable in severity and societal cost to those of epilepsy or
multiple sclerosis [2]. FND encompasses several
subtypes—functional seizures, functional movement disorders,
persistent perceptual postural dizziness, and functional cognitive
disorder—stemming from interplay between neurological and
psychological mechanisms[3]. Yet, only about 50% of United
Kingdom health boards have established care pathways for
FND, underscoring significant gaps in treatment [4]. Recent
advancements in neurotechnology and better understanding of
FND pathophysiology have revealed shared mechanisms (such
as abnormal sensorimotor processing and disruptions in sense
of agency) that can be targeted by novel therapeutic strategies
[3]. Notably, extended reality (XR) approaches have been
proposed within a stepped-care rehabilitation framework [5],
enabling interventionsto betailored based on symptom severity
and delivered from clinic to home settings. XR is an umbrella
term encompassing immersive technologies that blend digital
and physical environments, including augmented reality (AR),
virtual reality (VR), and mixed redity (MR). AR overlaysdigital
information onto the real world, VR fully immerses usersin a
computer-generated environment, and MR allows interactive
overlay of artificial elementsonto thereal world. XR platforms
can incorporate haptic (touch-based) feedback and guided
suggestionsto engage patients through bottom-up sensory input
and top-down cognitive cues, respectively, aiming to retrain the
disrupted perception-action links underlying FND symptoms
[6]. For example, haptic feedback may provide rea-time
physical cues to encourage movement, while positive verbal
reinforcement (“You're doing great!”) can facilitate operant
conditioning during VR rehabilitation [7].

A survey of 527 individuas revealed high comorbidity rates
among patients with FND, with pain (78.1%), fatigue (78.0%),
and sleep disturbances (46.7%) being the most common
symptoms, often worsening postdiagnosis [8]. Effective FND
management underscores the need for transparent diagnosis
explanations to improve patient understanding and enable
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personalized treatment strategies [9]. The National Institute of
Mental Health's Research Domain Criteria framework [10]
offers a dimensional perspective for understanding FND [11],
guiding the development of neurotechnologies and biomarkers
to better categorize its heterogeneity. The recent proposal for
the inclusion of the sensorimotor domain in the Research
Domain Criteria highlights the growing recognition of
sensorimotor processing in mental health [10], presenting
opportunities for intervention through XR neurotechnologies.

Building on previous V R-based interventions [ 12], we proposed
theintegration of haptic feedback into an X R setting to modulate
the balance between sensory attenuation and amplification using
an operant conditioning framework [7]. Haptic feedback in
visuo-motor tasks plays a crucia role in reinforcing the
perception-action cycle, primarily through efference copy and
corollary discharge integration, which differs from motor
imagery-based VR training [13]. The efference copy is an
internal duplicate of motor commands from the supplementary
motor complex [14], allowing the cerebellum and sensory areas
to predict sensory consequences of movement [15]. This
predictive function enables the brain to distinguish between
self-generated actions and external stimuli, an essential aspect
of sensorimotor learning. When haptic feedback is absent, motor
learning relies on mental simulationswithout new sensory data,
potentially reinforcing mal adaptiveinternal models, as observed
in cerebellar dysfunction [13,16]. In adaptive XR learning,
haptic feedback serves as real-world sensory input, aiding in
the recalibration of maladaptive internal models and reducing
overreliance on predictive mechanisms associated with mental
simulations in VR-only settings. Studies show that without
haptic input, individuals struggle to correct motor prediction
errors, as their internal model fails to recaibrate effectively
[17]. By integrating haptic feedback into XR rehabilitation, we
aim to recalibrate mal adaptive sensorimotor patterns related to
fatigue (effort-reward mismatch [18]), pain, weakness, dystonia,
and seizures.

Support for XR-based functional motor disorder (FMD)
rehabilitation also stems from intentional binding research,
which suggests that repeated operant experiences enhance
implicit agency by reinforcing associative learning [19]. This
highlights the distinction between explicit and implicit agency:
explicit agency, tied to conscious awareness, can be strengthened
through demonstrationslike Hoover's sign or tremor entrainment
[20], whileimplicit agency is shaped through repeated operant
conditioning [7]. These mechanismsinteract via top-down and
bottom-up pathways, which can be experimentally modulated
in XR through exafference—the controlled simulation of
external stimuli. However, the ethical, cost, and usability
concerns associated with digital health interventions necessitate
stakeholder engagement to ensure alignment with broader health
caregoals. Industry-driven digital health innovation playsakey
role in assessing how these technologies impact health care
systems and patient outcomes. Our research focuses on
eval uating the usability of an XR neurotechnology platform for
biofeedback training in functional limb weakness, combining
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bottom-up haptic feedback with top-down visuo-motor task
suggestions (refer to Figure 1) [6]. The ultimate goal is to
develop precise, technically effective, sustainable, and
patient-friendly XR neurotechnologies for FND rehabilitation.
Industry-driven innovation plays akey rolein trandating these
technologies into practice by evaluating their impact on health

Duttaet al

care systems and outcomes. The ultimate objective isto ensure
that such neurotechnology is not only effective but also
user-friendly, acceptable, and accessible for people with FND.
In this context, this study adopted a coproduction approach to
co-design an XR biofeedback training platform for functional
limb weaknessin FND and to assessits usability with end-users.

Figure 1. Perception-action coupling for extended reality (XR) biofeedback training to modulate bottom-up reafference with exafference through a
haptic robot (HRX-1) to support movement in cases of functional weakness. Top-down modulation isinfluenced by guided visual and verbal suggestions
presented via X R feedback. A distinction can be made between efference copy—internal brain duplicates of motor commands (in action)—and corollary
discharge, which involves expected sensory signals due to those motor commands (in perception).

XR
environmen

Methods

Study Setting and Participants

This study consisted of two phases: an exploratory survey
(Delphi method) conducted online to inform platform design
and a subsequent in-person co-design workshop for usability
evaluation.

In phase 1, an exploratory Delphi survey was conducted online,
where a convenience sampling method was used to recruit
individuals with lived experience of FND as “experts by
experience” from the United Kingdom Royal Preston Hospital’s
FND service team’s networks led by the PPIE (Patient and
Public Involvement and Engagement) leads. In total, 20
individuals (experts by experience) with FND participated in
the initial round of the Delphi survey. Participants provided
feedback viaan online questionnaire. The survey collected both
quantitative and qualitative data on several topics: familiarity
with VR and haptic technologies, perceptions of comfort and
ease of use, anticipated relevance and impact of an XR-based
therapy for FND, and potentia barriers to adoption (such as,
cost, access to equipment, technical support, and side effects).
Responses were analyzed to extract common themes and
requirements that the PPIE lead presented at the National
Rehabilitation Centre (NRC) Rehabilitation Technologies
Conference 2024 [21] (NRC Rehabilitation Technologies
Conference 2024 poster and slidesin Multimedia Appendix 1).
Based on the survey findings, we codeveloped with the PPIE
leads and industry partners (Human Robotix Ltd and Nudge
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Reality Ltd) a prototype XR neurotechnology platform. We
selected the Human Robotix HRX-1 upper-limb haptic system
(aportablerobotic device providing force feedback) and Nudge
Reality’s “Hoop Hustle” XR game as the core components for
our platform, as these were judged by the PPIE leads to best
meet the identified needs (detailed specifications of the hardware
and game options are availablein MultimediaAppendix 2). The
HRX-1 device can assist or resist arm movements with precise
torque control, while Hoop Hustle is a VR game that can be
adapted for therapeutic exercises.

For the phase 2 co-design and usability testing workshop, a
purposive sampling approach was used to recruit participants
specifically from the United Kingdom Royal Preston Hospital’s
FND Service team, including PPIE leads. We then conducted
an in-person workshop involving 6 participants drawn from the
FND service community: 3 FND patient representatives (1
female and 2 mae) and 3 hedth care professionals (2
physiotherapists and 1 neurologist; 2 female and 1 male). All
6 participants are coauthors of this paper for the participatory
design approach. Before the workshop, participants provided
informed consent. The session took place in a rehabilitation
clinic setting and lasted about half a day.

Ethical Considerations

Asthiswork was part of a patient engagement and technology
co-design project, it was conducted with institutional review
board notification but was determined to be a service
development and quality improvement activity not requiring
full National Health Service (NHS) Research Ethics Committee
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review. All participants gave written informed consent for their
involvement and for publication of deidentified feedback. The
study was carried out in accordance with the Declaration of
Helsinki principles of ethical research.

Procedure and XR Platform Tasks

Given the selection of Human Robotix’s HRX-1 system for
upper limb rehabilitation (Human Robotix’s HRX-1 system in
Multimedia Appendix 3) and Nudge Reality’s “Hoop Hustle”
game (Nudge Redlity’s XR games in Multimedia Appendix 4)
by PPIE leads, efforts were focused on adapting these
technologiesto test 3 conditions: VR relaxation, XR positional
feedback, and XR force feedback. During the co-design
workshop, the prototype XR platform was introduced, and
participants were guided through 3 interactive training tasks,
each representing a different mode of biofeedback.

Duttaet al

Experimental Robotic System

A 1-degree-of-freedom HRX-1 desktop robot (refer to Figure
2) equipped with adirect-drive el ectromagnetic motor for wrist
flexion or extension movement was used in the study. The robot
offers high flexion or extension torque (up to 2 Nm), position
and torque sensing, and avariety of control modesin acompact
roboatic platform. The design of the HRX-1 robot is substantially
more compact and lighter than existing comparable systemsto
enable easy transportation and installation for the studies in
clinical, research, and at-home environments. The safety of the
robot operation was implemented at mechanical (range of
motion limitation with end-stops), electric (limitation for the
maximal electric current), and software (limitation on the
maximal speed of movement) levels. Previoudly, robots have
been successfully used in clinical and research studies[22-24].
In this study, the HRX-1 robot was integrated with VR tasks.

Figure2. HRX-1 robot that can generate programmable wrist flexion and extension torques for assistance or resistance during the experimental study.
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VR Relaxation Task

Participants wore a Meta Quest 3 VR headset to experience a
guided rel axation session. The VR environment featured calming
scenery (eg, agradually descending landscape or serene nature
scene), accompanied by a gentle narrative instructing the user
in relaxation techniques (for instance, breathing exercises, and
progressive muscle relaxation cues). The purpose of this task
was to familiarize users with VR and induce relaxation, which
can help reduce FND symptom intensity. Participants remained
seated during this task. Notably, based on user feedback from
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the Delphi survey, we avoided any instructions that would
conflict with VR immersion (as one Del phi respondent cautioned
that this could cause disorientation). Thetask lasted about 5 - 7
minutes.

XR Position Feedback Game (Hoop Hustle)

Inthistask, participants engaged with hoop hustle, atherapeutic
game developed for XR rehabilitation. The user's goa in the
game isto move their affected arm (or a controller held in that
arm) to “shoot” ballsin VR through a series of hoops or targets
at varying positions. The game provides rea-time visua
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feedback on the accuracy and speed of the user's arm
movements. For example, when a participant moves their arm,
a corresponding arm or cursor in VR is shown, allowing them
to adjust their movement to align with the hoop. Successful hits
(getting the ball through the hoop) trigger immediate positive
feedback (visual effects and encouraging sounds). The game's
difficulty can be adjusted—for example, hoop height and size
can be modified to accommodate the user’s range of motion,
and the speed of ball generation can be tuned. During the
workshop, an operator adjusted these settings as needed to
ensure each participant could comfortably attempt thetask. This
task emphasized positional biofeedback (augmented visual
feedback of movement) without additional force resistance.
Each participant practiced for several minutes until they felt
they had experienced the core mechanics of the game.

XR Force Feedback Task

The HRX-1 haptic robot was integrated with the hoop hustle
gameto provideforce feedback during the exercise. Participants
grasped the end-effector of the HRX-1 device, which was
programmed to apply gentleresistive forces or assistance during
specific arm movements in the VR game. For instance, as a
participant guided aball toward ahoop in VR, the device might
add a dlight downward resistance, requiring the user to exert
additional effort and thus engage proprioceptive feedback
pathways. In this way, the XR force feedback task combined
visual and haptic biofeedback. We also implemented a simple
exercise game: thewrist handle of the robot was used to control
avisual cursor shown in the screen, and a participant’stask was
to rotate the handle with their wrist follow a pseudo-random
movement of a target on the screen as accurate and as fast as
possible, similar to the tasks used in [25]. A participant could
observe the progress task on the screen (visual modality) and
feel the assistive and resistive wrist flexion or extension torques
generated by the robot (force feedback modality). This was
included to explore how force feedback might help revea or
train aspects of motor control in FND (eg, addressing sensory
attenuation deficits). Each participant spent around 5 minutes
with force feedback enabled. One participant with functional
dystonia required a brief rest during this task due to muscle
fatigue; however, all participants were able to attempt the task
to some extent.

Throughout the session, participantswere encouraged to “think
aloud” and share any difficulties or observations (eg, if the
headset felt uncomfortable or if a task was confusing). A
facilitator took notes on these observations to supplement the
formal feedback.

Data Collection and Analysis

After completing all 3 tasks, participants filled out the system
usability scale (SUS) questionnaire for each task. The SUS is
a 10-item questionnaire yielding a score from 0 to 100, where
higher scores indicate better perceived usability. We chose the
SUS because it is a well-established, quick tool for usability
assessment, suitable even for small samples [26]. Participants
also provided written free-text feedback on their experience
with each task and the overall platform. These responses were
collected on paper forms and later transcribed. In addition, the
workshop concluded with a short group discussion, allowing
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participants to collectively reflect on what aspects of the
platform worked well and what improvements they would
prioritize. The discussion was later summarized in notes.

Quantitative data from the SUS were summarized using
descriptive statistics, given the small sample size. We report
individual SUS scores per participant and per task, as well as
the range and median for each task’s scores. Following
convention [27], we interpret SUS scores using an adjective
rating scale for context: scores above~85 are considered
“excellent,” around 70 - 85“good,”~50 - 69 “okay,” and below
50 “poor” in terms of usability perception. We did not perform
inferential statistical tests due to the exploratory nature of this
pilot and the limited number of subjects. Qualitative data
(written feedback and facilitator notes) were analyzed
thematically. Two researchers (1 patient representative and 1
study investigator) independently reviewed the feedback to
identify recurring themes. Using NVivo 12 (QSR International),
feedback commentswere coded with initial labelscorresponding
to aspects of user experience (eg, “hardware discomfort,” “audio
feedback,” and “game difficulty”). These codes were then
grouped into higher-level themes through discussion and
consensus. Representative participant quotes were extracted to
illustrate each themein the Resullts.

Results

Phase 1. Exploratory Delphi Survey Report
(CHERRIES Checklist)

We present the results from our first round of the Delphi survey
according to the Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) [28], aimed at the trandation of the
VR haptics technology for biofeedback training in FND. The
survey gathered online feedback from 20 (N=20) individuals
with lived experience of FND, considered experts by experience
for technology translation.

Design
Thiswas an online Del phi survey aimed at gathering high-level

user requirements for the development of a VR haptics
biofeedback training platform for FND rehabilitation.

The survey sought to assess perceptions and expectations of
VR and haptic biofeedback technology for rehabilitation,
potential benefits and usability considerations for upper and
lower limb motor retraining, and barriers to adoption and
accessibility concerns among individualswith lived experience
of FND.

Development and Pretesting

Survey Development

The survey was co-designed by a multidisciplinary team
(co-authors of this report), including clinicians, researchers,
industry partners, and FND patient representatives. It was
pilot-tested with a small group of patients with FND and
cliniciansto refine clarity, content, and usability.

Survey Refinements

Feedback from pil ot testing led to revisionsin question phrasing,
response categories, and survey logic. Adjustments were made
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to ensure accessibility for individuals with neurological
impairments (eg, clear navigation and avoiding long response
formats).

Recruitment Process and Sample Char acteristics

Target Population

Thesurvey targeted adults (=18 y) with FND, particularly those
experiencing functional limb weakness.

Recruitment Strategy

Participants were recruited through FND patient advocacy
organizations (eg, FND Hope, FND Action). Neurology clinics
specializingin FND care. Online FND support groupsand social
media communities. The survey link was shared via email,
social media, and organizational websites.

Participation Details

Participation detailsincluded a survey link access, in which an
open-access URL was provided with IP duplicate detection

Textbox 1. Question structure of the survey.
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enabled. No monetary incentives were provided; participants
were thanked for their contributions in follow-up
communications.

Survey Administration

The survey was hosted on a General Data Protection Regulation
(GDPR)-compliant, secure online platform (MS Forms is part
of Microsoft 365, which adheres to GDPR, Health Insurance
Portability and Accountability Act (HIPAA), and 1SO 27001
security standards).

Response Tracking

Anonymous participation was alowed; no email registration
was required, and no IP tracking or cookies were used.
Survey Content

The question structure of the survey included a combination of
guestion types, as listed in Textbox 1.

«  Demographics (age, gender, FND diagnosis history, and previous XR or VR experience).
.  Experience with VR or haptic technology (previous use in gaming, therapy, etc).

«  Perceived benefits of XR biofeedback (customizability, real-time feedback, and usability).
.  Barriersto adoption (cost, accessibility, and concerns about motion sickness).

«  Open-ended qualitative feedback (expectations, concerns, and usability considerations).

Data Handling and Statistical Analysis

Data Privacy Measures

No personally identifiableinformation was collected. Responses
were stored in a secure, encrypted database, accessible only to
authorized researchers.

Textbox 2. Responserate.

Analysis Methods

Descriptive statistics were used for Likert-scale responses
(percentages and means). Qualitative thematic analysis was
performed using NVivo for open-ended responses.

Results Reporting

Response Rate
Response rates are described in Textbox 2.

«  Total respondents: 20.
«  Completion rate: 85% (17 fully completed responses).
«  Dropout rate: 15% (3 partial responses).

Key Findings
Key findings are mentioned in Textbox 3.

https://xr.jmir.org/2025/1/e68580
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Textbox 3. Key findings.
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o  Participant demographics:
«  Peak age group: 35-44 years.

o  Gender: predominantly female.

.  Experience and perception of VR and haptic technology

« Awareness of VR technology: high, but varied levels of familiarity.

«  Haptic technology experience: less common.

«  Comfort levels: mostly positive, but some concerns about mask and goggle discomfort and motion sickness.

«  Perceived relevance and potential impact: high perceived relevance for FND rehabilitation.

o  Participants prioritized:
«  Customizable exercises.
«  Real-time biofeedback.

. Immersive environments.

« Barriersand challenges identified

«  Accessihility concerns: (1) cost of VR equipment, (2) availability through NHS or insurance coverage, (3) WiFi or connectivity limitations.

o Usability issues:
« Motion sickness concerns.

« Need for guidance on using XR biofeedback at home.

. Potential safety concerns:

« Risk of fallsor overstimulation.

Discussion of Bias and Limitations

Potential Biases

The two types of potential biases are (1) selection bias:
participants were self-selected, possibly favoring tech-savvy
individuals, or those already engaged in FND support groups;
and (2) response bias: some participants may have been overly
optimistic or cautious in their feedback.

Limitations

Thisstudy hastwo limitations. Thefirst isthe small ssmplesize
(N=20); the results are preliminary and not generalizableto all
patients with FND. The second is the use of the single-round
Delphi survey; the findings require further validation through
additional rounds or larger-scale studies.

Conclusion

Thefirst round of the Delphi survey provided key insights into
the usability, expectations, and barriers associated with XR
haptics biofeedback training for FND rehabilitation.

Key Takeaways

Participants perceived high potential benefits but highlighted
cost, accessibility, and usability concerns. There was a strong
interest in real-time feedback and customization to tailor the
technology toindividual needs. Concerns about motion sickness,

https://xr.jmir.org/2025/1/e68580

equipment comfort, and NHS availability need to be addressed
for successful adoption.

Future Steps

Refining usability features based on patient feedback in phase
2 co-design and usability testing. Further stakeholder
engagement with clinicians, patient organizations, and industry
partnersin phase 2 co-design and usability testing. Scaling the
study to validate findings with a larger sample and additional
Delphi rounds following in phase 2 co-design and usability
testing.

Phase 2: Usability Scores (Quantitative Results)

Basic usability testing typically benefits from the purposive
selection of 5 - 10 participants [29]. Here, all 6 workshop
participants completed the XR position feedback and XR force
feedback tasks, and 5 completed the VR relaxation task (1 health
care professional was unable to try the VR relaxation due to
time constraints). Table 1 presents the SUS scores given by
each participant for each task. Overall, the XR position feedback
game received the highest ratings with a median score of 91.3,
and all participants rated it above 70. The VR relaxation task
had a bimodal distribution of scores—2 participants rated it
very highly (~88 - 90) while 3 participants gaveit scores bel ow
50, indicating poor usability for thoseindividuals. The XR force
feedback task had generally positive scores from 4 participants
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(range, 80.0 - 95.0), but 1 participant (Participant 3) gave avery
low score (27.5). According to Bangor et al’s [27] adjective
rating scale for SUS, the low scores in the 40s for the VR
relaxation task correspond to a “poor” usability experience,
despite the same task being rated as “excellent” by others.
Similarly, the force feedback task’s scores suggest mostly
“good” to “excellent” usability, with one clear outlier in the
“poor” range. In contrast, the X R position feedback task’s scores

Duttaet al

correspond to “good” or “excellent” usability across all users.
These results highlight a high degree of variability in user
experience for the more complex or condition-sensitive tasks
(VR relaxation and force feedback), compared to the consistently
positive experience with the position feedback game (XR system
usability testing script and XR system usability testing results
in Multimedia Appendices 5-8).

Table . The system usability scale (SUS) score was calculated for each participant across extended reality (XR) tasks, including virtual redlity (VR)
relaxation, XR position feedback control, and XR force feedback control. Participant 6 did not participate in the VR relaxation task.

XR force feedback SUS XR position feedback SUS VR relaxation SUS
Participant 1 80.0 95.0 475
Participant 2 62.5 725 90.0
Participant 3 275 92.5 45.0
Participant 4 825 100.0 875
Participant 5 95.0 90.0 45.0
Participant 6 875 85.0 _a
8not available.

Phase 2: User Feedback and Thematic Analysis
(Qualitative Results)

Quialitative analysis of the feedback revealed several key themes
regarding the user experience and suggestionsfor improvement.
Participants provided free-text responses regarding their VR
relaxation task experience, which were analyzed for future
technology improvement.

Immersion and Visual Artifacts (Improve Realism and
Reduce Pixelation)

Some participants struggled with visual quality, stating that the
graphics were “bland” and “pixelated” One participant
mentioned, “ The environment didn’'t feel real enough to help
me relax.”

Discomfort With the Headset (Select Lighter Weight
Hardware)

Participantsfound the VR headset too heavy, making it difficult
to use for prolonged relaxation. One user commented, “The
headset was too bulky—it distracted me rather than helping me
relax.”

Voice Guidance I ssues (Offer Customizable Audio
Settings)

While some users appreciated the guided relaxation, others
found the voiceover distracting or repetitive. One participant
stated, “The voice instructions were too constant—I| wanted
more silence to focus on breathing.”

Motion Sickness and Unpleasant Sensations (XR May
Minimize Some Disorienting Effects)

A few partici pants experienced dizziness, with one stating, “ The
moving visuals made me feel nauseous, which completely

defeated the point of relaxing.” This suggests a need for less
intense motion effects.

https://xr.jmir.org/2025/1/e68580

Mixed User Feedback on Effectiveness (Offer
Alternatives, Eg, Audio-Only Modes)

Some participants felt the VR relaxation could be beneficial if
improved, while others stated they would prefer aternative
relaxation methods (eg, audio-only relaxation without VR).

Participants also provided free-text responses regarding their
experience with the XR position feedback task, which were
analyzed for future technology improvement.

Real-Time Visual Feedback | ssues (Lower Latency
Motion Tracking)

Some participants struggled with feedback clarity, reporting
inconsistencies in motion tracking. One participant noted,
“Sometimes my arm was perfectly aligned, but it wouldn’t
register the movement.”

Difficulty in Adjusting Position (Online Recalibration)
A few participants found it difficult to match their movements
with the system’sfeedback. One participant commented, “1 kept
missing the hoop even when | thought | was on target.” Another
commented, “I liked that it gave immediate feedback, but
sometimes| didn’t understand what | did wrong.” Thissuggests
that target alignment and hit detection need refinement.

Engagement and Gamification Elements (Expand
Game-Like Elements)

Some participants enjoyed the interactive aspect of the task.
One participant stated, “It was fun trying to score points, but |
wish there were more levels or challenges”

Physical Strain Concerns (I ndividualized Task | ntensity)

A small number of participants reported discomfort or strain
during prolonged use. One participant mentioned, “| could feel
my arm getting tired quickly—I think the tracking required
more effort than | expected.”
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Mixed User Feedback on Usability (Lower Latency
Motion Tracking and Online Recalibration)

Some participants felt that improving the accuracy and
responsiveness of the tracking would make the task more
engaging. One participant suggested, “If it was more precisein
detecting movements, 1’d find it much more enjoyable.”

Participants provided additional free-text comments about their
experience using the XR force feedback task, which were
analyzed for future technology improvement.

Lack of Personalization (I ndividualized and Adaptive
Resistance)

Several participants noted that the resistance levels were not
well-adjusted to their needs. One participant stated, “ The force
applied felt either too weak or too strong—there was no
in-between.” This suggests a need for adaptive resistance
control.

Discomfort and Fatigue (I mprove Ergonomics)

The heaviness of the headset and the effort required to overcome
force resistance were cited as major concerns. One participant
reported, “After afew minutes, my arm felt very fatigued, which
made the task frustrating rather than helpful.” Another stated,
“The device felt restrictive rather than supportive.”

Low Engagement (Expand Game-Like Elements)

The lack of an interactive or gamified element was also
highlighted. One participant commented, “ There’ sno motivation
to keep going—it’s just moving against resistance with no real
feedback.”

Potential for | mprovement (Future Potential)

Some participants saw promise in the concept but suggested
improvements, such as, “It would help if the system guided me
on whether | was applying the right force” “Maybe add
vibration or a sound effect when | get the force correct,” and
“If the resistance could change based on how strong | am, that
would be much better.”

Summary

In summary, the qualitative feedback provided actionable
information that complemented the SUS usability scores. It
explains why certain tasks received lower scores (eg, VR
relaxation’stechnical and content i ssuesleading to poor ratings
from half the group) and reinforces the need for customization
in the force feedback task (given one user’s difficulties). The
participatory nature of the co-design and usability testing session
ensured that end-user voices directly informed the next steps
of platform refinement.

Discussion

Principal Results

This study is, to our knowledge, the first mixed methods
evauation of an XR-based biofeedback training platform
co-designed for individual swith motor FND. Through a2-phase
coproduction approach, we obtained rich stakeholder input and
preliminary evidence of usability. Our key finding is that the
XR position feedback game was the most well-received

https://xr.jmir.org/2025/1/e68580
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component of the platform, with consistently high SUS usability
scores and positive feedback from users. This task, dubbed
“Hoop Hustle” in the prototype, required participantsto perform
wrist movementsto control a VR interface with accompanying
visual feedback. The strong performance of this task suggests
that combining visual feedback in an intuitive pointing game
can be highly engaging and easy to use for people with
functional weakness. Participantslikely benefited from the clear,
immediate cause-and-effect in this game, which may have
contributed to a sense of accomplishment and control.

In contrast, the VR relaxation module yielded a polarized
reaction: some individuals felt deeply relaxed and enjoyed the
experience (reflected in very high SUS scores), while others
struggled with aspects of the VR environment (leading to poor
usability ratings). These divergent outcomes highlight that a
one-size-fits-all relaxation experience may not suit everyone;
factors such as susceptibility to motion sickness, comfort with
wearing a VR headset, and personal preference for
meditation-style activities can greatly influence one's
experience. The XR force feedback task showed intermediate
and more variable usability. Most participants handled the
force-feedback task moderately well (SUS~80 - 95 for 4
participants), indicating that they understood thetask and could
perform it, but one participant (P3) had an extremely negative
experience (SUS 27.5). P3's case is particularly informative:
this participant has functional dystonia (a subtype of FND
causing involuntary muscle contractions), which likely made it
difficult to perform the steady force output required by the task.
This resulted in frustration or fatigue, as reflected in both the
low usahility rating and the participant’s comments describing
the force task as “hard to manage” and “tiring.” This finding
underscoresthat individual clinical differences (such asthetype
of motor symptoms) can dramatically affect the usability of
specific training tasks. Notably, the same participant (P3) rated
the XR position task very highly (92.5), much higher than they
rated the other 2 tasks. We interpret thisto mean that while the
force feedback task was not well-tolerated by P3, the position
feedback game was accessible and enjoyabl e even for someone
with dystonia. It is possible that the position task’s
design—emphasizing range of motion and coordination rather
than sustained force—was better aligned with this participant’s
abilities. This suggests a need for personalized task selection
or customization: users might benefit from having multiple
training task options and skipping or modifying those that
aggravate their symptoms.

Acrossall tasks, the qualitative feedback provided further insight
into these quantitative results. For instance, participants who
gavelower SUS scores often cited specific issuesthat explained
their discomfort. Those who rated the VR relaxation poorly
mentioned problems like visual graininess and a sense of
disorientation when the virtual scene “breaks’ (one user
described aloss of immersion at acertain transition, eg, reaching
avirtual staircase where the illusion was not convincing). On
the other hand, participants who enjoyed the relaxation task
commented on feeling calm and appreciating the break from
active gameplay, which may reflect personal differencesin how
individuals prefer to engage (active interaction vs passive
relaxation). Similarly, mixed feedback on the force task
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corresponded with whether users felt the haptic feedback was
appropriate; some found it novel and motivating, while others
found it confusing or difficult to calibrate their strength. We
can summarize the qualitative feedback themes as follows.

Hardware Comfort and Ergonomics

Multiple participants commented on the VR headset’s weight
and fit. One noted that the “ headset isheavy” and that the straps
were “a hit fiddly” to adjust properly. Another participant
suggested the need for a more personalized or lightweight
headset, saying they “would prefer [their] own personal headset”
if using the system regularly. These comments indicate that
physical comfort is a crucial factor, as discomfort could limit
how long users with FND (who may have neck or upper body
weakness) can wear the device. Ensuring abetter fit and lighter
hardware in future versions was a unanimous priority among
participants.

Immersiveness and Visual or Auditory Feedback

Participants generally appreciated the concept of theimmersive
training tasks, but they pointed out specific issues that broke
their sense of immersion. For instance, one participant observed
that in the VR relaxation, “the picture quality is bland” (low
resolution), which detracted from the experience. Visual artifacts
or graphics glitches were noticed by another, who commented
that such issues“break immersion.” On the auditory side, afew
participants felt the guided meditation voice-over in the VR
relaxation was “too artificia” and constant, making it
“distracting” rather than soothing. One user recommended
incorporating periods of silence or softer, nonverbal audio,
noting that “Constant speech is too much—needs time to
breathe.” In the XR game, participants enjoyed the sound effects,
but one suggested adding more varied sound cues for feedback
(eg, different sounds when a hoop is scored versus missed).
Enhancing the realism and quality of sensory feedback (both
visual and auditory) would likely improve user engagement.

Task Difficulty and Personalization

There was a strong consensus on the importance of adjusting
the tasks to individual capabilities. In the hoop hustle game,
participants had different skill levels; 1 patient with a more
severe weakness struggled initially, so the facilitator enlarged
the hoop and reduced the required movement range. Thiskind
of on-the-fly personalization was appreciated. Participants
explicitly mentioned featuresthey would like to see: “adjustable
height [of hoops]” and “hoop size” options, aswell asthe ability
to slow down or speed up the game pace. In the force feedback
task, the participant with dystonianoted that the resistance made
the task quite challenging for them, but felt it might be helpful
if it could betuned to their strength level. Across the feedback,
“personalization” emerged as akey theme-one size does not fit
al inthisdiverse group. Future versions of the platform should
include user-specific calibration, difficulty settings, and possibly
adaptive algorithms that modify task parameters in real-time
based on performance.

Perceived Benefits and Engagement

Despite the critiques, most participants expressed enthusiasm
for the platform’s concept. Several referred to the approach as
a“brilliant idea” and were eager to seeit refined. They reported
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finding the interactive game enjoyable-one hedth care
professional noted that the competitive element of trying to get
the ball through the hoop “made it fun, so you forget you're
exercising.” Participants also believed the platform could
increase patient motivation to perform rehabilitation exercises,
as it “doesn’'t feel like therapy” in the traditional sense. The
relaxation task was seen as potentially useful for calming down
patients before or after physical exercises, although it clearly
needs improvement to be effective for everyone.

Practical Considerations (Accessibility)

Echoing the Delphi survey results, workshop participantsraised
practical questions. They debated whether the system would be
used in clinics or at home. For home use, participants stressed
the need for proper guidance and support: “If this was sent to
patients, there would need to be a help guide or 24/7 tech
support,” one participant said, concerned about | ess tech-savvy
users. The idea of a shared device versus personal ownership
was discussed; some felt a single headset could be used by
multiple patientsin aclinic if properly sanitized, while others
thought long-term users would benefit from having their own
device configured to their needs. Concerns about cost were
mentioned again; one participant estimated “it's[£]1000... (US
$1330) | could not afford [this]” and hoped it would be provided
through the NHS or insurance. These discussions highlight that
for the platform to be implementable, issues of cost, training,
and technical support must be addressed alongsideitstechnical
development.

These thematic insights demonstrate the value of a mixed
methods approach: the quantitative data identified where
usability was strong or weak, and the qualitative data helped
explain why those outcomes occurred. Crucially, the workshop
confirmed that co-design is not only feasible but beneficial in
developing neurotechnology for FND. Participants' real-time
feedback led ustoidentify specificimprovements (eg, modifying
the VR content and adding adjustabl e settings in the game) that
we might not have fully appreciated without their involvement.
The inclusion of both patients and clinicians ensured that the
usability assessment considered practical use in a clinical
context.

Comparison with Previous Work

Our findings aign with existing literature emphasizing
user-centered design for health technologies. Previous studies
have noted that even small samples (5 - 10 users) can uncover
the majority of usability issuesin a system [29]. In our case, 6
users were sufficient to highlight distinct strengths and
weaknesses of the platform. The variability in VR relaxation
feedback is reminiscent of observations in broader VR
applications. while VR can provide immersive therapeutic
experiences, factors like motion sickness and comfort remain
challenges to address. The need for personalization in
rehabilitation technology is well-documented; for instance,
usability studies of other rehab games have found that adaptive
difficulty can significantly improve user engagement and
outcomes. Our results specifically extend this understanding to
FND, suggesting that personalization may not only improve
engagement but might be necessary to accommodate
neurological symptoms like dystonia or fatigue. From a
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neurological perspective, the concept of using haptic feedback
and VR to retrain the perception-action cyclein FND drawson
theories of sensory attenuation and agency in functiona
movement disorders. By providing congruent visual and haptic
inputs corresponding to the user’s intended movements, the
platform aims to reinforce the association between effort and
sensory feedback, potentially strengthening the efference copy
mechanism that is hypothesized to be underactive in patients
with FND [14,30,31]. While our study did not directly measure
clinical outcomes or neurophysiological changes, the positive
usability of the position and force feedback tasks is a critical
first step toward implementing such therapeutic concepts in
practice. A recent review by [12] aso emphasized VR’ spromise
for addressing mechanisms of agency and attention in FND;
our practical findings complement this by showing that patients
arewilling to engage with VR or haptic systems, provided they
are comfortable and accessible.

Limitations

This study has several limitations. First, the sample size was
small (5 - 6 participantsfor usability testing), and al participants
were from a single clinical center and also coauthors, which
could introduce some bias or limit critical feedback. The
findings should be interpreted as preliminary and exploratory;
a larger, independent sample will be needed to validate and
generalize the usability results. Second, participants familiarity
with XR technology varied, and those with previous VR or
gaming experience might have found the system easier to use,
potentially influencing their SUS scores. We did not formally
quantify each participant’s XR technology background, which
isaconfounding factor that future studies should measure. Third,
wefocused on 3 specific XR tasks (VR relaxation, XR position
feedback, and XR force feedback). Other functionalities (eg,
bilateral training or cognitive tasks in XR) were not included
and could present additional usability challenges or benefits not
captured here. Fourth, the reliance on subjective SUS scores
introduces potential bias, asindividual expectations or novelty
effects can influence ratings. We mitigated this by collecting
detailed qualitative feedback, but objective performance metrics
were not analyzed in thispilot. Fifth, asaninitial co-design and
usability study, we did not assess clinical efficacy, for instance,
whether using the platform yields improvements in motor
function or FND symptoms. Such outcomeswill need evaluation
in subsequent trials. Finally, our personalization of the tasks
was done manually by thefacilitatorsrather than through built-in
adaptive algorithms. This limits the consistency of the user
experience; an automated personalization mechanism would be
ideal to ensure each user gets an optimaly challenging
experience. Despite these limitations, the study provides
valuable insights into the user experience of an XR
neurotechnol ogy platformtailored for FND. To our knowledge,
this is one of the first studies to report detailed usability data
for an XR hapticsplatformin FND rehabilitation. The co-design
approach proved effective in identifying user priorities and
potential pitfalls early in the development process.

Future Directions

The next steps following this study will address the identified
issues and test the platform on a broader scale at home [32].
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FMD involves involuntary-feeling but voluntary-appearing
movements, linked to a disrupted sense of agency due to
impaired sensory attenuation, that is, the brain’s predictive
suppression of self-generated sensory feedback [33]. This
impairment, involving brain regions like the primary motor
cortex, cerebellum, and right temporo-parietal junction, leads
to difficulties in distinguishing self-initiated actions from
external stimuli [34]. Conversely, sensory amplification,
mediated by the posterior parietal cortex, heightens sensory
perception through attention. XR presents therapeutic potential
by balancing sensory attenuation and amplification [6]. VR
allows controlled manipulation of predictive coding, helping
recalibrate agency and sensory processing in FMD. The
comparator model (refer to Figure 3) suggeststhat agency arises
when predicted sensory outcomes align with actual feedback,
which can be reinforced through haptic feedback in XR. Here,
linking active inference in motor control lies in its ability to
explain and address motor dysfunctions [35]. By recognizing
that the brain updates perceptions and modifies actions to
minimize prediction errors, this framework offersinsightsinto
abnormal motor control, where disrupted sensory prediction
leadsto impaired agency and movement errors. In rehabilitation,
this perspective supports the development of XR biofeedback
interventions, where haptic and visual feedback can help
recalibrate faulty sensorimotor predictions. By reinforcing
accurate sensory-motor associations, these technologies may
restore agency and improve motor function, offering a novel,
personalized approach to therapy. Indeed, X R technologies have
been shown to enhance sensorimotor processing, but usability
for patientswith FMD must be assessed. Early user involvement,
particularly in conditions like functional dystonia, is critical to
refining XR rehabilitation design. Our study engaged
stakeholders from academia, industry, and health care (NHS,
England) to classify technological needs into incremental or
revolutionary advancements. Notably, no commercial or
research-based XR biofeedback systems currently exist
specifically for FMD rehabilitation.

In response to user feedback, we are working with the
developers to improve the VR relaxation module (enhancing
graphics, refining the audio guidance, and possibly adding
options for different scenes or background music) [32]. We are
also implementing in-software settings that allow end-users or
therapists to easily adjust game difficulty, visua or auditory
feedback levels, and force feedback intensity. In addition, we
plan to incorporate a brief calibration or tutorial at the start of
a session, where the system can gauge a user’'s comfortable
range of motion and strength, and automatically set initial task
parameters accordingly. These changes aim to embed
personalization directly into the platform. A follow-up study is
being designed to involve alarger cohort of patients with FND
in a multisession at-home trial with the refined platform [32].
That study will evaluate not just usahility, but also short-term
effects on motor function and symptoms, using clinical scales
and objective performance metrics within the game. We will
also examine learning effects-whether repeated use leads to
improved user proficiency or changesin feedback preferences—o
understand how usability evolves over time. Animportant future
directionisto explore remote or home usability of thisplatform
[32]. Given theinterest in home-based rehabilitation (and lessons
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learned during the COV1D-19 pandemic), we aim to test whether
patients can effectively usethe XR system at home with minimal

Duttaet al

can track usage and progress), and ensuring robust technical
support is available. Addressing these factors will be essential

for trandating this coproduced XR platform into a scalable,
real-world therapeutic option for individuals with FND.

supervision. This will involve devel oping comprehensive user
guides, integrating remote monitoring capabilities (so therapists

Figure 3. Based on the comparator model, when a motor command is issued, an accompanying efference copy is generated, which allows the brain to
predict the expected sensory outcome of the action. This predicted outcome is then compared to the actual sensory feedback upon action completion.
A strong the feeling of agency isexperienced if thereisaclose match between predicted (corollary discharge) and actual sensory information (afference)
from the environment. This comparator model can also explain feeling of agency in virtua extended redlity (XR) environments where a virtual
representation mimics the user’s physical movement, providing exafference that, when combined with reafference, provides users the sense of agency
(feeling of agency).
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Conclusions

Through a collaborative coproduction approach, we devel oped
and pilot-tested anovel XR (VR+ haptic) biofeedback training
platform for patients with functional upper limb weakness due
to FND. Our usability findings are encouraging: an interactive
XR position feedback game was rated highly usable by all
participants, and a VR relaxation experience received very
positive feedback from some users. At the same time, the
variability in responses, particularly the challenges faced by
one participant during the force feedback task, highlights the
necessity of a flexible, user-tailored design in such
neurotechnologies. One-size-fits-all solutions are unlikely to

feedback, we identified concrete areas for improvement (such
as hardware comfort and software adaptability) that will guide
the next iteration of the platform. This study demonstrates that
patients with FND and clinicians are not only capable of
providing meaningful input into technol ogy design but are eager
to do so when the goa is to enhance therapy. With further
refinement and larger-scale testing, the XR platform has the
potential to become a valuable tool in FND rehabilitation,
offering engaging, at-home training that reinforces patients
agency and motor function in a way that is enjoyable and
customized to their needs.
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