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Abstract

Background: Virtual reality (VR) is helpful for the management of stress and anxiety. However, current interventions have
limitations related to location (ie, therapist’s office or hospitals) and content (ie, virtual experiences only for relaxation).

Objective: This randomized pilot trial aims to investigate the efficacy and acceptability of a brief remote VR-based training
for supporting stress and anxiety management in a sample of Italian health care workers.

Methods: A total of 29 doctors and nurses (n=21; 72% female; mean age 35.6, SD 10.3 years) were recruited and randomized
to a VR intervention group or a control group in a passive control condition. Participants assigned to the VR intervention group
received remote V R-based training consisting of 3 sessionsat home delivered in 1 week using the VR psychoeducational experience
“MIND-VR” and the 360° relaxing video “ The Secret Garden.” The primary outcome measures were stress, anxiety, depression,
and the knowledge of stress and anxiety assessed at baseline and posttreatment. We also evaluated the immediate effect of the
remote V R-based training sessions on the perceived state of anxiety and negative and positive emotions. The secondary outcome
measure was the usability at home of the VR system and content.

Results: The VR intervention significantly reduced stress levels as assessed by the Perceived Stress Scale (6.46, 95% Cl 2.77
to 10.5; P=.046) and increased the knowledge of stress and anxiety, as evaluated by the ad hoc questionnaire adopted (—2.09,
95% CI —3.86 to —0.529; P=.046). However, the home-based VR training did not yield similar reductions in stress, anxiety, and
depression levels as assessed by the Depression, Anxiety, and Stress Scale-21 items or in trait anxiety as evaluated through the
State-Trait Anxiety Inventory Form Y-1. After the home training sessions with VR, there was a significant decrease in anxiety,
anger, and sadness and an increase in happiness levels. Analyses of the questionnaires on usability indicated that the health care
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workers found using the VR system at home easy and without adverse effects related to cybersickness. Of 33 participants, 29
(88%) adhered to the protocol.

Conclusions: Theresults of this randomized pilot study suggest that a week-long home VR intervention, created with content
created specifically for this purpose and available free of charge, can help individuals manage stress and anxiety, encouraging

further research investigating the potential of remote VR interventions to support mental health.

Trial Registration:

(JMIR Serious Games 2025;13:€50326) doi: 10.2196/50326

Clinical Trials.gov NCT04611399; https://tinyurl.com/scxunprd
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Introduction

Background

Virtua reality (VR) isdefined asaset of technologies, including
ahead-mounted display (HM D), computer, and mobile devices,
that allow users to interact with a 3D environment in real time
[1]. Thistechnology has been rapidly advancing in recent years,
with various applications ranging from gaming and
entertainment to education and health care [2-5]. In the last
decade, VR has become a cutting-edge technology that could
provide enhanced value for health care, representing a helpful
and practical instrument for psychological support [6-8].

Several studies, reviews, and meta-analyses have shown that
VR is useful for decreasing stress, anxiety, and negative
emotions, generating positive emotional states [9-11].

Relaxing VR content, especially those created ad hoc by
researchersand cliniciansto mimic nature[9,12] and immersive
video games[11,13], have been shown to help individualslearn
and practice relaxation techniques, such as breath exercise [14],
progressive muscle relaxation [15], biofeedback [16,17], and
mindfulness[18,19]. Additionally, VR can aso be an effective
tool for psychoeducation, an intervention that provides
individuals with information about their illness and teaches
them coping skills[20-23].

The efficacy of VR to support the management of stress and
anxiety has been shown since the 2000sto be useful in different
populations of people, both healthy and enduring various mental
and physica disorders [5,24]. This fact appears important
because stress and anxiety are common menta health conditions
that have become increasingly prevalent, especially since the
COVID-19 pandemic [25,26], with a prevalence of 29.6% and
31.9% [26].

One group that is particularly affected by stress and anxiety is
health care workers. Some of their most common causes of
stress and anxiety include long working hours and constant
exposureto illnessand death [27,28]. The COVID-19 pandemic
has also added an extralayer of stressand anxiety among health
careworkers[29,30]. The high preval ence of stress and anxiety
among health care workers is a significant concern for public
health. It affects the well-being of health care workers and has
implications for patient care and safety [31,32].

Interestingly, recent studies showed the usefulness of VR-based
interventions for diminishing stress and anxiety among health
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care workers. For example, watching 360° videos of caming
natural environments was effective for relaxation in a sample
of 1ICU [33]. Furthermore, a 3-minute immersive video of a
nature scene was found to lower stress levels among frontline
health care workersin COVID-19 treatment units [34].

Although the use of VR for supporting the management of stress
and anxiety has an increasingly solid scientific basis, there are
two limitations still limiting its adoption and usefulness, both
among health care professionals and more broadly. First, in past
studies, experienced clinicians only administered VR
interventionsin their offices or the hospital. However, recently
the introduction of standalone and mobile VR systems, due to
their high ease of use and low cost, has made this technology
feasiblefor daily use at home[35]. Therefore, home VR training
represents a promising new intervention for remote
psychologica support [36-38], including relaxation training
[39,40]. However, littleis currently known about the usefulness
and acceptability of VR-based home programs.

Second, in previous studies that have used VR for stress and
anxiety management, the proposed intervention involved using
VR only for relaxation [33,34]. None of these also incorporated
a part of psychoeducation. However, as suggested in the
literature, psychoeducation is important for stress and anxiety
management, as it could increase treatment adherence and
reduce self-esteem [41]. By providing individuals with an
understanding of the nature of anxiety and stress, along with
practical coping strategies, psychoeducation empowers them
to manage these challenges effectively [42,43]. It also plays a
preventive role by raising awareness and reducing the stigma
surrounding these i ssues, thus potentially averting more severe
mental health problems[44,45].

Aims of This Study

Within the context described above, the main aim of the present
randomized pilot trial was to evaluate the effectiveness and
acceptability of a home-based VR intervention for managing
stress and anxiety in asample of Italian health care workers.

The primary objective of this randomized pilot trial focuses on
the usefulness of the proposed remote VR-based intervention
for decreasing stress and anxiety and enhancing the knowledge
about these conditions compared to a passive group as the
control condition. The second objective was to evaluate the
immediate effect on stress, anxiety, and negative and positive
emotions of at-home VR training sessions. Finaly, the third
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objective was to assess the usability at home of the VR system
and content.

Methods

Study Design

This pilot trial followed a 2-arm, parallel-group, randomized
controlled trial model with between-subjects repeated measures
(pre and post) with VR intervention as the experimental
condition and a passive group as the control condition. The
introduction and methods sections are based on the published
protocol [46].

Ethical Considerations

The research was approved by the Ethics Committee of the
University of Milan-Bicocca (ie, approval 0061757/20 on
September 25, 2020) and of the Foundation IRCCS Carlo Besta
Neurological Institute Foundation (ie, approval number 75 on
September 16, 2020). This study followed the ethical standards
outlined in the Declaration of Helsinki (1964) and its subsequent
revisions. Before data collection, the plan for this randomized
pilot trial’s design, data collection, and analysis was registered
inthe Clinical Trials.gov database (NCT04611399) on February
11, 2020.

Before taking part in this study, participants filled out an
informed consent form. The form explained the procedures,
risks, and benefits of participating in the research, ensuring
confidentiality of personal data, and adherence to ethical
principles. The informed consent also stated that participation
was voluntary, and the participants could withdraw at any time.
All data gathered during this study were stored anonymously
in a web central database repository. Every individual was
assigned a unique participant number consisting of nhame and
surname first letters and a consecutive number. This unique
codeidentified all participant-specific data (eg, epidemiological
and clinical study data). Data access and storage followed the
data security, including password-protected access to all
computers and folders. The participants received no incentives
or rewards to participate.

The trial was conducted at 2 medical sites in Italy: the
Foundation IRCCS Carlo Besta Neurological Institute
Foundation and the Fondazione Europea Ricerca Biomedica.
In each medical site, the participants were recruited from
hospital units that treated patients with COVID-19 (ie, the
emergency department, surgical units, and critical care units).
Health care workers were informed about the possibility of
participating in this study with oral communication and aformal
email from theinstitutional study referent. The participants had
to confirm their intention to participate in this study by
responding to the email while the contact person set up an
appointment for the screening interview, as described below.

Participants

The participants' eligibility was verified through a screening
interview with the research psychologist, who explained the
training’s aims and methods and conducted an assessment to
identify the participants who could enter this study. Thisstudy’s
inclusion criteria were the following: (1) being currently
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employed asahealth care worker, (2) maximum age of 65 years,
(3) absence of medical disorders (heart disease or blood
pressure, neurological disorders, or epilepsy), (4) absence of
pharmacotherapy that could interfere with the measured data
(psychoactive drugs, antihypertensive, or antidepressants), and
(5) no significant visual impairment (all with normal visual
acuity or corrected to normal).

A total of 43 individuals were assessed for eligibility to
participate in this study: 10 (23%) participants did not consent
to participate, and 4 (9%) did not complete the posttreatment
data and were considered dropouts. For the analyses of the
long-term impact of the intervention, we used a complete case
analysis. By focusing on the participants with complete data,
we aimed to minimize potential bias while maximizing the use
of available data

Out of 33 participants, 29 (88%) adhered to the protocol: 21
(72%) females and 8 (28%) males; mean age of 35.6 (SD 10.3)
years;, mean years of professional seniority of 10.1 (SD 10.2)
years. Further, 22 (76%) participants were from the Foundation
IRCCS Carlo Besta Neurological Institute Foundation and 7
(24%) from the Fondazione Europea Ricerca Biomedica
Furthermore, 18 (62%) individuals were doctors and 11 (38%)
were nurses or social health workers.

Sample Size Estimation

A forma sample size calculation was not feasible due to the
absence of data that could serve as the foundation for the
calculation. However, for pilot studies with an anticipated
moderate standardized effect size, enrolling a minimum of 15
individuals per group is recommended to achieve a power of
90% for the subsequent main studies [47].

Randomization and Blinding

Before this study commenced, the participants were randomly
assigned to the experimental or control group in a 1:1 manner.
This study’s coordinator created the randomized list with a
block randomization procedure using a true random number
generator [48]. During the screening interview, eligible
individuals who met the inclusion criteria described above
received written information about the procedure and were asked
to sign the consent form to participate in this study. Only
qualified individuals who provided informed consent were
randomly assigned to the experimental or control group. The
participants received information regarding the all ocation result
during the screening interview.

Interventions

VR Intervention
We describe the protocol in detail in the following section.

Session 1 was the intake session. Once the participants signed
the informed consent and completed the online baseline
guestionnaire (ie, demographi ¢ questions, ad hoc questionnaire
on technological solutions and VR, Perceived Stress Scale
[PSS-10], State-Trait Anxiety Inventory Form Y-2 [STAI-Y 2],
Depression, Anxiety and Stress Scale-21 items[DASS-21], and
an ad hoc questionnaire on knowledge of stress and anxiety), a
research psychol ogist provided them with adetailed explanation
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of the aims and methodology of the 1-week home-based VR
program. For the intervention in the VR group, we used the
Oculus Quest 2 (Facebook Technologies LLC), a
consumer-grade standalone VR system that consists of an HMD
and 2 controllers. The Oculus Quest 2 offersasingle LCD panel
and 1832 x 1920-pixel resolution per eye, with a90 Hz refresh
rate. The participants received a brief 15-minute training on
using the VR system and were then given the Oculus Quest 2
to take home.

Training sessions (sessions 2, 3, and 4) consisted of 3 home
sessions of approximately 30 minutes each, conducted in 1 week
with a distance of 2 days between 1 session and another. The
participantstried for about 15 minutes“MIND-VR,” aVR-based
psychoeducational experience on stress and anxiety created by
ateam from the University of Milano-Bicoccain collaboration
with AnotheReality [21]. The user explored one of three areas
withinavirtual island in each session. Each focused on different
aspects related to stress and anxiety (ie, definitions, causes,
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symptoms, and main treatments). Subsequently, the participants
used the VR relaxation content “The Secret Garden,” a
10-minute computer graphic 360° video developed by Riva et
al [39,40] for relaxation training freely available on the website
(Figure 1) [49]. At the beginning and the end of each session,
the participants were asked to complete online the visual analog
scalefor anxiety (VAS-A) and the State-Trait Anxiety Inventory
Form Y-1 (STAI-Y1).

Session 5 wasthe posttraining session. At the end of thetraining,
the research psychologist met the participants for the
postintervention assessment. On this occasion, the participants
returned the Oculus Quest 2. The participants were asked to
complete the online questionnaires within 1 week after
completion of theintervention (ie, PSS-10, STAI-Y 2, DASS-21,
ad hoc questionnaire on knowledge of stressand anxiety, System
Usahility Score [SUS], Subjective Difficulty Measure [SDM],
Net Promoter Score [NPS], and ad hoc questionnaire on
difficulties and adverse effects).

Figure 1. Screenshots of (A) “The Secret Garden” and (B, C) “MIND-VR.” VR: virtual redlity.

Control Group

This group will undergo baseline and postintervention
assessments without undergoing any training during the 1-week
intervention period.

M easures

Primary Outcome Measure
At baseline and postintervention, the participantsin the VR and
the control group completed the following questionnaires:

+ PSS-10[50]: the PSSisa10-item self-reported measure to
assess the current stress level.

+  STAI-Y2[51]: avalidated and widely used measure of trait
anxiety.
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+ DASS21 [52]: aset of 3 self-report scales designed to
measure depression, anxiety, and stress symptoms.

+ Ad hoc questionnaire on the knowledge of stress and
anxiety: the participants completed 4 factual questionsin
a multiple-choice format (eg, “Which is the first phase of
the General Adaptation Syndrome?’) and 2 conceptual
guestionsin ashort-answer format (eg, “What arethethree
main categories of stress symptoms?’). The questionswere
based on the methodology used in a previous study [53].
The 4 factual questions are given ascore of 0 if the answer
isincorrect and 1if correct, whilethe 2 conceptual questions
are given a score of 0 to 3 depending on the number of
correct items entered. The maximum total scoreis 10.
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Secondary Outcome Measure

Postintervention, the participants in the experimental group
filled out the following questionnaires that served as the
secondary outcome measures:

« SUS [54]: a measure of usability aspects (ie, efficiency,
clarity, or reliability). The participant’s scores for each
guestion are converted into a new number, added together,
and then multiplied by 2.5 to convert the original scores
from 0-40 to 0-100. Based on the research, an SUS score
above 68 would be considered above average, while any
score below 68 is below average (eg, [55,56]).

« SDM: ahorizontal line 100 mm long, anchored by word
descriptors at each end, from “not at al” to “very much.”
The users mark on the line the perceived difficulty in using
the VR system, “MIND-VR,” and “ The Secret Garden” on
ascaefromO (“not at al”) to 10 (“very much”). Thelower
the score, the lower the perceived difficulty.

« NPS[57,58]: it evaluates user satisfaction with a product,
in this case: the home-based VR intervention in general,
“MIND-VR,” and “The Secret Garden.” It requires the
participants to indicate on a scale from O (“not at al”) to
10 (“very much”) how much they would recommend the
products to a family member or friend. The scoring
procedure involves categorizing respondents into 3 groups
based on their ratings. promoters (scores of 9 or 10),
passives (scores of 7 or 8), and detractors (scores of O to
6). Then, the percentages of respondents in each category
are calculated by dividing the number of respondents in
each group by the total number of respondents and
multiplying by 100. Finally, the NPS is determined by
subtracting the percentage of detractorsfrom the percentage
of promoters using the formula: NPS = % promoters — %
detractors. Theresulting NPS can range from —100 to +100.
A positive score indicates that there are more promoters
than detractors, while anegative score suggests the opposite.
A higher NPS generally indicates higher customer
satisfaction and loyalty [57,58].

« Ad hoc questionnaire on difficulties and adverse effects:
individuals were asked to rate on a 7-point Likert scale
(1="not at al” and 7="very much”): If they had difficulty
following the experimental protocol; if they had nausea,
headache, dizziness, and eyestrain while using the VR
system in general; if they had nausea, headache, dizziness,
and eyestrain whileusing “MIND-VR”; if they had nausea,
headache, dizziness, and eyestrain experienced whileusing
“The Secret Garden.” The Cronbach o coefficient of the
guestionnaire was 0.96.

Other Measures

At baseline, the participants in the VR and the control group
completed the following: (1) Demographic: genre, age, years
of education, profession, hospital, work department, and years
of professional seniority. (2) Ad hoc questionnaire on the use
of VR: the individual s were asked to indicate whether they had
ever tried VR before and their level of knowledge of this
technology. (3) Besides, to measure changes in the affective
states of the individuals during the intervention, the participants
of the experimental group were asked to fill in before and after
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each of the training sessions the following self-report
questionnaires: (a) STAI-Y1 [51], used to assess state anxiety
(ie, a temporary emotional condition characterized by
apprehension, tension, and fear about a particular situation or
activity). (b) VAS-A [59], a horizonta line on a scale from O
to 100, anchored by word descriptors at each end (“ no anxiety”
and “very severe anxiety”). The individuals mark on the line
the point that they feel representstheir perception of their current
level of state anxiety. (c) Visual analog scale for emotions
(VAS-E) [59]—the participants indicated on a scale from 0O to
100 their current experienced level of 6 primary emotions: ange,
happiness, disgust, fear, sadness, and surprise. Several studies
have confirmed its reliability and validity (eg, [60]).

Statistical Analyses

Data analyses were carried out through IBM SPSS Statistics
(version 25.0 software package for Windows; SPSS Inc)
software. ANOVA was used to eval uate baseline characteristics
of the 2 groups involved in this study and the overal
significance of improvement across primary outcome measures.
Categorical variableswere compared using Fisher or chi-square
tests, and continuous variables using t tests (2-tailed) or
Mann-Whitney tests, as appropriate.

We used repeated ANOVA for the primary end point outcome.
Time was treated as a categorical variable, and the models
included group, time, and group-by-time interaction as fixed
effects. The conclusions about the usefulness of the VR
intervention were based on between-session comparisons of
change in PSS-10, STAY-Y2, and DASS21, and in a
guestionnaire on the knowledge of stress and anxiety from
baseline to posttreatment. Given the relatively small sample,
bootstrapping (number of samples: 1000) was used to increase
the robustness of statistical analyses. This approach allowed us
to estimate the variability of results more accurately and to
obtain more precise estimates of the parameters of interest.

A 2x3 repeated measures ANOVA was used to analyze the
within-session changein the situational state anxiety (STAI-Y1
and VAS-A) and negative and positive emotions (VAS-E) scores
before and after each home-based VR training session. Tests of
statistical significance and Cls were 2-sided. A P<.05 was
considered statistically significant. Descriptive methods were
used to report the usability at homes of the VR system and
content for the secondary outcomeintervention (ie, SUS, SDM,
NPS, and ad hoc questionnaire on difficulties and adverse
effects).

Results

Descriptive Statistics and Baseline Characteristics

Thetria flow chart is summarized in Figure 2. The presence of
Spurious associations among demographic variables and
experimental groups was evaluated by using a chi-square test
of independence and t test analyses for independent samples
(Table 1). Theresults highlighted that no statistically significant
associations were found among considered variables in the 2
groups.

Concerning other the participants characteristics, baseline
measures did not report statistically significant differences
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between the 2 groups, meaning that variable scores were homogeneous (Table 2).

Figure 2. Tria flow chart. DASS-21: Depression, Anxiety, and Stress Scale-21 items; PSS: Perceived Stress Scale; STAI-Y1: State-Trait Anxiety
Inventory Form Y-1; STAI-Y2: State-Trait Anxiety Inventory Form Y-2; VAS-A: visua analog scale for anxiety; VAS-E: visual analog scale for

emotions.

Participants rectruitment
43 health care workers answered to oral or email
communication

v

Eligibility screening interview
43 were assessed for inclusion or exclusion criteria

v

Informed consent
33 signed the informed consent

Excluded (n=10)
- Did not provide
informed consent

v

33 completed the baseline assessment
with PSS, STAI-Y2, DASS-21, ad hoc questionnaire
on the knowledge of stress and anxiety

v

33 randomized
to 2 groups

/

Excluded (n=3) VR intervention Control arou Excluded (n=1)
- Did not complete (0=17) (n:%" P F—{ -Didnotcomplete
the postireatment data the posttreatment data
v ;
14 completed the e
training assessment
before and after
each of the 3 sessions
with the STAILY1, VAS-A,
VAS-E
v ‘
14 completed the 15 completed the
postintervention postintervention
assessment with PSS, assessment with PSS,
STAIY2, DASS-21, STAI-Y2, DASS-21,
ad hoc questionnaire ad hoc questionnaire
on the knowledge of stress on the knowledge of stress
and anxiety and anxiety
Y Y
14 included 15 included
in the analyses in the analyses
Table 1. Chi-square test of independence on gender and previous experience with VR in the 2 experimental groups.?
Variables VR group (n=15) Control group (n=14) Chi-square (df) P value
Gender 0.013 (1) 91
Female 11 10
Male 4 4
Previous experience with VR 0.024 (1) .87
Yes 6 6
No 9 8

3/R: virtual redlity.
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Table 2. Mean comparison of demographic and primary outcome measures assessed at baseline in the 2 experimental conditions (VR group: n=15;

control group: n=14).2

Variables Mean (SD) t test (df) P vaue

Age (years) -1.3(27) 2
VR 33.2(10)
Control 38.1(10.3)

Years of professional seniority -1.27 (27) 21
VR 7.8(9.4)
Control 12.5(10.7)

Knowledge of VR -0.087 (27) 43
VR 1.53(0.743)
Control 1.86 (1.35)

pPss-10P 0.005 (27) .99
VR 20.8(5.7)
Control 20.8(5.1)

STAI-Y2° 0.121 (27) .90
VR 46.8 (12.6)
Control 46.2 (13.2)

DASS-219 stress 0.614 (27) .55
VR 28.1(10.3)
Control 26 (8.2)

DASS-21 anxiety 0.263 (27) 79
VR 20.1 (5.5)
Control 19.5(5.9)

DASS-21 depression 1.196 (27) 24
VR 23.1(4.5)
Control 20.5(6.5)

Knowledge of stressand anxiety —0.475 (27) .64
VR 4.8(2.6)
Control 5.2 (2.01)

3/R: virtual redlity.

PpSS-10: Perceived Stress Scale.

CSTAI-Y2: State-Trait Anxiety Inventory Form Y-2.
dpASS-21: Depression, Anxiety, and Stress Scale-21 items.

Impact of the VR Intervention on Primary Outcomes

To investigate whether a home-based VR intervention can
support health care workers in managing stress and anxiety, we
compared the effects of the VR intervention and control
condition on the primary outcome measures. The average change
in primary outcome measures for the VR and control conditions
from baseline to postintervention is depicted in Table 3.

The VR intervention led to a decrease in PSS-10 scores (mean
6.46, SD 7.41; 95% CI 2.77 to 10.5), which was significantly
larger than the control condition (mean 0.785, SD 7.43; 95%
Cl —2.93 t0 4.66; t,;=2.06; P=.046). The effect size caculated
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as Cohen d of the reported change in the VR intervention
compared to the control condition was high, d=0.765. Figure 3
shows a significant difference between the VR and control
conditionsin their average changein perceived stresslevel from
baseline to after the intervention as measured by the PSS-10.

However, results did not reveal similar reductions in stress,
anxiety, and depression levels as measured by the DASS-21 or
in trait anxiety as assessed by the STAI-Y1 (Table 3).
Furthermore, results showed that the VR intervention led to an
increase in the knowledge of stress and anxiety, as assessed by
the ad hoc questionnaire adopted (mean —2.09, SD 3.28; 95%
Cl -3.86 to —0.529) significantly greater than in the control

JMIR Serious Games 2025 | vol. 13 | €50326 | p. 7
(page number not for citation purposes)


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

JMIR SERIOUS GAMES Pallavicini et al

condition (mean 0.71, SD 2.67; 95% Cl —1.33t0 1.38; t,,=—2.09;  reported changein the VR intervention compared to the control
P=.046; Figure 4). The effect size calculated as Cohen d of the ~ condition was high (d=-0.778).

Table 3. Comparison of the effect of the home-based VR? intervention and control condition on scores on PSSlOb, STAI-Y 25, DASS—Zld, and ad hoc
guestionnaire on the use of VR. All variables are calculated as change scores from the baseline to the second measurement.

Variables Control (n=14), VR intervention t test P value Bootstrap P Bootstrap 95%
mean (SD) (n=15), mean (SD) value Cl

PSS-10 0.785 (7.43) 6.46 (7.41) 2.06 049 046 0.29t010.8
STAI-Y2 (trait) 3.38(15.1) 2.06 (15.9) 0211 83 83 1210108
DASS-21 stress -1.85(16.1) 8.53 (10.6) 2.06 049 053 1210206
DASS-21 anxiety -2 (10.6) 4(5.34) 1.93 .06 .08 0.87t012.3
DASS-21 depression —2.57 (13.39) 5.06 (5.11) 2.05 .05 .06 0.14to0 14.7
Knowledge of stressand anxiety  0.71 (2.67) —2.26 (3.28) -2.09 .046 .046 —4.4t0-1.2

3/R: virtual redlity.

BPSS-10: Perceived Stress Scale.

CSTAI-Y2: State-Trait Anxiety Inventory Form Y-2.
dDASS-21: Depression, Anxiety, and Stress Scale-21 items.
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Figure 3. Changein the stress level as assessed with PSS-10 and DA SS-21 from baseline measurement to posttreatment (1 week) for both conditions.
Positive valuesindicate adecreasein stresslevels. Error barsare 95% Cls. DASS-21: Depression, Anxiety, and Stress Scale-21 items; PSS-10: Perceived

Stress Scale; VR: virtua reality.
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Figure4. Changeinthe knowledge of stressand anxiety as measured by the ad hoc questionnaire from baseline measurement to posttreatment (1 week)
for both conditions. Negative values indicate an increase in the knowledge of stress and anxiety. Error bars are 95% Cls. VR: virtua reality.
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Immediate Effects of the VR Intervention on
Secondary Outcomes

A 2x3 repeated measures ANOVA revealed a significant effect
of time in the STAI-Y1 (F,,,=5.8, P=.03; n2=0.293) and
VAS-A (F; 1,=5.33; P=.03; n2=0.276), indicating that the VR
training sessions were able to decrease state anxiety. Besides,
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results on the VAS-E showed a statistically significant difference
(P=.05) before and after the use of “MIND-VR” in the scores
at VAS happiness (Fy 1,=4.56; P=.05; VAS-A; n2=0.246), VAS
anger (Fy14=7.8; P=.10; VAS-A; n2=0.358), and VAS sadness
(F114=8.53; P=.01; n2=0.279), indicating that the training
sessions using VR were useful for enhancing happiness and
decreasing sadness and anger (Table 4).
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Table 4. Mean changes in state anxiety as assessed with STAI-Y1%and VASAb, and positive and negative emotions as measured through VAS-E® in
the 3 training sessions of the home-based vRY intervention.

Variables Pre mean (SD) Post mean (SD) Effects F test (df) P value n2
STAI-Y1

Session 1 41.4(14.3) 33.4(8.7) Time 5.8(1,14) .03 0.293

Session 2 42.4(13.4) 37.7(13.9) Session 0.45 (1,14) 65 0.065

Session 3 40.4 (12) 36.8 (11.5) Time x session 0.465 (1,14) .64 0.067
VASA

Session 1 36.7 (23.5) 20.7 (20.8) Time 5.33 (1,14) 04 0.276

Session 2 33.3(20.9) 24(23.8) Session 0.069 (1,14) .93 0.011

Session 3 32(22.7) 28(19.3) Time x session 1.15(1,14) .35 0.151
VAS-DIS®

Session 1 9.3(19.8) 5.3(20.7) Time 0.723 (1,14) 41 0.049

Session 2 12.7 (25.7) 9.3 (24.6) Session 3.08(1,14) .08 0.322

Session 3 7.3(15.7) 5.3 (15.5) Timex sesson  0.072(1,14) 93 0.011
VASHPf

Session 1 56.7 (23.1) 62.6 (11.7) Time 456 (1,14) .05 0.246

Session 2 51.3 (24.4) 62 (15.2) Session 0.171(1,14) .84 0.026

Session 3 50.7 (24) 64 (15.5) Time x session 0.638 (1,14) 54 0.089
VAS-AGY

Session 1 20.7 (27.9) 6.7 (16.3) Time 7.8(1,14) 01 0.358

Session 2 16 (25.5) 10 (19.6) Session 0.041 (1,14) .96 0.006

Session 3 16.7 (22.8) 12 (17.4) Time x session 0.528 (1,14) .60 0.075
VASFEN

Session 1 31.3(30.6) 14 (22.6) Time 2.83(1,14) A1 0.168

Session 2 15.3(18.8) 12.7 (23.4) Session 1.4(1,14) 28 0.177

Session 3 16 (23.5) 12.7 (23.1) Time x session 0.962 (1,14) 41 0.129
VAS-SP

Session 1 18 (20.7) 16 (20.9) Time 0.003 (1,14) .95 0.006

Session 2 8.7 (14) 11.3(17.6) Session 2.21(1,14) 15 0.254

Session 3 10.7 (18.7) 10.7 (18.7) Time x session 0.958 (1,14) 41 0.128
VAS-SD/

Session 1 36 (37.5) 19.3 (27.6) Time 8.53 (1,14) 01 379

Session 2 28.7 (26.7) 21.3(20.9) Session 0.773 (1,14) 48 0.106

Session 3 26 (28.2) 15.3(20.9) Time x session 0.383 (1,14) .69 0.056

8STAI-Y2: State-Trait Anxiety Inventory Form Y-2.
bUAS-A: visual analog scale for anxiety.

SVAS-E: visual analog scale for emotions.

dv/R: virtual reality.

®VAS-DIS: visual analog scale for disgust.
'VAS-HP: visual analog scale for happiness.
9AS-AG: visual analog scale for anger.

PVAS-FE: visual anal og scalefor fear.

'VAS-SP: visua anal og scale for surprise.
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IVAS-SD: visual analog scale for sadness.

Secondary Outcomes: Usability at Home of the VR
System and Content

Regarding the usability at home of the VR system, the mean
scores at the SUS were greater than 68 (mean 78, SD 12.8; 95%
Cl 70-86.5), indicating a high usability. Regarding SDM, the
scores were low both in general (mean 2.5, SD 1.1; 95% CI
1.93-3.07) and concerning “MIND-VR” (mean 2.3, SD 1.03;
95% CI 1.7-2.7) and “The Secret Garden” (mean 2.3, SD 1.1;
95% CI 1.7-2.8), showing that the VR system and content were
perceived as easy-to-use. In addition, results showed low scores
in the adverse effects of VR use related to cybersickness
symptoms, both overall (mean 2.9, SD 1.7; 95% CI 2.13-3.8)
and concerning “MIND-VR” (mean 2.4, SD 1.4; 95% CI
1.8-3.2) and “The Secret Garden” (mean 2.4, SD 1.4; 95% Cl
1.73-3.13), indicating that the use of VR had no effects related
to cybersickness. As for the NPS, however, it was —13
concerning the program as awhole, =33 for “MIND-VR,” and
—6 for “The Secret Garden,” suggesting varying levels of
sati sfaction among the participants.

Discussion

Principal Findings

This pilot trial delivered clinical and feasibility data on a
home-based VR intervention for supporting stress and anxiety
management in a sample of health care workers, one of the
categories most affected by these conditions and their adverse
effects.

Starting with the primary outcome measures, the results of this
randomized pilot trial showed that, compared to the passive
control condition, our 1-week remote VR-based intervention
significantly reduced the level of perceived stress as assessed
by the PSS-10. This reduction is underscored by the notable
effect size of d=0.765, suggesting a meaningful impact of the
intervention. However, the home-based VR training did not
yield similar reductionsin stress, anxiety, and depression levels
as assessed by the DASS-21 or in trait anxiety as evaluated
through the STAI-Y 1.

The discrepancy in results, wherein a reduction was noticed in
perceived stress levels as evaluated by the PSS-10 but not
reflected in the outcomes from the DASS-21, suggests potential
differencesin the sensitivity or specificity of these measuresin
capturing changes following the VR intervention. It could also
imply that the VR intervention primarily targeted aspects of
stressthat are more closely aligned with the constructs measured
by the PSS-10, highlighting the importance of selecting
appropriate outcome measurestail ored to the specific objectives
of theintervention.

Furthermore, the fact that the results showed no differencesin
anxiety and depression levels as assessed by the DASS-21 or
in trait anxiety as evaluated through the STAI-Y1 could be
explained by the short duration of the training. In support of
this hypothesis, also in the study by Riva et a [40] on the use
of VR to assist individuals in coping with the psychological
burden related to the COVID-19 pandemic, the use at home for
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one week of a 360° video for relaxation (ie, “The Secret
Garden,” the same one used in our study), used through a
low-cost cardboard HMD, had brought improvementsin stress
levels, but not for the perceived anxiety levels (as measured
with the DASS-21) [40]. In contrast, areduction in trait anxiety
was observed after a program with VR lasting 5 weeks,
consisting of 8 sessions based on biofeedback techniques, and
delivered at the therapist’s office [15]. Future studies must
deeply investigate the optimal duration of remote training for
VR-based stress and anxiety management to maximize its
effectiveness.

Regarding thelevel of anxiety and stressknowledge, theresults
indicated a significant change between different time points
(baseline vs end of intervention assessment) after thehome VR
intervention. Specifically, compared with the passive control
condition, the VR intervention significantly increased knowledge
of anxiety and stress, with an effect size high (d=-0.778).

This result, in line with previous literature [21,61,62], stresses
the potential of VR as a valuable and innovative tool for
promoting scientific and medical knowledge on stress and
anxiety and other mental disorders such as depression [22,23].
Through immersion in the VR environment, individuals may
feel secure and free from judgment, leading to a greater
understanding of their mental health condition [22]. Greater
awareness of symptoms can have significant implications for
clinical outcomes, including treatment-seeking, adherence, and
recovery [63,64], decreasing hospitalization rates, and saving
long-term physician consultation costs. More studies are needed
to expand the limited literature on V R-based psychoeducation.
For example, it would be interesting to test whether inserting
engaging elements and guiding cues before the VR
psychoeducational experience can increase effectiveness in
learning. Equally important is testing the total duration of the
psychoeducation programin VR, trying to proposeinterventions
of longer duration than the one proposed in this study (ie,
1-week).

Resultsfor the secondary outcomesindicated that thehome VR
training sessions immediately decreased perceived stress and
anxiety levels. Specifically, the results of the analyses on
STAI-Y1, VAS-A, and VAS-E showed that after the use of the
psychoeducationa (ie, “MIND-VR”) and relaxing (ie, “The
Secret Garden”) VR experience, a significant increase in the
intensity of positive emotions (ie, happiness), a significant
decrease after VR hometraining sessionsin thelevel s of anxiety,
anger, and sadness, and an increase in the levels of happiness
was experienced. This fact appears important as it points out
how even using VR at home for short periods can help induce
a state of relaxation in the individual, with immediate positive
psychologica effects. As underlined by the broaden-and-build
model [65], experiencing positive emotions can enhance
interaction with others or engagement in creative challenges.
Besides, a positive emotional state positively impacts learning
processes, promoting acquiring the information provided [66].

This study’s virtual content can be easily and affordably
incorporated as supplementary treatment or ongoing support to
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improvethe efficacy of established evidence-based interventions
for health careworkers. It could also be readily modified to help
other groups dealing with stress and anxiety. “MIND-VR” and
“The Secret Garden” are availablefor freein multiplelanguages,
including English. Asthe use of free content could decreasethe
cost and accessibility of care support, it seems essentia that
future studies study thetopicin detail, identifying other content
potentially beneficial for both stress and anxiety management
and other conditions, such as VR video games or naturalistic
experiences.

Finally, regarding the usability at home of the VR system and
content, analyses of questionnaires (ie, SUS, SDM, or ad hoc
guestionnaires on adverse effects) indicated that health care
workers found the VR system easy to use and without adverse
effects related to cybersickness symptoms (eg, nausea and
vertigo). Moreover, both the VR psychoeducational experience
(“MIND-VR") and the relaxation content (“ The Secret Garden”)
were reported as easy to use and did not induce
cybersickness—related effects. These findings offer preliminary
data supporting the ease of use and lack of adverse effects of
VR used in the home, even in individuals without high
knowledge of thistechnology and of different gendersand ages,
as in our sample case. As the use of VR in home settings can
increase participation, involvement, and compliance to follow
psychological support programs, increasing trestment adherence
and lowering self-stigma [67,68], future studies should deeply
investigate this topic.

However, it isimportant to highlight that from the results of the
NPS analysis, a percentage of theindividuals were not satisfied
with the training or content, suggesting an opportunity for
improvement. To gain valuable insights into areas where
changes need to be made, it will be important to carefully
examine the participants’ feedback also from a qualitative
perspective, such as through interviews and focus groups.

The results of this study should beinterpreted based on severa
additional potential limitations. First, in this study, a third
control arm (ie, treatment as usual) was not included due to the
limitation of cost and feasibility. While it has been suggested
that there may not be a significant difference in measured
outcomes between active and passive control groups[69], future
research needs to compare the effectiveness of the VR
intervention with other methods. For example, future studies
could explorethe comparative effectiveness of VR interventions
with placebo interventions and with traditional therapy
approaches such as cognitive behavioral therapy or exposure
therapy, while also investigating the synergistic effects of
combining V R with mindfulness techniquesfor stressreduction
and anxiety management.

Second, in this study, we used a full case analysis instead of
following intention-to-treat principles. The analysis was
conducted on the complete data (per protocol), believing that
this approach was more appropriate to the main objective of
this study, which was to evaluate the feasibility, acceptability,

Pallavicini et al

and potential preliminary impact of the intervention in a small
group of participants. Pilot studies are not intended to provide
definitive estimates of efficacy, but rather to test methodologies
and gather useful information for planning future larger studies.
In this context, the priority was not to obtain generalizable
results but to explore the practical applicability of the protocol
and identify potential critical issues. In addition, the small
sample and missing data (n=4, 12%, dropout) make the
application of imputation techniques delicate, which could have
introduced significant bias. Although the per-protocol analysis
provided useful information to assess the potential effect of the
intervention, future larger studies will need to adopt rigorous
approaches based on intention-to-treat principles to ensure a
morerobust and balanced assessment of the effectiveness. Third,
it isimpossible to guarantee that the participants performed the
remote VR-based training session or that another individual
replaced them. To date, this drawback is common with most (if
not all) home-based training programs. Fourth, in this study,
health care workers who volunteered to participate, in addition
to having specific demographic characteristics (ie, the majority
werefemale adultswith low knowledge of VR), may have been
more stressed or receptiveto aV R intervention, so the responses
may be susceptible to selection bias. The presented results
should be replicated in more diverse samples to improve the
generalizability of our findings. Fifth, in this study, we used
self-reported questionnaires to assess the perceived level of
stress and anxiety. Future research should aso assess
physiological measures related to these conditions (eg, heart
rate variability and cortisol levels). In addition, it might beworth
investigating the clinical and learning outcomes at follow-up
assessments to determine the longer-term effects of remote
VR-based training. Finaly, in this study, we used only
guantitative data, but it could be useful to collect also qualitative
feedback to provide deeper insights into the usability and
acceptability of the technology, offering valuable perspectives
from the participants’ subjective experiences.

Conclusions

Thispilot trial provided clinical outcomesand feasibility results
for a remote VR-based intervention for managing stress and
anxiety in health care workers. The observed clinical outcomes
showed greater improvement in perceived stress as assessed by
the PSS-10 and the knowledge of stress and anxiety inthe VR
group than in the control group. Nevertheless, the findings did
not indicate analogous declinesin perceived stress, anxiety, and
depression levels as gauged by the DASS-21 or in enduring
anxiety as evaluated by the STAI-Y 1. The home VR training
sessions immediately decreased perceived levels of stress and
anxiety. The participantsfound using the VR system and content
at home easy to use and without cyber sickness effects. The
findings should encourage further research and more extensive
studies exploring the potentia of VR interventionsfor delivering
psychological support programsin the home, both for caregivers
and for other categories of peoplewho need support in managing
stress and anxiety.
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VR: virtua reality
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