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Abstract

Background: Empirical evidence has shown that virtual reality (VR) scenarios can increase the effects of relaxation techniques,
reducing anxiety by enabling people to experience emational conditions in more vivid settings.

Objective: This pilot randomized controlled study aims to investigate whether the progressive muscle relaxation technique
(PMRT) associated with a personalized scenario in VR promotes psychological well-being and facilitates the recall of relaxing
images more than the standard complementary intervention that involves the integration of PMRT and guided imagery (GlI).

Methods: On the basis of alongitudinal, between-subject design, 72 university students were randomly exposed to one of two
experimental conditions: (1) standard complementary procedure (PMRT and Gl exposure) and (2) experimental procedure (PMRT
and personalized VR exposure). Individuals were assessed by a therapist before and after 7 training sessions based on measures
investigating anxiety, depression, quality of life, coping strategies, sense of presence, engagement, and side effectsrelated to VR
exposure. Heart rate data were also collected.

Results: Differences in changes between the 2 groups after the in vivo PMRT session conducted by the psychotherapist (T1)
were dtatistically significant for state anxiety (F; 5;=30.56; P<.001) and heart rate (F, 5;=4.87, P=.01). Individuals in the VR
group obtained lower scores both before (tg;=—2.63; P=.01; Cohen d=0.91) and after (tz;=—7.23; P<.001; Cohen d=2.45) the
relaxation session when it was self-administered by participants (T2). A significant reduction in perceived state anxiety at T1 and
T2 was observed for both groups (P<.001). After the VR experience, individuals reported feeling higher engagement in the
experience than what was mentioned by participants in the Gl group (F, 6;=2.85; P=.03; r]p2=0.15), and they experienced the
environment as more redlistic (F; 5;=4.38; P=.003; r]p2:0.21). No differences between groups regarding sense of presence were
found (F¢7=1.99; P=.11, r]p2:0.11). Individuals exposed before to the VR scenario (T1) referred to perceiving the scenario

recalled in-imagination at T2 as more redistic than what those in the GI group experienced (F, 5;=3.21; P=.02, qp2:0.12). The
VR group had lower trait anxiety levelsthan the Gl group after the relaxation session during session 7 (T2; tg;=—2.43; P=.02).
Conclusions: Personalized relaxing V R scenarios can contribute to improving rel axation and decreasing anxiety when integrated
with PMRT as a complementary relaxation method.

Trial Registration: Clinical Trials.gov NCT05478941; https.//classic.clinicaltrials.gov/ct2/show/NCT05478941
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Introduction

Background

In working adults and university students, the prevalence of
depression, anxiety, and stress increases, predisposing them to
physical diseases and genera repercussionsonwell-being [1,2].

The situation has worsened owing to the COVID-19 outbreak,
which affected individuals' general well-being worldwide[3,4].
Different types of standardized relaxation interventions (eg,
mindfulness-based stress reduction, progressive relaxation
techniques by Jacobson, autogenic training by Schultz,
abdominal relaxations, and visualizations) before, during, and
after the COVID-19 pandemic have been shown to reduce
anxiety and stress symptomatol ogy in university students[4,5],
with a more significant effect when integrated with other
complementary techniques such as guided imagery (Gl) [6,7].
Gl isuseful in creating mental imagery and refocusing attention
on pleasant and relaxing imagined visual, auditory, tactile, or
olfactory sensations, resulting in specific psychological and
physiological responses such as relaxation and reduction of the
autonomic nervous system responses [6,8,9].

The integration of the progressive muscle relaxation technique
(PMRT) and GI can promote ahigher sense of relaxation during
training sessions, alowing for the application of the
complementary techniques to cope with the stress experienced
in daily activities [6,10-14].

Virtual redity (VR) is a usable, engaging, and user-friendly
technology that promotes full immersion in the virtual context
and facilitates the control of disturbing external stimuli [15,16].

Various studies have demonstrated that being immersed in
virtual natural environments through a head-mounted display
(HMD) facilitatesthe reduction of anxiety and stress symptoms
in college students [17] as well asin association with different
types of relaxation training (eg, body scan and muscle relaxation
training) [18-21].

Owing to the positive impact of GI with PMRT in promoting
relaxation, it may be hypothesized that exposureto amorevivid,
closer-to-reality VR experience could be a helpful strategy for
improving the relaxation learning promoted by the PMRT and
decreasing stress and anxiety symptomatol ogy.

Gl offersan undefined number of possibilitiesfor personalizing
the imagined scenarios in a safe context. The personalization
of content in VR should be helpful in recreating situations close
to users’ needsto promote relaxation and can override the limits
of Gl. The personalization of VR environments is a crucia
element to consider asit alowsfor relaxation and the perception
of safety in the virtual context [18,22] owing to the possibility
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of offering amorerealistic emotional experience, reflecting the
users needs[23].

Furthermore, thefirst part of the PMRT, named “ active PMRT,”
involves a series of active sessions in which people learn how
to tense and rel ease the different muscle groups from the bottom
to thetop of the body to recognize the subjective state of muscle
relaxation and relax the muscle areas of the body, reducing
tension interfering with skeletal muscle activity.

These previous active PMRT phases are essential and are
typicaly administered face-to-face by a psychotherapist or
health operator trained to conduct the PMRT. By considering
the effective results of web-based interventions in reducing
stress among college students [24] and the rel evant advantages
that web-based therapy can offer (eg, saving costs related to
attending psychotherapy sessions, alowing for partial
self-management of the relaxation training), we assumed that
assessing the efficacy of PMRT in alternative settings may
facilitate the administration of treatment when the
implementation of the standard procedure is not possible.

In light of the evidence described, we hypothesized that VR is
more effective than in-imagination exposure in alowing for
relaxation and decreasing state anxiety because of a more
realistic sensory experience, facilitating visualization.
Objectives

For thisreason, our primary aim wasto deploy the active PMRT
sessions remotely via Zoom (Zoom Video Communications)
and the last complementary session in the therapist’s presence,
exposing peopleto apassive progressive rel axation session with
Gl or VR.

Morein detail, we investigated whether PMRT associated with
a personalized relaxing scenario in VR can be more effective
in reducing state anxiety, tension or activation, and heart rate.

The secondary purposes of this research pilot were to (1)
understand whether VR promotes a better sense of presence and
engagement in the scenario compared with Gl after session 6
(T1) and whether it helps recall the image and be immersed in
the relaxing scenario in session 7 (T2) and (2) investigate
whether exposure to the VR scenario promotes a better
perception of psychological well-being, stress, and trait anxiety
symptoms.

Methods

Overview

This pilot study was a randomized, parallel-assignment,
open-label, controlled, single-center trial based on alongitudinal,
between-subject design conducted at the University of Padova
(Italy) in collaboration with the Center for Digital Health and
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Wellbeing—Fondazione Bruno Kessler (Italy). Thisstudy ispart
of a larger research protocol published by Pardini et a [25]
(International Registered Report | dentifier:
RR2-10.2196/44183). The study’s recruitment phase ended in
February 2023.

Participants

Before study enrollment, during the TO face-to-face assessment
phase at the university, the participants signed a written
informed consent form based on a paper-and-pencil form
agreeing to participate in all the study sessions. They were
informed that (1) their datawould be confidentia, (2) they could
omit any information they did not wish to provide, and (3) they
could withdraw from the study without explanation.

Study participants were recruited in Northeast Italy via social
networking websites (on the web) and during university lectures
(offline). Those individuals interested in participating were
asked to attend aface-to-face assessment with the investigators
to participate in the first evaluation phase (T0) to comply with
the inclusion and exclusion criteria, provide written informed
consent, and undergo a baseline evaluation.

Eligible participants were adults from the general population
(aged =18 years) and native Italian speakers, owned a PC, and
were able to use a PC and a smartphone.

Participants were excluded from the study if they had been
diagnosed with a severe mental disorder or medical conditions
(eg, neuromuscular disorders) or were undergoing current
psychotherapeutic treatment.

Eligible participants were randomly allocated to one of the
experimental conditions based on a simple blinded
randomization via an Excel (Microsoft Corp) file using the
“RAND” function. Intotal, 2 experimenterstrained in cognitive
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and behaviora therapy conducted the relaxation sessionsin a
balanced way, each administering the sessions to 50% of the
sample of each group to control for possible biases related to
the therapist’s personality and competencies. During the
allocation to one of the experimental conditions, participants
were unaware of whether they had to undergo the tria in the
VR or Gl condition. Participants were then informed about the
type of procedure. The random allocation sequence and
participant enrollment were conducted by 2 experimenters
trained in cognitive and behavioral therapy.

Intervention

Hardware and Software Equipment

A commercialy available VR headset (Meta Quest 2; Reality
Labs) with an Alienware m15 Ryzen Edition R5" workstation
and alink cablewere used. Thevirtual scenarioswere developed
using the Unity framework (Unity Technologies) and the C#
programming language (source of assets: Freesound [26], Unity,
Poly Haven, and HDRIs). The code was versioned via GitL ab.
More detailed information about the virtual environment design
isprovided in the study by Pardini et al [18].

Procedure

For each group, the intervention implied previous learning of
the adapted abbreviated PMRT [27] in 4 web-based active
PMRT sessions. Each session required approximately 25
minutes (Figure 1). To check whether participants completed
the active PMRT sessions, the therapists conducting the
experimental procedure could check whether participants
completed the assessment phases and the active PMRT sessions
accessing Moodle (Moodle HQ). Therapists sent areminder to
participants a day before each session in the form of a direct
message from the Moodle platform that was received as a
personal email on the webmail university platform.
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Figure 1. Illustrative examples of the relaxation exercises during the 4 web-based active progressive muscle relaxation technique sessions.
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The first session focused on tensing and releasing the hands,
forearms, arms, neck, shoulders, and back muscles; the second
session focused on the facial muscles; the third session focused
on teaching diaphragmatic breathing; and the fourth session
focused on the abdomen, buttocks, and lower limbs (Figure 1).

The web-based sessions took place on the Zoom platform and
were conducted by acognitive behavioral therapist. Each Zoom
session consisted of (1) filling out the State-Trait Anxiety
Inventory—Form Y 1 (STAI-Y 1; state anxiety form), (2) sharing
general standardized instructions for relaxation and the PMRT
background with the participant, and (3) active PMRT session
focused on a particular body section.

Thefifth VR session was conducted at the VR laboratory at the
University of Padova. All participants were asked to wear the
Xiaomi 2 smartwatch to detect their heart rate frequency before,
during, and after the relaxation session. A tota of 5
measurements (1 per minute) were taken before the relaxation
experience, 12 were taken during the entire exposure, and 5
were taken after the experience in the virtual context. Both the
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PMRT with Gl and the PMRT with VR sessions were
approximately 12 minutes long. This duration was also
established based on previous studies’ outcomes and to avoid
potential cybersickness symptoms [28,29].

Specifically, the compared groups conditions were
characterized as follows: (1) the PMRT and Gl condition
consisted of the deployment of a standard behavioral
intervention based on 4 individua active PMRT sessions via
Zoom (sessions 2-5; T1-T4), aninvivo PMRT relaxation session
with GI conducted by the psychotherapist (session 6; T1) aweek
after the baseline assessment (session 1; T0), and a follow-up
phase (session 7; T2) after 2 weeks consisting of recovering the
in-imagination relaxing scenario and a PMRT session (Figure
2); and (2) the PMRT and VR condition consisted of 4 active
PMRT sessions administered via Zoom (sessions 2-5; T1-T4),
a passive PMRT session integrated with the exposure to
personalized VR scenarios deployed using the Meta Quest 2
HMD (session 6; T1), and afollow-up phase consisting of the
same activities as the PMRT and Gl condition (session 7; T2;
Figure 3).
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Figure 2. Progressive muscle relaxation technique (PMRT) and guided imagery (GI) exposure.
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Figure 3. Progressive muscle relaxation technique (PMRT) and personalized virtual reality (VR) exposure.
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The assessment phases were completed via the Moodle
open-source learning platform. For this purpose, studentscould
use their ingtitutional accounts to access the platform. The
administrator of the experimental procedure then created an 1D
profile for each participant. To access the Moodle platform,
participants did not have to pay.

The assessment phases took place at baseline (T0); before and
after each of the 4 active PMRT sessions; before and after the
passive PMRT session administered with VR or Gl (T1); and
aweek later, when participants were asked to lead the rel axation
session autonomously (T2).

The TO (baseline) assessment phase lasted approximately 40
minutes; it was the same for all participants and was
administered at the VR laboratory at the University of Padova.
It involved the administration of the following measures: (1) a
demographic schedule [30]; (2) a series of self-report
guestionnaires investigating depression, anxiety, stress, quality
of life, and distress coping strategies (State-Trait Anxiety
Inventory—Form Y [STAI-Y]; Depression, Anxiety, and Stress
Scale-21 [DASS-21]; Psychological General Well-Being | ndex
[PGWBI]; and Coping Orientation to the Problems
Experienced—Nuova Versione Italiana [COPE-NVI]); and (3)
resting heart rate detection using the Xiaomi Mi Band 2.

Before and after each relaxation session (T1-T4), in
approximately 20 minutes, the personal level of tension and
relaxation was assessed using avisual analog scale (VAS) from
0 (no tension) to 10 (extreme tension level). The state anxiety
level was evaluated based on the STAI-Y1. The 4 relaxation
sessions were administered 2 to 3 days apart for all 3 groups.
The assessment phase was web-based administered through
Moodle, an e-learning platform used for data collection.

The T1 phase (day 7) took approximately 60 minutes and took
place at the VR laboratory at the University of Padova. Before
and after therelaxation on, states of tension and relaxation
and anxiety were assessed using a0 (no tension) to 10 (extreme
tension level) VAS. The state anxiety level was eval uated based
on the STAI-Y 1. Participants were then exposed to a PMRT
session merged with a VR or Gl procedure. Before the
in-imagination or VR experience, al the participantsfilled out
the Vividness of Visual Imagery Questionnaire and the Test of
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Visual Imagery Control. After the PMRT session, users filled
out a series of self-report questionnaires investigating
depression, anxiety, and stress (STAI-Y and DASS-21), and
only the VR group filled out the Virtual Reality Symptom
Questionnaire (VRSQ) to monitor V R-related side effects (eg,
sickness) and the International Test Commission—-Sense of
Presence Inventory (ITC-SOPI) to assess the sense of presence
at the end of the T1 phase. The Xiaomi Mi Band 2 was used
during the entire T1 phase to detect resting heart rate activity.
The assessment phase was administered through the Moodle
e-learning platform.

The T2 phase was deployed for approximately 45 minutes at
the VR laboratory at the University of Padova. Before and after
the relaxation session, states of tension and relaxation and
anxiety were assessed using a VAS from 0 (no tension) to 10
(extreme tension level). The state anxiety level was evaluated
based on the STAI-Y 1. All users were exposed to a self-Gl
experience in which those who were part of the VR group were
asked to recall the personalized VR scenario experienced during
the T1 phase (day 7). The Gl group retrieved instead the image
that participants had used in association with the PMRT during
the T1 phase (day 7). After the session, participants filled out
a series of self-report questionnaires investigating depression,
anxiety, stress, and quality of life (STAI-Y, DASS-21, and
PGWABI) and an ad hoc version based on the ITC-SOPI to assess
the sense of presence experienced during the imagery session.
This assessment phase was administered based on the Moodle
e-learning platform. The Mi Band 2 was used during the entire
T1 phase administration (day 7) to detect resting heart rate
activity.

Sample Size Estimation

Toinvestigate whether the parameters based on our samplesize
could be acceptable, a formal sample size calculation was
conducted using the G* Power (version 3.1) software [31]. As
a statistical test, the repeated-measure ANOVA between the
factors was considered. The effect size was 0.28, the Cronbach
a was .05, and the power (1 — B error probability) was 0.80. We
had 2 separate groups and 3 measurements. On the basis of these
parameters, it was estimated that at least 35 participants should
be recruited for each group. The enrollment process is
summarized in Figure 4.
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Figure 4. CONSORT flow diagram. Progressive muscle relaxation technique (PMRT) and guided imagery (GI) condition: “As usual” intervention;

PMRT and virtua reality (VR) condition: “ Experimental” intervention.
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Statistical Analysis

Quantitative statistical analyses were conducted using the SPSS
(version 29.0; IBM Corp) software [32]. Frequencies, means,
and SDs were measured to explore the sociodemographic
features.

To examine the between- and within-subject differences, the 2
groups were evaluated using a repeated-measure multivariate
analysis of covariance (MANCOVA) for mixed designs,
multivariate MANCOVA, and t tests. To compare the
differences between and within groups, pairwise comparisons
with Bonferroni Cl adjustment were cal culated. Multiplelinear
regression analyses were conducted to investigate whether the
sense of presence, engagement, and perception that the scenario
was realistic could be predictive of the state anxiety level
experienced after the VR exposure.

Outcome M easures

The measureswere administered before and after each relaxation
session. The heart rate frequency was recorded based on the
Xiaomi Mi Band 2 before the session to obtain baseline data
during and after the trials.
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A sociodemographic schedule was filled out to obtain
information about gender; age; mother tongue; marital status,
years of education; occupation; psychological, medical, and
neuromuscular problems; use of drugs; and whether participants
had relaxation training experience or had used VR devicesin
the past.

The STAI-Y [33-35] is a self-report questionnaire that allows
for theinvestigation of state and trait anxiety using 40 itemson
a4-point Likert scale. Items are grouped into 2 scales focused
on how participants generally feel (trait anxiety) or what they
experience at particular times (state anxiety). Thereliability and
validity of the STAI-Y aregood in the Italian sample. Thisstudy
highlighted a moderate to acceptable internal consistency for
the state and trait anxiety scales administered (.70<Cronbach
0<.84).

The VAS for the tension and relaxation level is a measure of
tension and relaxation intensity administered before and after
each VR experience. Participants had to express how tense and
activated they felt (O=not at all; 10=completely). Lower scores
indicated higher relaxation levels.
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The DASS-21 [36-38] is a self-report questionnaire based on
21 items that provides information about anxiety, depression,
and stress symptomatology on a4-point Likert scale from 0 to
3. Internal consistency and convergent, divergent, and
criterion-oriented validity are adequate in the original and Italian
versions. On the basis of our sample, a moderate to acceptable
internal consistency emerged for the total and the 3 subscales
(.77<Cronbach 0<.87).

The PGWBI [39-41] is a self-report questionnaire consisting
of 22 items that provides a general subjective assessment of
psychological well-being. It comprises 6 subscales: anxiety,
depression, positivity and well-being, self-control, general
health, and vitality. The scores for all subscales can be
summarized to provide a summary score, which reaches a
maximum of 110 points representing the best achievable
“well-being.” The tool’s psychometric properties are good for
the original version and Italian validation. Considering our
sample, an acceptableinternal consistency emerged for thetotal
score (Cronbach 0=.72).

The COPE-NVI [42] is a 60-item self-report questionnaire on
a 5-point Likert scale that investigates how often people use
certain coping strategieswith stressful or difficult events. Items
are grouped into 5 subscales referring to different coping
strategies: social support, avoidance strategies, positive attitude,
problem-solving, and turning to religion. This tool is
psychometrically valid to measure coping styles in the Italian
context. Considering our sample, an acceptable internal
consistency emerged for the total and the 6 subscales
(.72<Cronbach 0<.89).

The Vividness of Visua Imagery Questionnaire [43-46]
comprises 16 items on a 5-point Likert scale and investigates
individual differences regarding the ability to imagine visual
contexts vividly. The participant is asked to generate 4 mental
images and evaluate their vividness. On the basis of our sample,
agood internal consistency was observed (Cronbach a=.89).

https://mental .jmir.org/2024/1/e48649
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The Test of Visua Imagery Control [45-47] is a measure that
evaluates individual differences in the ability to control and
modify mental images intentionally. For example, participants
are asked to visualize a car and then transform the image
according to 10 different descriptions. Responses are recorded.
On the basis of our sample, a good internal consistency was
found (Cronbach a=.86).

Thel TC-SOPI [48,49] isaquestionnaire consisting of 42 items
on a5-paoint Likert scalethat allows for the investigation of the
sense of presence experienced in a VR context. It comprises 4
subscales investigating the sense of physical space, level of
engagement experiencein thevirtual context, ecological validity,
and negative effects of exposure. On the basis of our sample, a
good internal consistency was found for all subscales
(.67<Cronbach 0<.78).

The VRSQ [50,51] assessesthe general and eye-related physical
symptoms of exposureto aV R environment. The score assigned
to each item ranges from O to 6, with amaximum total score of
84 (48 for general symptomsand 36 for eye symptoms). Higher
scores represent worse symptoms, with 0 corresponding to no
adverse effects and 84 to serious adverse effects.

Ethical Consider ations

The proposed study protocol was approved by the institutional
review board of the Interdepartmental Ethical Committee of
Psychology (17 Ared) of the University of Padova (ltaly;
approval 4701; April 29, 2022). The study complied with the
relevant ethical regulations of the Declaration of Helsinki
(Italian law 196/2003; European Union Genera Data Protection
Regulation 679/2016).

Results

Sociodemogr aphic Features and Comparisons

The sociodemographic features of the study sample are outlined
in Table 1.
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Table 1. Demographic features and comparisons considering psychological constructs.

Virtua redlity group Guidedimagery group F test (df) Chi-square (df) np2
(n=36) (n=36)

Gender (women), n (%) 28 (78) 27 (75) N/A2 0.8(2) N/A
Age (years), mean (SD) 23.83 (6.10) 30.42 (8.36) 1456(1,69°  N/A 0.17
Years of education, mean (SD) 16.81 (1.31) 18.25 (2.60) 887(1,69P° NA 0.11
Marital status, n (%) N/A 93 (z)b,d N/A

Single 18 (50) 16 (44)

Engaged, noncohabiting 17 (47) 10 (28)

Married and cohabiting 1(3) 10 (28)
Medication (yes), n (%) 8(22) 5(14) N/A 0.5(2) N/A
Psychological problems (yes), n (%) 15 (42) 12 (33) N/A 05(2) N/A
Medical problems (yes), n (%) 6 (17) 10 (28) N/A 13(2) N/A
Experienced relaxation protocol in the past (yes),n  8(22) 3(8) N/A 27(2 N/A
(%)
Experience with VR® in the past (yes), n (%) 10(28) 8(22) N/A 03(2 N/A
STAI-Y 2 (total), mean (SD) 48.06 (3.78) 47.56 (3.56) 0.96 (1, 69) N/A 0.05
DASS-219 (anxiety), mean (SD) 3.61(1.87) 3.69 (1.95) 0.03 (1, 69) N/A 0.001
DASS-21 (depression), mean (SD) 4.46 (4.09) 5.47 (3.70) 1.18(1, 69) N/A 0.02
DASS-21 (stress), mean (SD) 8.56 (3.75) 7.69 (3.00) 1.16 (1, 69) N/A 0.02
COPE-NVI" (social support), mean (SD) 34.92 (6.36) 32.11(6.47) 3.44 (1, 69) N/A 0.05
COPE-NVI (avoidance), mean (SD) 22.83 (4.91) 23.00 (4.04) 0.03 (1, 69) N/A 0.001
COPE-NVI (positive attitude), mean (SD) 30.78 (5.03) 30.72 (5.26) 0.002 (1, 69) N/A 0.001
COPE-NVI (problem-solving orientation), mean (SD) 31.97 (5.03) 31.69 (5.27) 0.05 (1, 69) N/A 0.001
COPE-NVI (transcendental orientation), mean (SD)  17.44 (3.49) 17.31(3.47) 0.03 (1, 69) N/A 0.001
PGWBI-22 (total), mean (SD) 60.86 (6.97) 63.52 (9.48) 1.85 (1, 69) N/A 0.03
VVIQ (total), mean (SD) 58.53 (9.37) 58.39 (11.21) 0.003 (1, 69) N/A 0.001
TVICK (total), mean (SD) 41.56 (5.58) 43.44 (5.32) 2.16 (1, 69) N/A 0.03

3N/A: not applicable.

bp< 001.

®p<.01.

Ip<.05.

SVR: virtual reality.

fSTAI-Y2: State-Trait Anxiety Inventory—Form Y2.
9DASS-21: Depression, Anxiety, and Stress Scale-21.

hCOPE-NVI: Coping Orientation to the Problems Experienced—Nuova Versione Italiana.

IPGWBI-22: Psychological General Well-Being Index—22.
JVVIQ: Vividness of Visual Imagery Questionnaire.
KTVIC: Test of Visual Imagery Control.

A multivariate ANOVA was conducted to investigate whether
the groups differed in sociodemographic and psychological
characteristics before the relaxation training. A difference
between the groups was found only for age, years of education,
and marital status (Table 1).

To control for the possible impact that baseline differences
could have on the research outcomes, the effects of all these
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variables were controlled for in the subsequent analyses. The
psychological problemsreferred to by participantswererelated
to problematic relationships with parents, low self-esteem, and
relationa problems. Moreover, for individualsin the VR group,
the VRSQ was administered to assess the possible collateral
effectsof VR exposure—related nausea. On average, individuals
showed light susceptibility to general and eye-related motion
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sicknesslevels (VRSQ general score: mean 1.39, SD 1.32, range
0-4; VRSQ eye symptom score: mean 1.56, SD 1.32, range 0-5).

Objective 1: Investigate Whether PMRT Associated
With a Personalized Relaxing Scenarioin VR Can Be
More Effectivein Reducing State Anxiety, Tension
and Activation, and Heart Rate Frequency

To investigate the differences between the “Virtual Reality”
and “Guided Imagery” groups before and after the
complementary relaxation experience in session 6 (T1) and
session 7 (T2; Figures 2 and 3), we applied a repeated-measure
MANCOVA. No significant within-subject main effect emerged
(F,67=1.01; P=.37). A significant between-subject main effect
was found (F, 6,=30.56; P<.001), and the VR group showed a

Table 2. Descriptive analysis for group differences.

Pardini et &l

greater change after the VR exposure than the Gl group did in
state anxiety (STAI-Y1, F;4,=10.27, P<.001). After the
relaxation experience at T1 (t;;=—7.82; P<.001), the VR group
displayed lower state anxiety levels than the GI group both
before (t5;=—2.63; P=.01; Cohen d=0.91) and after (tg;=—7.23;
P<.001; Cohen d=2.45) the relaxation session during session 7
(T2; Table 2). Pairwise comparisons between and within the
groups were performed before and after the relaxation
experience at T1 and T2 (see also Multimedia Appendix 1).
After therelaxation sessionsat T1 and T2, the VR and Gl groups
experienced a significant decrease in state anxiety (P<.001).
Pairwise comparisons within groups highlighted a significant
reduction in perceived state anxiety at T1 and T2 for both the
VR and GI groups (Table 3).

Dependent variable, time, and group type

Values, mean (SD)

STAI-Y13(T1)
Before®
Virtual reality (n=36)
Guided imagery (n=36)
After®
Virtua reality (n=36)
Guided imagery (n=36)
STAI-Y1(T2)
Before
Virtua reality (n=36)
Guided imagery (n=36)
After
Virtua reality (n=36)
Guided imagery (n=36)

48.06 (3.52)
50.16 (5.16)

31.17 (4.54)
40.00 (4.29)

48.89 (3.04)

51.78 (3.99)

32.39 (4.33)
40.75 (4.74)

8STAI-Y 1: State-Trait Anxiety Inventory—Form Y 1.

bRefers to the assessment filled out before the relaxation experienceat Tl and T2.
CRefers to the assessment filled out after the relaxation experience at T1 and T2.
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Table 3. Within-group pairwise comparisons (Bonferroni Cl adjustment).
Dependent variable, group type, and time Mean difference (before — after) SE t test (df) Cohend
STAI-Y13(T1)
Virtual reality (n=36)
Before® and after® 17134 107 16.01 (67) 415
Guided imagery (n=36)
Before and after 9.93d 107 9.30 (67) 214
STAI-Y1(T2)
Virtual reality (n=36)
Before and after 16.58¢ 1.10 16.40 (67) 44
Guided imagery (n=36)
Before and after 10.699 1.10 10.33 (67) 2.52

33TAI-Y1: State-Trait Anxiety Inventory—Form Y 1.

bRefers to the assessment filled out before the relaxation experienceat Tl and T2.
CRefers to the assessment filled out after the relaxation experience at T1 and T2.

dp<.001.

Regarding the outcomes that emerged from the VAS, no
significant differences were observed before the relaxation
sessionat T1 (VR group: mean 3.71, SD 0.37; GI group: mean
4.13, SD 0.37; t5;=—0.76; P=.44; np2=0.009), but the groups
differed after the T1 session, with higher levels of tension
experienced by participants in the GI group (VR group: mean
1.05, SD 0.30; GI group: mean 2.06, SD 0.30; tg;=—2.23; P=.03;
n,’=0.069). The same pattern was observed at T2, with no
differences between the groups before T2 (VR group: mean
3.52, SD 0.35; Gl group: mean 4.17, SD 0.35; tg;=—1.24; P=.22,
n,’=0.022) and higher scores in tension obtained by the
individuals in the Gl group after the relaxation session (VR
group: mean 2.06, SD 1.71; Gl group: mean 2.58, SD 1.80;
ts;=—2.06; P=.04; n,°=0.060). Moreover, the levels of tension
decreased in each group after the relaxation session at T1 (VR
group: tg;=5.39, P<.001, and Cohen d=5.05; GI group: t5;=4.45,
P<.001, and Cohen d=7.20) and T2 (VR group: ts;=8.55,
P<.001, Cohen d=7.90; GI group: t5;=6.68, P<.001, and Cohen
d<6.15).

Heart rate was assessed 3 times (before, during, and after the
relaxation exposure). The Mauchly test of sphericity was
adequate for the heart rate recorded in both sessions 6 and 7
(P=.09). Heart rate frequency was found to have a significant
main effect between groups (F, ¢7=4.87, P=.01) but to be not

https://mental .jmir.org/2024/1/e48649

significant within groups (F,13,=0.51; P=.73). An interaction
between the “time of assessment” and “group” factorsfor heart
rate (Fy 134=2.22; P=.01) was observed. Specifically, individuals
inthe VR group recorded lower levels of heart rate during (mean
68.26, SD 5.49) and after (mean 69.11, SD 4.98) the VR
exposure at T1 than those of individuals in the GI condition
(heart rate during: mean 72.86, SD 5.23; heart rate after: mean
72.22, SD 4.73; -2.79<t; <-3.60; P<.01). No significant
outcomes were observed at T2.

Objective 2: Understand Whether VR Promotes a
Better Sense of Presence and Engagement in the
Scenario Compared With Gl After Session 6 (T1) and
Whether it Helps Recall the Image and Be |mmer sed
in the Relaxing Scenario in Session 7 (T2)
Individualsinthe VR group reported feeling higher engagement
after the experience than participants in the Gl group
(ITC-SOPI-Engagement:  F;5,=2.85, P=.03; n,’=0.15).
Moreover, the VR group participants reported experiencing a
more realistic environment than that experienced by individuals
who used imagination to create the scenario
(ITC-SOPI—Ecological Validity: F, 5;=4.38; P=.003; qp2:O.21).
No differences between the groups regarding sense of presence
were found (I TC-SOPI-Sense of Presence: F, 5;=1.99; P=.11,

ny’=0.11; Table 4).
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Table4. Multivariate analysis of covariance.

Pardini et &l

Dependent variable and group type

Values, mean (SD)

I TC-SOPI?-Sense of Presence (T1)
Virtua reality (n=36)
Guided imagery (n=36)

I TC-SOPI-Engagement (T1)
Virtua reality (n=36)
Guided imagery (n=36)

I TC-SOPI-Ecological Validity (T1)
Virtua reality (n=36)
Guided imagery (n=36)

I TC-SOPI-Sense of Presence (T2)
Virtua reality (n=36)
Guided imagery (n=36)

I TC-SOPI-Engagement (T2)
Virtua reality (n=36)
Guided imagery (n=36)

I TC-SOPI—Ecological Validity (T2)
Virtua reality (n=36)
Guided imagery (n=36)

60.06 (8.64)
57.00 (8.99)

46.61 (4.66)
42.42 (5.71)

19.92 (2.12)
17.67 (2.75)

52.81 (12.56)
52.69 (11.55)

40.40 (6.88)
40.36 (6.16)

17.44 (3.85)
14.17 (4.06)

&TC-SOP!I: International Test Commission-Sense of Presence Inventory.

To investigate whether VR facilitated image recall during
session 7 more than the GI technique did, the sense of presence
and engagement experiences were assessed after the relaxation
experience in session 7 (T2). Individuals previously exposed
to the personalized VR scenario referred to perceiving the same
scenario recalled in T2 as more redistic than did individuals
that, in the previous session (T1), were exposed to an imagined
scenario (ITC-SOPI—Ecological Validity: F; ¢;=3.21; P=.02,
r|p2:0. 12). No differences emerged between the groups at session
7 (T2) for sense of presence (ITC-SOPI-Sense of Presence:
F16=0.76,  P=55 n,=0.04) and  engagement
(ITC-SOPI-Engagement: F, &,=2.30; P=.07; n,’=0.12; Table
4).

Objective 3: Investigate Group DifferencesRegarding
Trait Anxiety, Depressive Symptoms, Stress, Coping,
and Well-Being

To investigate the differences in trait anxiety, depressive
symptoms, and stress between the VR and Gl groups at baseline

https://mental .jmir.org/2024/1/e48649

(TO), after session 6 (T1), and after session 7 (T2), we applied
repeated-measure MANCOVA. The Mauchly test of sphericity
was adequate only for the State-Trait Anxiety Inventory—Form
Y2 (P>.05). The Hyunh-Feldt correction was adopted for the
DASS-21 anxiety subscale. The Greenhouse-Geisser correction
was adopted for the DASS-21 depression and stress subscales.
A dgnificant interaction between the variables “time of
assessment” and “ group” factors (F, 140=3.62; P=.02) emerged.
The “Virtual reality” group had lower trait anxiety levels than
the“ Guided Imagery” group after the relaxation session during
session 7 (T2; tg;=-2.43; P=.02; Tables 5-7). No significant
interactions between “time of assessment” and “group” were

found for stress (Fpieg141=1.15 P>.05), anxiety
(F1go13256=3.11, P>.05), and depressive symptoms

(F1.16,8123=1.09; P>.05) assessed using the DASS-21.
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Table 5. Descriptive analysis of the State-Trait Anxiety Inventory—orm Y2 (STAI-Y2) at T1 and T2.

Dependent variable, time, and group type Mean (SD)
STAI-Y2
T1
Virtua reality (n=36) 42.75 (3.07)
Guided imagery (n=36) 44.11 (4.58)
T2
Virtual reality (n=36) 44.25 (4.07)
Guided imagery (n=36) 47.36 (4.29)

Table 6. Between-group pairwise comparisons for the State-Trait Anxiety Inventory—Form Y 2 (STAI-Y 2; Bonferroni Cl adjustment).

Group type Mean difference (before - after) SE t test (df) Cohend
STAI-Y2(T0) 0.78 0.98 0.80 (67) 0.14
Virtua reality (n=36)
Guided imagery (n=36)
STAI-Y2(T1) -0.17 0.99 -2.18(67) -0.35
Virtual reality (n=36)
Guided imagery (n=36)
STAI-Y2(T2) —2 762 113 -2.44 (67) -0.74

Virtual reality (n=36)
Guided imagery (n=36)

3p<,05.

Table 7. Within-group pairwise comparisons for the State-Trait Anxiety Inventory—Form Y 2 (STAI-Y 2; Bonferroni Cl adjustment).

Group type and time Mean difference (before - after) SE t test (df) Cohend
Virtual reality (n=36)
TO-T1 48323 0.94 5.14 (67) 154
TO-T2 3772 0.84 4.49 (67) 0.97
T1-T2 -1.06 0.96 -1.10(67) -0.42
Guided imagery (n=36)
TO-T1 3902 0.95 4.41(67) 0.84
TO-T2 0.23 0.84 0.27 (67) 0.05
T1-T2 -3.67 0.93 -3.95 (67) -0.73
8P<.001.
Bitalicization indicates that the P value is statistically significant.
Differenceswithin and between groupsin coping strategies and Discussion

psychologica well-being wereinvestigated at baseline (T0) and
after session 7 (T2). No significant differences were found
between the “time of assessment” and “ group” factorsfor both
the PGWBI questionnaire (F;,,=0.63; P>.05) and all the
COPE-NVI subscales (COPE-NVI-Social Support: F; 75=0.95
and P>.05; COPE-NVI-Avoidance Strategies: F; ;,0=3.01 and
P>.05; COPE-NVI-Positive Attitude: F;;,=3.59 and P>.05;
COPE-NVI-Problem-Solving:  F;7,0=0.28 and P>.05;
COPE-NVI-Turning to Religion: F; ,0=3.71 and P>.05).
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Principal Findings

Research on the use of personalized VR scenariosfor promoting
relaxation is growing, athough few conclusions on their
effectiveness have been reached. We know even less about the
usefulness of integrating standardized and evidence-based
relaxation techniques (eg, PMRT) with new technologies that
could promote the independent use by patients, providing a
more economical solution to treatment costs. As stated
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previously, the possibility of personalizing audio and visual
stimuli in a VR environment is a promising approach for
meeting users preferences and needs [22], and it has shown
encouraging results in terms of both feasibility and potential
impact on psychological well-being [18].

The general aim of this pilot study was to evaluate the impact
of a novel complementary relaxation training composed of
PMRT and the exposure to a personalized relaxing scenario in
VR aimed at reducing anxiety and promoting relaxation in a
sample of university students.

First, wewereinterested in investigating the differencesin state
anxiety between and within groups in the T1 session, where
participants were directly exposed to a virtual or imaginative
relaxation session. Although a reduction in state anxiety was
observed in both the VR and GI groups, our results highlighted
that being in a personalized virtual scenario promoted a more
significant reduction in self-perceived state anxiety and tension
than being in the imaginative condition. Our results are
consi stent with those of other studiesthat showed that VR could
be a useful tool in reducing stress and promoting relaxation
from an assessment based on self-reported measures [52].
Although the target user samplein the study by Hoag et a [53]
comprised children and young adults with acute and chronic
illnesses, our results align with their results, showing a
significant decline in state anxiety from before to after VR
exposure. Our data support the role of VR in facilitating a
powerful distraction effect on users, reducing their focus on
thoughts and external eventsthat would elicit anxiety responses
[54,55].

In addition, our data highlighted how engagement with VR
scenarios contributes to reducing perceived anxiety after the
VR experience. Indeed, it seems that exposure to the VR
scenario instead of the imaginative onefacilitates the reduction
in anxiety levels after the relaxation session. Even if our results
need to be further investigated with larger user samples, they
are aligned with those of previous studies that underlined the
potential benefit of using pleasant, relaxing, and immersive VR
scenarios for facilitating relaxation and engagement in
individuals from the general population [18,56,57]. A point of
strength of this experimental design is the assessment of the
impact that the ability to control and vividly picture mental
images may have. As we did not find differences between the
2 groupsin these abilities before the exposure to the relaxation
session in T1, we can support the observed positive effect that
exposure to a VR context can have on reducing anxiety.

Considering the VR group, our data showed similar outcomes
regarding state anxiety asthoseinvestigated at T2. Indeed, when
both groups were asked to self-administer the rel axation session,
which consisted of recalling the personalized image they had
experienced in VR or imagination at T1, those who had been
previously exposed to the personalized VR scenario obtained
lower state anxiety scores than those in the other group after
session 7 at T2. Considering that individuals in the VR group
obtained significantly lower scores both before and after the
relaxation session in T2, we confirm the hypothesis that being
exposed to the self-managed session at T2 further contributed
to lowering the anxiety level in the VR group.

https://mental .jmir.org/2024/1/e48649
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Moreover, the VR group participants perceived the recalled
scenario at T2 asmorerealistic than individualsin the Gl group
did. In addition, participantsin the VR group obtained additional
benefitsin termsof relaxation and state anxiety reduction related
toamorerealistic sensorial experiencethat played a substantial
role in facilitating the visualization of the scenario and enabled
users to focus their attention on the relaxation activities.
Consistent with other studies [55-57], this core outcome
confirms the role of immersive VR in promoting relaxation
through visualization, engagement, and immersion processes.
The prominent impact of being exposed to realistic scenarios
in VR on the enhanced visualization at T2 isakey contribution
of our study, shedding light on the impact that exposureto VR
may also have in more ecological everyday settings, such as
when people are not wearing the HMD but have the chance to
transfer the relaxation skills learned in VR to real-world
situations. Our data are consistent with those of studies that
show that a graphical representation of a scenario is more
effective in the retention and recall processes than an
imaginative representation [58,59].

Even if the aim was to compare VR scenarios with a scene on
a PC, our outcome is in line with that of the study by Krokos
et a [60], which highlighted the prominent impact of VR
scenarios on memory recall ability. The hypotheses of this study
and that by Krokos et al [60] are anchored on classic studiesin
cognitive psychology based on the method of loci [61] and the
context-dependent memory theory [62]. These theories imply
the essential role of learning and mnemonic processesin creating
an association between the mnemonic content and a mental
frame of scenarios and then recalling contents by mentally
visualizing the scenariosin which thelearning and memorization
processes took place [60]. As that presence, immersion, and
engagement in the VR scenarios imply sensorimotor
contingencies similar to those in the real world [63] and the
way we create and recall mental constructs is influenced by
perception and action in the environment [64,65], our data
coherently confirm the potential of immersive virtual
environments in enhancing learning and recall for the
intervention of vestibular and sensorimotor inputs [66].

Regarding our collected data on heart rate activity, our findings
showed a more significant decrease in heart rate frequency in
the VR group than in the GI group but only in the session in
which participants were directly exposed to 1 of the 2
experimental conditions (at T1) and not when individuals had
to self-administer the relaxation session (at T2). We derive from
the differences found at T1 that were absent in T2 that the
experience in VR was stronger and more engaging than in the
conditioninwhich individualshad to recall theimmersiveimage
without HMD support. Our data supporting previous studies
outcomes highlighted the impact of VR relaxing scenarios in
maintaining lower levels of heart rate frequency than normal
[67], but additional research is needed to deeply investigate
whether and how naturalistic and relaxing VR scenariosinduce
relaxation and stress reduction by providing feedback on
changes, for example, in heart rate frequency and variability,
respiration rate, or skin conductance.

Aninteresting result is also related to differences over time and
between groupsintrait anxiety scores. Indeed, our data showed
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that, in the VR group, the decrease in trait anxiety scoresfound
at T1 wasmaintained over time (at T2). Neverthel ess, the same
was not found for the GI group, in which a decrease in anxiety
scores was observed at T1, but it significantly increased again
at T2, returning to the baseline values (at TO). The 2 groups did
not differ at T1, and both showed positive effects of the
relaxation sessions. However, the most interesting fact is that,
when anxiety was reevaluated after a week and we asked
participantsto respond considering how they had generally felt
during the previous days, people who had used VR claimed to
have a lower level of anxiety than that of participants in the
other group. These data also need to be further investigated with
more comprehensive samples of participants but support the
claimthat VR playsacrucial rolein amplifying the effectiveness
of already validated interventions, maintaining their effect over
time.

No differences over time were highlighted in coping strategies
and psychological well-being, and this could be because our
samplewas composed of individua swithout aclinical diagnosis
and high levels of distress at baseline, or it could even betraced
back to the fact that these types of psychological constructs
require more onsand timeto highlight an effective change.

Strengths and Limitations

This contribution adds new knowledge on the importance of
customizing and personalizing digital interventions according
tothe users' perspectives, needs, and preferences[22]. Another
point of strength of this experimental design is the assessment
of the impact that the ability to control and vividly picture
mental images may have. The outcomes were gathered from a
well-designed pilot randomized controlled trial involving 2
selected groups of 72 university students whose
sociodemographic and psychological characteristics were
controlled for to balance their effect on the variables
investigated. The experimental procedure adopted supportsthe
reliability and validity of the results and conclusions presented
in this paper. However, this study has some limitations that
affect the generalizability of the findings. One limitation isthat
the results cannot be generalized to the entire nonclinical
population as our sample consisted of students from a single
university. Moreover, the fact that our sample comprised mainly
young femal e participants may be considered as selection bias
as the recruited sample may well be more receptive and
motivated to participate in the intervention compared with
people with other sociodemographic features [68]. In general,
to further generalize and validate our results’ effectiveness, the
involvement of participants belonging to clinical and nonclinical
populations, stratified according to different sociodemographic
characteristics, should be considered. The use of VR can be
helpful in overcoming several barriers that standard relaxation
procedures present asit isless costly; promotes the availability
of relaxing content that could be difficult to generate in the
imagination; and is able to promote the sense of presence,
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immersion, and engagement closer to what can be obtained in
areal-world situation but in asafer context. Thisisalso areason
for considering its further investigation based on clinical and
nonclinical samples in future studies. The preliminary results
of our study highlight the potential of VR in reducing the
number of psychotherapy sessions and their cost as it allows
for partial self-management of the treatment.

Furthermore, in the case of patients with medical problems, the
integration of VR could facilitate the administration of the
relaxation intervention during specific invasive trestments (such
as chemotherapy). If the merged administration of a customized
VR relaxation scenario and PMRT is effective in obtaining a
better subjective perception of relaxation than the standard
procedure, it could alow the users to relax with greater
autonomy. For this reason, assessing the efficacy of the PMRT
and Gl in dternative ways could extend treatment
administration, especialy in situations in which the standard
procedure is more challenging. Future studies should consider
structuring the relaxation protocol with more VR sessions to
better understand the impact of avirtual scenario on relaxation.
Another aspect to be considered in further experimental designs
isthe introduction of a control group that receives the training
session with the physical presence of atherapist. Considering
the impact of customization on anxiety and on engaging users
in the virtual scenarios, another important aspect that needs to
be considered isthe opportunity to introduce customized stimuli
based on the personal life experience of each participant in the
virtual environment. As an example, introducing olfactory
stimuli could be another essential aspect to enhance the sense
of realism, immersion, and presence in the virtual scenarios
[69,70]. A further limitation of this study is the possible
exclusion of people who are not familiar with social media.
Another limitation regardsthe limited use of objective data (eg,
psychophysiological outcomes) for measuring anxiety and
relaxation and the limited range of customization settings offered
to usersto adapt the VR environment to their preferences. The
limitations of this study can be overcome through further
investigation.

Conclusions

The main objective of psychological interventions is to offer
peopl e the opportunity to learn strategies to manage their daily
lives independently and effectively. The opportunity to deploy
VR for promoting self-management of state anxiety also in
real-world situations congtitutes an interesting line of
investigation to be further explored in future studies involving
larger nonclinical and clinical populations (eg, patients with
chronic pain) to validate and standardize relaxation protocols
integrated with new VR tools. This study has shown that
personalized VR scenarios can be effective in improving
relaxation and decreasing anxiety when integrated with the
PMRT as a complementary relaxation method, thereby
highlighting the need for further investigation.
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