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Diaphragmatic breathing and progressive muscle relaxation (PMR) are an effective way for
relaxation training and anxiety control, but their use is not common to the general public.
Today, as the need for non-face-to-face contact increases, virtual reality (VR)-based self-
training is gaining attention in public health. This study aimed to evaluate the feasibility of
the newly developed VR-based relaxation training program. Both diaphragmatic breathing
and PMR can be trained without an assistant using this VR application in three steps: 1)
learning in a virtual clinic, 2) review in a comfortable virtual environment, and 3) practice in
outdoor virtual environments. Self-training is recommended on a 3-weeks schedule with a
total of 4-6 trials per day for 4 days a week. Thirty-one healthy volunteers were divided into
the VR (n = 15) and worksheet (n = 16) groups, and participated in self-training under
similar conditions as much as possible. Multiple evaluations were performed before,
during, and after self-training. The change rates of all psychological and
psychophysiological measures before and after self-training did not significantly differ
between the two groups. The levels of tension after breathing practices showed no group
difference, whereas those after PMR practices were significantly lower in the VR group than
in the worksheet group. In the VR group, trials of outdoor practices tended to induce a
decrease of the tension level, particularly after outdoor breathing trials. The VR group gave
a practicable score of 70 points or more, average 43.5, and average 180.3 for usability,
cybersickness, and presence of this program, respectively. These results suggest that the
VR-based relaxation self-training program can be used by healthy people as a means of
relaxation. In the use of this program, diaphragmatic breathing may be used more easily,
but the benefit of using VR is higher in PMR. These findings provide justification for a
randomized controlled study of whether this program can be used for stress relief in the
general population and, furthermore, treatment of patients with anxiety disorders.

Keywords: virtual reality, relaxation, self-training, diaphragmatic breathing, progressive muscle relaxation

1 INTRODUCTION

Anxiety disorders are very common worldwide, with the global current prevalence of 7.3% (Baxter
et al., 2013). Excessive anxiety causes not only mental health problems, but also various problems
such as functional impairment (McKnight et al., 2016), poor quality of life (Prisnie et al., 2018), and
negative effects on physical health (Fields et al., 2012; Kidwell et al., 2015). Therefore, proper control
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of anxiety in daily life is very important in preventing
deterioration in physical and mental health and maintaining a
healthy life. It has been reported through a meta-analysis study
that various types of relaxation training are generally effective in
alleviating anxiety (Manzoni et al., 2008).

One example of relaxation training is diaphragmatic
breathing, which is a breathing technique that increases
breathing volume by contracting the diaphragm muscles to
provide more air to the body. Breathing therapy for anxiety
disorders using this technique has been used as a component
of cognitive behavioral therapy (CBT) (Barlow et al., 1989;
Norton and Price, 2007) or the sole component (Hibbert and
Chan, 1989; Han et al, 1996). Diaphragmatic breathing
effectively reduces anxiety in patients with a variety of diseases
in clinical settings (Jiménez-Rodriguez et al., 2019; Grinberg et al.,
2020) and in care recipients in community settings (Chen et al.,
2017). In terms of the physiological mechanism, diaphragmatic
breathing increases the partial pressure of carbon dioxide to
normal levels by counteracting hyperventilation in panic
patients (Kim et al, 2012), and has a relaxing effect on the
autonomic nervous system by strengthening parasympathetic
activity (Subbalakshmi et al., 2014). These effects may be due
to secondary responses to respiration control, but additional
mechanisms may be involved. For instance, diaphragmatic
breathing can improve sustained attention and decrease
negative affect and cortisol responses to stress (Ma et al., 2017).

Another example is progressive muscle relaxation (PMR),
which involves sequentially alternating tension and relaxation
in all of the body’s large muscle groups. This therapy has been
used as a good means of controlling anxiety in patients with
anxiety disorders (Conrad and Roth, 2007). The use of PMR also
improves quality of life by reducing anxiety in medically or
surgically ill patients (Cheung et al., 2003; Zhao et al., 2012).
In particular, cancer patients undergoing chemotherapy can
benefit from PMR to reduce their anxiety (Molassiotis et al.,
2002; Charalambous et al., 2015; Pelekasis et al., 2017). There is a
report that PMR reduces anxiety and improves the sleep quality
even in patients with COVID-19 (Ozlii et al, 2021). The
physiological mechanism of PMR is uncertain due to the lack
of related studies. However, since PMR does not depend on
breathing control, a physiological mechanism different from
diaphragmatic breathing can be expected to act, and there
have been reports of such. For instance, while both
diaphragmatic breathing and PMR provide good improvement
in psychological relaxation level, physiological relaxation as
measured by electrodermal activity was provided by PMR, but
not by diaphragmatic breathing (Toussaint et al., 2021).

According to recent technological innovations, CBT or
therapeutic training is developing into a more effective therapy
through the application of virtual reality (VR). This technology
has been most commonly applied to the management of anxiety
disorders in the field of psychiatry (Carl et al., 2019), and has also
provided a useful means for the treatment of other mental
disorders such as schizophrenia (Park et al., 2011), depression
(Migoya-Borja et al., 2020), eating disorder (Marco et al., 2013),
and various addictive disorders (Segawa et al., 2019). The reason
VR was particularly useful in managing anxiety was that it was
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advantageous for exposure to objects or situations of fear through
the ability to reproduce various daily life environments repeatedly
by grade. Accordingly, VR exposure therapy has been employed
in treating various types of anxiety, including acrophobia
(Emmelkamp et al, 2001), arachnophobia (Boucharda et al.,
2006), agoraphobia (Cdrdenas et al., 2006; Malbos et al., 2013),
fear of flying (Tortella-Feliu et al., 2011), social anxiety disorder
(Anderson et al., 2013; Kampmann et al, 2016), and
posttraumatic stress disorder (Kothgassner et al., 2019).

For individuals with anxiety, diaphragmatic breathing and
PMR are a kind of coping training that needs to be learned rather
than exposure. In fact, VR has been a useful tool for providing
efficient education and learning methods. Real-world training has
a number of limitations, such as time consuming for setting up
the site and traveling to the site, the high cost of hiring a trainer,
and the gap between the training content and the actual training
site, whereas VR-based training can reduce the cost of training
while increasing the number of training scenarios and allow
trainees to experience a virtual place related to the training
content while learning in the comfort of their personal site
(Xie et al,, 2021). In terms of the cost and site, home training
videos and websites are also useful for self-training or
rehabilitation (Moore et al., 2009; Lai et al, 2016; Palazzo
et al, 2016), but the advantages of VR technology, such as
being able to access simulated human bodies in a safe, ethical,
and repetitive way, producing objective measures of performance,
and allowing real-time feedback to trainees cannot be utilized in
these ways. Therefore, VR has been used to facilitate learning and
evaluation and improve training in numerous medical areas,
including medical education (Scalese et al, 2008), surgical
training (Alaker et al, 2016; Sheik-Ali et al, 2019), and
education of endoscopic techniques (Khan et al., 2019).

Meanwhile, the recent increase in the availability of mobile VR
equipment provides a favorable environment for personalized
learning. Accordingly, we have introduced the application of the
self-training method using mobile VR to the treatment of several
phobias (Hong et al,, 2017; Kim et al,, 2017). With the pressing
need for an option of relaxation training that is easily accessible to
individuals with anxiety, we have developed a mobile-based VR
program that would allow them to train alone. Furthermore, with
COVID-19 outbreak worldwide in 2020 and the increasing need
for non-face-to-face contact, VR-based self-managements are
gaining attention in the medical field, especially in psychiatry.
Recently, a self-management relaxation tool using mobile VR was
introduced, which used a method of gaining stability by
navigating peaceful 3-D natural environments (Veling et al,
2021). Unlike this navigation method, we developed a VR self-
training program that allows individuals to learn diaphragmatic
breathing and PMR in a virtual training room and to execute the
learned contents in outdoor environments that cause anxiety.

Our VR program is the mobile-based self-learning application
that offers relaxation training without human support. This study
aimed to summarize the implementation method of this VR self-
training program and to preliminarily evaluate its feasibility in
healthy adults before applying it to individuals with high level of
anxiety. For this aim, we compared psychological and
psychophysiological changes before and after self-training and
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FIGURE 1 | Configuration diagram of the Virtual Relaxation Training System for diaphragmatic breathing and progressive muscle relaxation (PMR).

satisfaction with use between the groups using this VR program
versus a worksheet for learning diaphragmatic breathing and PMR.
We expected that the VR group may feel more uncomfortable in use
due to frequent mechanical operations, but more easily learn the
training contents than the worksheet group. Based on these
expectations and the benefits of VR, we hypothesized that the
usability would be scored as more inconvenient in the VR group
than in the worksheet group, but the levels of tension would be lower
after breathing and PMR practices.

2 MATERIALS AND METHODS
2.1 Participants

Participants were recruited through open Internet advertisement
among healthy volunteers who were aged between 19 and
60 years. They were verified for normal intellectual level by a
clinical psychologist (HK) using Korean Wechsler Adult
Intelligence Scale-IV (K-WAIS-IV) short form (Choe et al,
2014), had no significant psychiatric illness, had no history of
brain damage or any neurological disorders, had no serious
physical illness, and were not pregnant. Thirty-one
participants who met these inclusion criteria were randomly
assigned to the VR group (n = 15) and worksheet group (n =
16) using a program containing a random number generator and
stratified randomization of sex and age. The worksheet was a 10-
page document of a text and illustrations produced by the
research team, explaining how to perform diaphragmatic
breathing and PMR. All participants signed an informed
consent form, and this study was approved by the institutional
review board of Gangnam Severance Hospital.

2.2 System Configuration and Operation

This section presents the design of our Virtual Relaxation
Training System (VRTS), is outlined in Figure 1. In the main
menu shown after the login process, two icons are presented to
the user to enter the diaphragmatic breathing module or PMR
module. Each module consists of three steps, including 1)
learning in a virtual clinic, 2) review in a comfortable virtual
environment, and 3) practice in outdoor virtual environments.
The comfortable environments in the second step are the beach
and studio, and the outdoor environments in the third step are
the elevator, theater, subway, taxis, and airplane, which are well
known places that provoke claustrophobia or panic symptoms.
These environments were created with a 3D VR animation or a
video filmed a real scene using a 360-degree 3D camera (Insta360
Pro, Insta360 Inc., Irvine, CA).

The virtual environments are displayed via the head-mounted
display (HMD), which consists of a Samsung Galaxy S9 latched
onto Samsung Gear VR allowing a 360" view with 96" field-of-
view. The users can execute the VRTS by themselves based on to
the built-in instructions presented as text on the screen or by
voice via the audio system, and can proceed to the next step by
clicking the icons with a spear-shaped cursor on the screen using
the controller, an accessory of Samsung Gear VR. The user is
informed that the training can be stopped by taking off the HMD,
when it is no longer possible to continue experiencing the virtual
environment due to cybersickness or intensifying anxiety.

2.3 Diaphragmatic Breathing
2.3.1 Step 1: Educational Breathing
By selecting the diaphragmatic breathing icon from the main
menu, the user enters the virtual clinic, in which he/she sits face to
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FIGURE 2| A training course of diaphragmatic breathing. Three steps included education breathing in a virtual clinic (A), review in a comfortable virtual environment
(B), and practice in outdoor virtual environments: elevator (C) and movie theater (D).

face with a therapist, listens to explanations, and follows the
movements. The scene in the virtual clinic was created by filming
the therapist explaining the diaphragmatic breathing method step
by step using a 360-degree 3D camera. While the therapist
explains, a circle-shaped help video of the assistant’s breathing
scene and abbreviated text tips are presented to the right of the
therapist (Figure 2A). The main content of the training consists
of inhaling for 2 s to make the stomach bulge, with one hand on
the stomach and the other on the chest, and slowly exhaling for
the next 4s. When listening and following explanations are
finished, the scene automatically goes to the diaphragmatic
breathing module menu. For users who do not need to hear
the explanation repeatedly, a skip icon is provided in the upper
left corner of the screen, and the user can move to the
diaphragmatic breathing module menu at any time by clicking
this icon. Six icons for re-entering the step 1, entering the step 2,
entering the step 3, viewing results, moving to main menu, and
ending are presented in the diaphragmatic breathing
module menu.

2.3.2 Step 2: Breathing Review

When this step for reviewing the learned techniques in a
comfortable  virtual selected in the
diaphragmatic breathing module menu, the user is placed on a
quiet beach filmed with a 360-degree 3D camera, and three icons
are presented on the screen to select a training length of 1, 2, or
3 min. The user is allowed to stay on the beach for the suggested
length of time by selecting one of them, and can relieve tension by
breathing according to the therapist’s voice guidance while
watching a help video of the assistant’s motion played in the

environment is

center of the screen (Figure 2B). After the given time has elapsed,
the scene automatically goes to the diaphragmatic breathing
module menu. The user can finish this step at any time by
clicking a skip icon provided in the upper right corner.

2.3.3 Step 3: Outdoor Breathing

When this step for trying diaphragmatic breathing in outdoor
virtual environments that simulate busy real life is selected in
the diaphragmatic breathing module menu, icons are presented
that allow the user to select one of three conditions inside the
elevator and two conditions in a movie theater so that the user can
experience tension-producing conditions on different difficulty
levels and select any condition according to his or her needs.
When one of the elevator conditions is selected, the user starts
with the scene standing in front of the elevator door, stays inside the
elevator where 2, 6, or 10 people ride together, and ends with the
scene where the door opens when arriving at the destination. This
virtual environment was created with animated graphics
(Figure 2C). When one of the movie theater conditions is
selected, the user sits in an auditorium in a dark theater and
enjoys a movie for 3 or 5 min, and the scene ends automatically
after a given time. This scene was produced in a way that an actual
movie film was played in the screen of a virtual theater environment
created with animated graphics (Figure 2D). In these
environments, the user can practice diaphragmatic breathing
according to the therapist’s voice guidance while watching a help
video of the assistant’s motion played in the upper right corner of
the screen. When the scene is over, it returns to the diaphragmatic
breathing module menu, and the user can finish this step at any
time by clicking a skip icon provided in the upper left corner.
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FIGURE 3 | A training course of progressive muscle relaxation. Three steps included education in a virtual clinic (A), movement review in a studio (B), and
movement practice in outdoor virtual environments: subway (C), taxi (D), and airplane (E).

2.4 PMR
2.4.1 Step 1: Educational PMR

By selecting the PMR icon from the main menu, the user enters
the virtual clinic, which was created by filming the therapist
explaining the PMR techniques step by step. All conditions such
as the method of creating a virtual environment, the appearance
of the therapist and assistant, the method of explaining, and the
methods of ending and skipping are the same as the
diaphragmatic breathing module (Figure 3A). The main
content of the training is to forcefully contract the muscles for
10 s and then slowly relax them for 20 s in the order of the arms,
legs, chest and abdomen, shoulders, neck, and whole body. When
the scene is finished, it automatically goes to the PMR module
menu, in which six icons for re-entering the step 1, entering the
step 2, entering the step 3, viewing results, moving to main menu,
and ending are presented.

2.4.2 Step 2: PMR Review

When this step for reviewing the learned techniques in a
comfortable virtual environment is selected in the PMR menu,
the user is placed on a studio with an empty background filmed
with a 360-degree 3D camera, and two icons are presented
on the screen to select movement review for each body part or
whole-body movement review. The user is allowed to stay in the
studio and review PMR while listening to the therapist’s voice
guidance and seeing a demonstration of the movement of the
assistant sitting in a chair and abbreviated text tips (Figure 3B).
In movement review for each body part, the assistant
demonstrates the whole-body movement in the middle, and a

circle-shaped help video located on the right side of the assistant
shows a close-up of a specific body part in the order of arms, legs,
chest and abdomen, shoulders, and neck. In whole-body
movement review, the assistant repeatedly shows the whole-
body movement in the middle without the help video. When
all of the given demonstrations have been presented, the scene
automatically goes to the PMR module menu. The user can finish
this step at any time by clicking a skip icon provided in the upper
left corner.

2.4.3 Step 3: Outdoor PMR

When this step for trying PMR in outdoor virtual environments
that simulate busy real life is selected in the PMR module menu,
icons are presented that allow the user to select one of the subway,
taxi, and airplane situations. In each situation, a variety of
conditions are presented so that the user can experience the
tension at different difficulty levels, and the user can select any
condition according to his or her needs. If selecting the subway,
the user is placed on a subway platform waiting for the train, and
icons for riding one, two, or three stops are presented. When one
of the icons is clicked, the user is moved to the inside of a subway
running on a ground section. If selecting the taxi, the user stands
next to a taxi stopped on the street, and icons are provided to ride
for 2, 3, or 5min. When clicking one of the icons, the user is
moved to the inside of a taxi trapped in a tunnel in a traffic jam. If
selecting the airplane, the user is located at a check-in at an
airport with a large number of people, and icons are provided to
flight for 2, 3, or 5 min. When clicking one of the icons, the user is
moved to the inside of an airplane flying in the sky. All of these
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virtual environments were filmed with a 360-degree 3D camera.
In these conditions, the user can practice PMR according to the
therapist’s voice guidance while watching a help video of the
assistant’s motion presented in the upper right corner of the
screen (Figure 3C). When the scene is over, it returns to the PMR
module menu, and the user can finish this step at any time by
clicking a skip icon provided in the upper left corner.

2.5 In-App Measurements and Feedback
The system is designed so that the user must respond to self-
evaluations given within the virtual world at each training trial.
The purpose of these self-evaluations is not only to assess whether
the training actually helps by comparing scores, but also to
monitor whether the training itself is on time. The in-app self-
evaluations in diaphragmatic breathing include three questions
for the level of tension after training (How tense are you now?),
comfort during training (How comfortable was your inhalation
and exhalation during breathing?), and concentration during
training (How much could you focus on breathing?). Those in
PMR are two questions for the level of tension after training (How
tense are you now?) and comfort during training (How well did
you relax in 20 s of muscle relaxation). These questions are asked
at the end of the step-2 breathing or PMR review trials. In the
step-3 outdoor breathing or PMR trials, only the level of tension is
assessed before and after the trials. All of these questions are
answered on a 11-point Likert scale from 0 (not at all) to 10 (very
much). The answers are instantly stored with login information in
a certain folder on the smartphone. By clicking the icon of
viewing results in the diaphragmatic breathing or PMR
module menu, the user can listen to advice on coping with
anxiety while seeing the results of self-evaluations placed on a
graded bar.

2.6 Recommended Schedule for

Self-Training and Self-Evaluations
Self-training using the VRTS can be implemented through the
recommended schedule of training for 3 weeks, which is detailed
in Supplementary Table 1. In the entire training period, a total of
4-6 trials per day for 4 days a week (Mon, Tue, Thu, and Fri) are
divided into morning and afternoon sessions. A total of 22 trials
of the first week consist of sequential and repetitive training of
diaphragmatic breathing from step 1 to step 3, and all morning or
afternoon sessions always include breathing review. A total of 23
trials of the second week consist of sequential and repetitive
training of PMR step 1 and step 2 and re-exercise for
diaphragmatic breathing, and all morning or afternoon
sessions always include PMR review body parts and breathing
review. A total of 23 trials of the third week consist of sequential
and repetitive training of PMR step 2 and step 3 and re-exercise
for diaphragmatic breathing, and all morning or afternoon
sessions always include breathing review. Additional training is
allowed at any step every Saturday, but this is not mandatory and
is executed at the user’s own discretion.

The self-training schedule in the worksheet group
(Supplementary Table 2) was configured to be as close as
possible to that in the VR group. In the 3-weeks training

VR Relaxation Self-Training

period, a total of 2-4 trials per day for 4 days a week (Mon,
Tue, Thu, and Fri) were divided into morning and afternoon
sessions. Participants in this group replaced Step 1: Learning in a
virtual clinic and Step 2: Review in a comfortable virtual
environment in the VRTS with reading education materials
and breathing practice on their own, respectively. However,
Step 3: Practice in outdoor virtual environments could not be
performed on them due to the impossibility of implementation. A
total of 10 trials of the first week consisted of reading an
educational material for diaphragmatic breathing and
breathing practices of various times, and all sessions always
included breathing practice. A total of 16 trials of the second
week consisted of reading an educational material for PMR, PMR
body parts, and re-exercise for diaphragmatic breathing, and all
sessions always included breathing practice. A total of 16 trials of
the third week consisted of PMR body parts, PMR whole body,
and re-exercise for diaphragmatic breathing, and all sessions
always included breathing practice. While the self-training
schedule consisted of 68 trials (total of 241 min) in the VR
group, it included a small number of 42 trials in the
worksheet group, and thus the training time per trial was
lengthened to make a total of 224 min to approximate the
total time of the VR group. Additional training was allowed at
any step every Saturday, but this was not mandatory. Self-
evaluations in the worksheet group were conducted
immediately after all breathing and PMR practices using a
questionnaire printed with the same questions and response
forms as in the VRTS’s in-app measurements.

2.7 Laboratory Measurements Before and
After Self-Training and Statistical Analyses

At the first laboratory visit prior to self-training, participants
provided demographic and clinical information. The level of
anxiety and depression was evaluated using the Hospital
Anxiety and Depression Scale (HADS), scored by 14-item 4-
point Likert measurements (Zigmond and Snaith, 1983). The
level of subjectively felt stress was assessed using the Perceived
Stress Scale (PSS), scored by 10-item 5-point Likert
measurements (Cohen et al., 1983). The objective level of
stress was evaluated by various parameters of heart rate
variability (HRV), which was measured using SA-3000P
(Medicore Co., Ltd, Seoul, Korea). These parameters included
standard deviation of normal to normal RR intervals (SDNN) and
root mean square of successive differences (RMSSD) in the time
domain and average of normalized low frequency component
(nLF), average of normalized high frequency component (nHF),
and the ratio between average of low frequency and high
frequency (LF/HF) in the frequency domain. All participants
in both groups revisit the laboratory after 3-weeks self-training,
and received the same evaluation as at the first visit and
completed the System Usability Scale (SUS), which assesses
the wusability of a tool using 10-item 5-point Likert
measurements (Brooke, 1996) and has a criterion for
determining that the score calculated by the formula is within
the acceptable range as the top 50% if it is 70 or more (Brooke,
2013). Additionally, the VR group provided responses to two
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TABLE 1 | Changes in psychological and physiological measures (mean + standard deviation) before and after self-training.

VR group (n = 11)

Worksheet group (n = 15)

VR Relaxation Self-Training

Change rate

comparison
Before After z p? Change Before After z p? Change z p°
rate rate
(%) (%)
Self-report scales
HADS, anxiety 41 +19 36 +21 -0.94 0.350 -4.7 £ 52.7 45+ 24 39=+21 -0.81 0419 -154+78.3 0.45 0.683
HADS, depression 41+18 46+23 0.88  0.380 17.4 £ 70.7 40+22 34 +19 -1.00 0.319 -6.7+495 112 0.281
PSS 167 +25 142 £+ 3.5 -1.19 0235 -15.6+32.9 128 +54 10.2 £ 4.3 -250 00183 -1566+328 -1.43 0.164
Heart rate variability
SDNN 452 +13.3 441 +£158 -0.00 1.000 —22+243 418 +184 411 +203 -045 0650 -27+226 0.13 0.919
RMSSD 327+144 356+232 0.18 0.859 6.9 +43.8 30.7 154 314 +19.1 0.06 0.955 4.7 + 454 0.18 0.878
nLF 60.9 + 18.0 61.4+204 0.18 0.859 16,51 +723 533+174 553 +20.0 0.40 0.691 122 +505 0.29 0.799
nHF 39.1 +18.0 386+204 0.18 0.859 244 +920 467 +17.4 447 +200 -040 0691 -69+650 0.34 0.760
LF/HF 22+16 3.6 +4.7 0.09 0.929 191.6 + 403.6 15+12 24+36 028 0.776 91.5+2216 0.29 0.799

HADS, hospital anxiety and depression scale; PSS, perceived stress scale; SDNN, standard deviation of normal to normal RR, intervals; RMSSD, root mean square of successive
differences; nLF, average of normalized low frequency component; nHF, average of normalized high frequency component; LF/HF, the ratio between average of low frequency and high

frequency.
AWilcoxon signed rank test.
P\Mann-Whitney test.

more questionnaires, the modified version of the Presence
Questionnaire (PQ) (Witmer and Singer, 1998) scoring from
94 to 226 points for the presence of being in the virtual
environment and the Simulator Sickness Questionnaire (SSQ)
(Kennedy et al, 1993) scoring from 0 to 235.6 points for
sicknesses felt while experiencing a VR program.

The  demographic  variables,  psychological  and
psychophysiological measures before self-training, change rates
of psychological and psychophysiological measures before and
after self-training, and self-evaluations during self-training were
compared between the VR and worksheet groups using the
Mann-Whitney test. Changes in psychological and
physiological measures before and after self-training in each
group and the self-evaluated levels of tension before and after
trials of outdoor practice during self-training in the VR group
were analyzed using the Wilcoxon signed rank test. In addition, in
order to evaluate whether self-training was being performed on
schedule, we calculated the self-evaluation execution rate, that
refers to the percentage of the number of actual evaluations out of
a total of 29 times after breathing review, 18 times after PMR
review, 14 times before and after outdoor breathing trials, or
14 times before and after outdoor PMR trials in the VR group and
15 times after breathing practice or 15 times after PMR practice in
the worksheet group. These rates were compared within and
between the groups using the Wilcoxon signed rank test or
Mann-Whitney test.

3 RESULTS

Of 15 participants in the VR group, four were considered
dropouts because they did not use the VR program properly
and had no stored data. One out of 16 participants in the
worksheet group was dropped out. Thus, the data of 11
participants in the VR group (six males and five females;
24.3 + 2.1years old) and 15 participants in the worksheet

group (seven males and eight females; 23.0 + 2.3 years old)
were used for the analysis. There was no significant difference
in intelligence quotient, education level, and the levels of anxiety,
depression, and perceived stress before self-training between the
two groups (see Supplementary Table 3).

As shown in Table 1, the VR group showed no significant
changes in the levels of anxiety, depression, and perceived stress and
all parameters of HRV before and after self-training. The worksheet
group also showed no changes in those levels except the PSS, which
was significantly decreased after self-training (z = —2.50, p = 0.013).
The change rates of all the scores did not significantly differ
between the two groups.

In the results of self-evaluations during self-training
(Table 2), the levels of tension after breathing practices
showed no group difference, whereas the levels of tension
after PMR practices were significantly lower in the VR group
than in the worksheet group (z =-2.93, p = 0.003). The levels of
comfortable performance during breathing and PMR and the
levels of concentration during breathing did not significantly
differ between the two groups.

The results of self-evaluations for the levels of tension before
and after trials of outdoor practice during 3-weeks self-training in
the VR group are presented in Table 3. In outdoor breathing, the
levels of tension tended to decrease in all trials. Significant
decreases after individual trials were found only in the trials of
elevator 10 persons, 1 min and theater, 3 min, and the decrease of
the mean tension level throughout the trials was significant (z =
-3.81, p < 0.001). In outdoor PMR, the levels of tension also
tended to decrease in all trials. Although no significant decrease
was found in individual trials, the decrease of the mean tension
level was significant (z = —3.61, p < 0.001). In the worksheet
group, there were no data comparable to these values in the VR
group because outdoor practice was not carried out due to the
impossibility of implementation.

Table 4 shows the self-evaluation execution rates as the
outcome of whether individual participants performed self-
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TABLE 2 | Results of self-evaluations during self-training.

VR group (n = 11)

Tension after breathing practice (0-10) 18+1.4
Tension after PMR practice (0-10) 16 +1.1
Comfort during breathing (0-10) 6.9+ 21
Comfort during PMR (0-10) 6.3+23
Concentration during breathing (0-10) 6.6 +2.0

VR Relaxation Self-Training

Worksheet z p?
group (n = 15)

25+13 -1.38 0.180
30+1.1 -2.93 0.003
6.9 +14 -0.49 0.646
6.2+14 0.96 0.357
72+11 -0.39 0.721

Values are mean + standard deviation. Results of self-evaluations are in-app self-evaluations after the trials of second-step training in the virtual reality (VR) group and post-trial self-

evaluations in the worksheet group.
AMann-Whitney test.

TABLE 3| Results of self-evaluations for tension before and after trials of outdoor
practice during 3-weeks self-training in the virtual reality group.

Before trial  After trial z p?
Diaphragmatic Breathing
1. Elevator 2 persons, 1 min 1.5+1.3 12+10 -113 0.257
2. Elevator 6 persons, 1 min 1.6+ 1.7 1.0+1.7 -1.63 0.102
3. Elevator 10 persons, 1 min 22+24 1.0+13 -2.03 0.042
4. Elevator 10 persons, 1 min 3.1+25 19+16 -2.04 0.041
5. Theater, 3 min 16+16 13+15 -2.00 0.046
6. Theater, 3 min 22+20 21+19 -2.76 0.783
7. Theater, 5 min 19+17 16+14 -1.00 0.317
Mean 20+ 1.9 14+15 -3.81 <0.001
PMR
1. Subway 1 stop, 2 min 22+19 19+15 -113 0257
2. Subway 2 stops, 3 min 25+ 2.1 18+14 -1.86 0.063
3. Subway 3 stops, 5 min 20+24 20+20 0.00 1.000
4. Taxi, 3 min 28+27 1.8+14 -156 0.121
5. Taxi, 5 min 3.3+3.0 22+17 -136 0174
6. Airplane, 3 min 27 +20 1.9+1.7 -1.51 0.131
7. Airplane, 5 min 27+19 1.7 +1.1 -1.63 0.102
Mean 26+22 19+14 -3861 <0.001

Values are mean + standard deviation.
AWilcoxon signed rank test.

training as scheduled. The VR group scored 11 to 29 times out of
a total of 29 self-evaluations after breathing review and 5 to
18 times out of a total of 18 self-evaluations after PMR review,

showing an average execution rate of 77.4% after breathing review
and 73.7% after PMR review and no significant difference between
these two execution rates. These rates were relatively low compared to
the average 89.2% execution rate for a total of 15 self-evaluations after
breathing practice and average 86.2% for a total of 15 self-evaluations
after PMR practice in the worksheet group, but both rates did not
significantly differ between the two groups. Meanwhile, in the VR
group, the average self-evaluation execution rates before and after a
total of seven outdoor breathing trials was 83.1%, which was higher
than the average of 70.1% before and after a total of seven outdoor
PMR trials, but the difference was not statistically significant.

The SUS scores after self-training were above 70 in both groups.
They were lower in the VR group (70.9 + 13.5) than in the worksheet
group (78.7 + 9.3), but the difference was not statistically significant.
In addition, after self-training, the VR group reported 43.5 + 32.4 in
the total SSQ score and 180.3 + 12.8 in the PQ score.

4 DISCUSSION

This study evaluated the feasibility of self-training using the
VRTS in healthy adults. It may have been burdensome to the
participants in the VR group that they had to use a device that was
not familiar with how to operate, and that they had to follow a
tight training schedule that required them to perform a total of
four to six trials per day for 4 days a week during 3 weeks.

TABLE 4 | The number and execution rate of self-evaluations in the participants of the virtual reality group.

Participant After breathing After PMR Before outdoor After outdoor Before outdoor After outdoor
Number Review (TN = 29) Review (TN = 18) breathing (TN = 7) breathing (TN = 7) PMR (TN =7) PMR (TN =7)
VO1 11 (37.9%) 5 (27.8%) 7 (100%) 7 (100%) 1 (14.3%) 1 (14.3%)
V02 25 (86.2%) 17 (94.4%) 7 (100%) 7 (100%) 7 (100%) 7 (100%)
VO3 24 (82.8%) 18 (100%) 5 (71.4%) 5 (71.4%) 7 (100%) 7 (100%)
V04 22 (75.9%) 15 (83.3%) 4 (57.1%) 4 (57.1%) 4 (67.1%) 4 (67.1%)
V05 20 (69.0%) 18 (100%) 3 (42.9%) 3 (42.9%) 7 (100%) 7 (100%)
V06 29 (100%) 18 (100%) 7 (100%) 7 (100%) 7 (100%) 7 (100%)
Vo7 29 (100%) 17 (94.4%) 7 (100%) 7 (100%) 6 (85.7%) 6 (85.7%)
V08 23 (79.3%) 10 (55.6%) 6 (85.7%) 6 (85.7%) 4 (57.1%) 4 (57.1%)
V09 26 (89.7%) 13 (72.3%) 7 (100%) 7 (100%) 5 (71.4%) 5 (71.4%)
V10 17 (568.6%) 11 (61.1%) 4 (57.1%) 4 (567.1%) 3 (42.9%) 3 (42.9%)
Vi1 21 (72.4%) 4 (22.3%) 7 (100%) 7 (100%) 3 (42.9%) 3 (42.9%)
Mean 22.5 (77.4%) 13.3 (73.7%) 5.8 (83.1%) 5.8 (83.1%) 4.9 (70.1%) 4.9 (70.1%)
SD 5.3 (18.1%) 5.2 (28.8%) 1.5 (22.0%) 1.5 (22.0%) 2.1 (29.6%) 2.1 (29.6%)

TN, total number of executions.
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Although the total number of participants was small, four out of
15 (26.7%) in the VR group were dropped out, and it is likely that
this burden was attributable to the high dropout rate. This burden
may also be the reason why the SUS scores and self-evaluation
execution rates evaluated by the VR group who completed self-
training were lower than those of the worksheet group, though
the differences were not statistically significant. These are
consistent with our expectation that the VR group would feel
more uncomfortable in use due to frequent mechanical
operations. However, since the SUS score was within the
acceptable range with an average of 70 or more (Brooke,
2013), the usability of the VRTS deserves a decent level
despite this burden.

In both the VR group and worksheet group, all psychological
and psychophysiological measures tended to decrease after self-
training, but none of these decreases were statistically significant
and the change rates showed no significant difference between the
two groups. These insignificant results seem to be due to the fact
that the measures before self-training were low within the normal
range because the participants of this experiment were healthy
adults. Considering that relaxation therapy including
diaphragmatic breathing and PMR can be an effective
treatment for patients with anxiety disorders (Hibbert and
Chan, 1989; Han et al.,, 1996; Conrad and Roth, 2007), it is
possible that meaningful results were derived if it was targeted to
psychiatric patients with high anxiety scores.

During self-training, the tension-relieving effect of
diaphragmatic breathing and PMR was measured by self-
evaluation at each trial. Because all the participants in this
study were healthy volunteers, the tension level before self-
training was very low, and thus the likelihood of a decrease
after self-training was low due to the bottom effect.
Nonetheless, there was no significant difference in the
tension scores after breathing trials between the two
groups, but those after PMR trials were significantly lower
in the VR group than in the worksheet group. These results
suggest that grasping the execution method with only a
worksheet may be relatively easy in breathing practice, but
not in PMR practice. In other words, VR program users can
easily grasp the execution method by performing the practice
while watching the actual movement and listening to the
explanation, and the advantage is maximized in PMR rather
than diaphragmatic breathing. This advantage in PMR
confirms our prediction that the VR group would more
easily learn the training contents than the worksheet group
despite the inconvenience of mechanical operations. It
should be noted that VR contents have strengths in
reputable practice, especially in unfamiliar practice
(Moline, 1997).

Training in outdoor environments was impossible in the
worksheet group and could only be performed in the VR
group. This training is a kind of experiential learning that
implies learning through direct experiences. VR technologies
allowing direct interaction with virtual environments enhance
vividness, interactivity, presence, and experientiality, and thus
makes experiential learning possible (Kwon, 2019). In this
training, trials of breathing practice generally resulted in a

VR Relaxation Self-Training

decrease in the tension scores, but those of PMR practice did
not, suggesting that diaphragmatic breathing is easier to perform
in outdoor than PMR. The fact that the self-evaluation execution
rate during practice in outdoor virtual environments was higher
at 83.1% in breathing practice than 70.1% in PMR practice,
though the difference was insignificant, may also reflect the
relative ease of diaphragmatic breathing in outdoor. It has
been reported that breathing training is superior to PMR in
controlling repetitive negative thoughts that can cause tension
(Feldman et al., 2010). Therefore, if users learn the method using
the VRTS, there is a possibility that when tension relief is needed
in everyday life similar to that implemented in the system, only
diaphragmatic breathing, which can be applied easily without
PMR, is likely to be effective. It should be noted, however, that
while diaphragmatic breathing is more effective in increasing
relaxation state, PMR is more effective in inducing physical
relaxation and disengagement (Matsumoto and Smith, 2001).
Accordingly, we believe that individuals with high body tension
or low disengagement can be particularly helped with PMR
learned through repetitive VR self-training.

In this study, immersion and safety of the VRTS were
evaluated by the degree of presence and cybersickness,
respectively. In fact, according to a recent review (Weech
et al,, 2019), these two appear to be closely related. Presence
was measured with the mean PQ score of 180.3, suggesting that
the participants experienced the VRTS with high immersion. This
is an encouraging result in that increased feelings of presence in
VR simulations can allow increased effectiveness of VR training
(Piccione et al., 2019). Cybersickness was assessed with the mean
SSQ total score of 43.5, indicating that it is tolerable to a degree
similar to or higher than the scores in previous reports (Wibirama
and Hamamoto, 2014; Gélvez-Garcia et al., 2015). The closed-
type HMD used in the VRTS is favorable to immersion, but
results in increasing cybersickness (Moss and Muth, 2011). Given
that cybersickness often leads to high dropout rates (Cobb et al.,
1999), the possibility that four participants in the VR group were
dropped out due to such cybersickness cannot be excluded.
Therefore, while our VR program is deemed to be safe,
caution for severe cybersickness needs to be warned to the users.

There are several limitations in this study. First, at this stage,
only the results of the self-evaluations that the VR user answered
after the training trials can be checked with feedback. However,
considering that the pulse rate changes rapidly depending on the
level of tension (Knight and Rickard, 2001), we can build a system
to feedback changes in the pulse rate using photoplethysmograph
(PPG) before and after the training trials. Since the accuracy and
reliability of the PPG signals are highly influenced by motion
artifacts (Lee et al., 2020) and there is inevitably a lot of body
movement during diaphragmatic breathing and PMR, a sensor of
the earlobe clip type can be used to minimize motion artifacts.
The level of tension «can be monitored using
electroencephalogram (EEG) in that changes in the amplitude
of alpha and theta waves are associated with the severity of
anxiety (Dadashi et al., 2015). The EEG sensor can be inserted
into the HMD’s forehead contact pad to detect the signals from
the frontal lobe while minimizing motion artifacts. Since a work is
underway to incorporate these biosignal-measuring devices into
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the VRTS, the results of using them may be presented in the
future in our subsequent studies. Another important limitation of
this study is that the number of samples that participated to test
the feasibility of the VRTS was too small. In addition, as the
participants were limited to young adults who are relatively
familiar with the use of electronic devices, it may be difficult
to generalize the results to the entire adult population.

5. CONCLUSION

This study evaluated the feasibility of the VRTS, including
diaphragmatic breathing and PMR, and consisting of learning in a
virtual clinic, review in a comfortable virtual environment, and
practice in outdoor virtual environments. The change rates of all
psychological and psychophysiological measures before and after self-
training for 3 weeks did not significantly differ between the VR and
worksheet groups. The levels of tension did not differ after breathing
practices between the two groups, but were significantly lower after
PMR practices in the VR group than in the worksheet group. In the
VR group, trials of outdoor practices tended to decrease the tension
level, particularly after outdoor breathing trials. The VR group gave
an acceptable level of usability, cybersickness, and presence.
Therefore, our VRTS deserves to be used by healthy individuals
to relieve tension. In particular, diaphragmatic breathing may be used
more easily, but the benefit of using VR is higher in PMR. These
results provide justification for a randomized controlled study of
whether this system can be used for stress relief in the general
population and, furthermore, treatment of patients with anxiety
disorders.
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