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Abstract

Objectives The need for remote delivery of mental health interventions including instruction in meditation has become para-
mount in the wake of the current global pandemic. However, the support one may usually feel within the physical presence of an
instructor may be weakened when interventions are delivered remotely, potentially impacting one’s meditative experiences. Use
of head-mounted displays (HMD) to display video-recorded instruction may increase one’s sense of psychological presence with
the instructor as compared to presentation via regular flatscreen (e.g., laptop) monitor. This research therefore evaluated a
didactic, trauma-informed care approach to instruction in mindfulness meditation by comparing meditative responses to an
instructor-guided meditation when delivered face-to-face vs. by pre-recorded 360° videos viewed either on a standard flatscreen
monitor (2D format) or via HMD (i.e., virtual reality [VR] headset; 3D format).

Methods Young adults (n = 82) were recruited from a university introductory course and experienced a 360° video-guided
meditation via HMD (VR condition, 3D format). They were also randomly assigned to practice the same meditation either via
scripted face-to-face instruction (in vivo [IV] format) or when viewed on a standard laptop display (non-VR condition, 2D
format). Positive and negative affect and meditative experience ratings were self-reported and participants’ maintenance of
focused attention to breathing (i.e., meditation breath attention scores [MBAS]) were recorded during each meditation.

Results Meditating in VR (3D format) was associated with a heightened experience of awe overall. When compared to face-to-
face instruction (IV format), VR meditation was rated as less embarrassing but also less enjoyable and more tiring. When
compared to 2D format, VR meditations were associated with greater experiences of relaxation, less distractibility from the
process of breathing, and less fatigue. No differences were found between VR and non-VR meditation in concentration (MBAS).
Baseline posttraumatic stress symptoms were risk factors for experiencing distress while meditating in either (VR and non-VR)
instructional format. Of those who reported a preference for one format, approximately half preferred the VR format and
approximately half preferred the IV format.

Conclusions Recorded 360° video instruction in meditation viewed with a HMD (i.e., VR/3D format) appears to offer some
experiential advantage over instructions given in 2D format and may offer a safe—and for some even preferred—alternative to
teaching meditation face-to-face.
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Most people associate virtual reality (VR) with immersive
computer graphical environments that are viewed through a
head-mounted display (HMD). An emerging body of work is
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demonstrating the efficacy of conducting meditation practices
within these graphical virtual environments, especially for im-
proving positive affect and wellbeing (e.g., relaxation; Frewen
et al., 2020; Mistry et al., 2020; Navarro-Haro et al., 2017,
2019). For example, Mistry et al. (2020) showed that, as com-
pared to closely matched non-VR meditations, VR meditation
was associated with heightened experiences of certain positive
emotions, most notably awe, particularly when the VR med-
itation preceded rather than followed practice of the non-VR
meditation in a repeated measures design. This emerging pro-
gram of research demonstrates the potential for guided
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meditation, when conducted in graphical virtual environ-
ments, to evoke salient experiences of positive affect when
compared to practicing meditation outside the context of
VR. Further, VR meditations were regarded as credible inter-
ventions for mental health problems including for trauma- and
stress-related disorders (e.g., PTSD, depression, anxiety, and
dissociative disorders; Mistry et al., 2020).

Apart from virtual computer graphical environments, an-
other form of delivering immersive VR experiences involves
acquiring real-world audiovisual footage in 360° for subse-
quent playback via HMD, that is, 360° videography. By def-
inition, such footage may appear more realistic to users in
comparison to computer simulated environments, which is
relevant in so far as perceived realism is one factor involved
in the multidimensional experience of presence within virtual
environments (e.g., compare the “ecological validity” factor in
the Sense of Presence Inventory developed by Lessiter et al.,
2001). For example, previous researchers asked participants to
follow a guided meditation while immersed into 360° videos
of pleasant surroundings (i.e., a rocky landscape with moun-
tainous backdrop) and found that participants experienced a
minimal degree of anxiety during the meditation as assessed
by self-report and both EEG increases in alpha and decreases
in beta power. However, in this study, few differences were
found even in comparison with a silent resting condition, thus
confounding the link between the two psychological states
(Tarrant et al., 2018). Another example is provided by
Bennett (2018) who also found that, although participants
reported a high degree of presence while meditating and view-
ing a 360° video of a beach scene, they did not report
experiencing a greater degree of relaxation or other positive
emotions when compared to a group of participants who prac-
ticed the same meditation administered in audio only (i.e.,
without wearing a HMD at all). These initial studies suggest
that, in contrast to VR meditations that use computer graphics
environments, practicing meditation while viewing 360° vid-
eo footage of pleasant real-world environments may produce
relatively equivalent affective responses when compared to
similar meditations conducted without VR. Simply stated,
when it comes to self-reported affective responses to medita-
tion, meditating while viewing 360° videos of pleasant envi-
ronments through a HMD seems to be neither better nor worse
than traditional meditation or simply resting.

Although one might conclude that non-significant differ-
ences between responses to 360°-video VR and non-VR med-
itation may indicate a lack of support for the former, a finding
of general equivalence between these conditions may still be a
basis for advocating the use of 360°-video VR as a feasible
and accessible alternative to delivering traditional face-to-face
meditation interventions, without compromising effectiveness
(e.g., Rizzo & Shilling, 2017). Such considerations have be-
come especially relevant in the wake of the current global
COVID-19 pandemic where, at the time of this writing, the

need to physically distance to prevent the spread of the virus
has limited opportunities for face-to-face contact, including
within the context of providing care for mental health prob-
lems such as via instruction in guided meditation practices.
Indeed, Riva and Wiederhold (2020) discussed how VR
wellbeing exercises such as relaxation and meditation could
be applied to help overcome distress and negative affect asso-
ciated with COVID-19 during the quarantine period, which
they argue has been linked to social and existential losses for
many individuals. In short, if your usual, preferred practice is
to meditate while sitting at a public beach that you can no
longer access due to health and safety regulations, or for fear
of viral infection and other conditions, viewing of an
immersive 360° audiovisual recording of a similar environ-
ment via HMD might constitute a safe alternative that offers
both a sense of presence in the environment and engenders
relatively comparable affective responses (e.g., relaxation,
mindfulness; Bennett, 2018; Riva & Wiederhold, 2020).
Nevertheless, as a possible shortcoming inherent to all pre-
vious evaluations of VR applications to meditation, the virtual
environments have been depicted only in solitude, in other
words, no other persons (including even the instructor who
is guiding the meditation) are visually depicted in the virtual
scenes. This may be a limitation in so far as meditating alone
vs. while in the company of another person(s) can differen-
tially impact one’s meditative experiences (Schnurr &
Montgomery, 2010), for example, in terms of experienced
levels of closeness and trust in others (Bowen & Kurz,
2011; Peilot et al., 2014). In fact, qualitative and
longitudinal research conducted by Solhaug et al. (2016) dis-
covered that instructor presence may help novice meditators
increase their confidence, attitudes, and commitment toward
in-person meditation, illustrating the unique value of practic-
ing with others. This is further consistent with the emphasis on
“sangha” (the community of practitioners) during meditation
practice in Buddhist psychology, which is considered to be
one of the three so-called jewels of this path, together with
Buddha (the teacher) and Dharma (the teachings) (Lauricella,
2014). Indeed Lauricella (2014) noted that in-person, face-to-
face instruction was preferred to audio recorded instruction by
as many as half of participants in a university classroom of-
fering of mindfulness instruction. It is simply not known,
however, whether these findings would also apply in the case
of the physical vs. visual presence of an instructor, for exam-
ple, as could be captured by recording a 360° video of an
instructor-guided meditation. In fact, to our knowledge, no
published research has investigated how the experience of
being guided in the practice of meditation might differ when
such instruction is provided in the traditional way of live face-
to-face interaction vs. as a playback of a previously recorded
360° video of the same instructor guiding a meditation,
viewed either via HMD or standard flatscreen (e.g., laptop)
monitor, albeit that some early work piloted the use of avatars
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in this context (e.g., Cikajlo et al., 2016), and research has
provided proof of concept of the use of VR for inducing body
swap illusions in the conduction of self and other compassion
(Cebolla et al., 2019) and provided a basis for further investi-
gations into this emerging area of potential technological ap-
plications in mindfulness instruction.

Especially within the present context of the global COVID-
19 pandemic and the associated need to restrict social contact,
the importance of evaluating different virtual methods for de-
livering interventions that promote positive affect and
wellbeing, such as guided meditation, has become salient.
The current research therefore compares the immediate affec-
tive impact of delivering instructor-guided meditation prac-
tices via three methods: (1) traditional face-to-face (in vivo
[IV] method), (2) pre-recorded 360° video viewed by standard
laptop computer monitor (2D format), and (3) pre-recorded
360° video viewed through a HMD (VR condition; 3D for-
mat). We also evaluated individual differences in response to
the meditations in terms of participants’ self-reported PTSD
symptoms due to previous findings that the presence of PTSD
symptoms at baseline represents a risk factor for experiencing
distress during meditation both outside (Zhu et al., 2019) and
inside (Mistry et al., 2020) the context of VR. In this context,
the psychological significance of instructor-guided meditation
practices may be of particular relevance to persons who have
experienced interpersonal trauma (e.g., being the victim of
physical or sexual assault) who consequently tend to be less
trusting within relationships (Williams et al., 2014), possibly
lowering their ability to benefit from instruction in meditation.

Method
Participants

The study included a convenience sample of 82 under-
graduate students, recruited through the university’s re-
search participation pool, consisting of 50 women and
32 men ranging in age from 17 to 28. Half of the group
described themselves as White with the remaining partic-
ipants being of diverse ethnicity. Referring to meditation
practice, the great majority (86%) of participants reported
“never” meditating while about one in ten reported med-
itating “but not not regularly (less than once a week).”

Procedures

The present study was approved by the research ethics board
of Western University, Canada. Participants were invited to
participate in the study by an advertisement displayed on the
university’s research participation website. Interested partici-
pants signed up for timeslots via the website and met individ-
ually with the experimenter at a predetermined location on the
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university’s campus, providing written informed consent prior
to participating. Participants were compensated with partial
course credit toward an introductory psychology course.

Participants first completed a battery of baseline surveys
termed Pre-Meditation Surveys in the “Measures” section de-
scribed subsequently.

They were then randomly assigned to complete two guided
meditation sessions, either VR or non-VR in counterbalanced
order. In other words, all participants completed a scripted,
pre-recorded 360° guided meditation by using a VR HMD
(i.e., VR, #D format) either first or second, and each partici-
pant completed a non-VR version of the same scripted guided
meditation, performed either as a live face-to-face session
(i.e., in vivo [IV] format) or by watching the pre-recorded
360° video via a laptop monitor and headphones (i.e., 2D
format). In any case, all three formats of the guided
meditation lasted approximately 5 min and referred to
scripted, trauma-informed meditation instructions that
were kept consistent across each session.

After each individual meditation, participants were then
asked to complete another battery of questionnaires measuring
their subjective responses to the meditation termed Post-
Meditation Surveys as described subsequently. They were also
briefly interviewed about what they experienced during the
meditations with an open question: “Overall, how much did
you feel the two types of meditations differed? Any com-
ments, questions, concerns, or criticisms?”’ Regarding the lat-
ter, qualitative feedback was transcribed by the experimenter
for subsequent analysis.

Referring to technical specifications, the HMD used for the
VR-360° (3D format) meditation was a Samsung Gear
Headset powered by a Samsung Galaxy 10+ smartphone
which optimized the HMD specification to accommodate a
pixel resolution of 1280 x 1440 per eye, including a refresh
rate of 60 Hz and a 101° field of view. Participants also wore
over-ear noise cancelling headphones to listen to the audio
instructions that were given in both 3D and 2D formats.

The 360° guided meditation videos were narrated and
pre-recorded by the first two student authors using a
“GoPro Fusion” 360° camera, each in their respective
lab environments where the face-to-face meditation was
also carried out, thus ensuring equivalence of surround-
ings between viewing conditions. Videos were rendered
as .mp4 files in 5.2 k resolution processing at 30 frames
per second with 360° spatial audio using the GoPro
Fusion Studio application. Pitch was lowered to — 0.85
in order to level the spherical video and orient the horizon
to an even plane. The same videos were used in the dis-
play of the 2D and 3D formats; the only difference was
thus whether the video was viewed by HMD (in the case
of the 3D format) or by standard laptop (2D format).
These videos will be included in the supplementary mate-
rials after the blinded review is completed.
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The content of the videos included meditation instruction
consistent with a trauma-informed care approach to guided
practice, as supervised by the corresponding author, a psy-
chologist with expertise in assessing and treating PTSD. The
meditation primarily involved guiding participants through a
mindful breathing exercise along with the collection of med-
itation breath attention scores (MBAS; Frewen et al., 2008).
Specifically, a meditation bowl was sounded three times at
regular intervals throughout the 5-min meditations to prompt
participants to raise one, or another, finger on their left or right
hand which indicated whether their attention was focused on
their breathing or if they had become distracted, respectively.
At the end of the study, a total MBAS from 0 to 3 was tallied
separately in response to the VR and non-VR meditations to
be statistically compared.

For all conditions, the instructor remained in the room to
ensure safety that participants were not experiencing undue
distress and to maintain that participants were actively partic-
ipating in the meditative exercises. At the end of the study,
participants were thanked for their time and efforts.

Measures
Pre-meditation Surveys

Life Experiences Survey Whether each of 47 non-traumatic life
stressors had occurred for participants within the last year was
assessed using the Life Experiences Survey (LES) (Sarason
et al., 1978) which asks about such life events as “marriage,”
“detention in jail or comparable institution,” and “death of
spouse.” Participants answered by either “No,” “Yes, at least
once,” or “Yes, many times” to each life event description
scored 0, 1, and 2, respectively, although the number of dif-
ferent types of events participants had experienced is reported
as a binary response (0 vs. 1 or 2).

Life Events Checklist for DSM-5 Which, if any, of a list of 17
different potentially traumatic events participants had experi-
enced was surveyed using the extensively validated Life
Events Checklist for DSM-5 (LEC-5) (Weathers et al.,
2013), which includes as examples “serious accident at work,
home, or during recreational activity” and “natural disaster
(for example, flood, hurricane, tornado, earthquake).” The
same response options were used as for the LES.

Adverse Childhood Experiences Questionnaire Administering
the Adverse Childhood Experiences (ACE) questionnaire
queried which (if any) of a list of 10 different categories of
caregiver dysfunction, abuse, and neglect that each participant
reported experiencing during their childhood (Felitti et al.,
1998). Examples of ACE include “often or very often feeling
that no one in your family loved you or thought you were
important or special... Or your family did not look out for

each other, feel close to each other, or support each other.”
The same response options used for the LES and LEC-5 were
used to the ACE survey.

Posttraumatic Stress Disorder Checklist for DSM-5 How often
in the last-month participants had experienced the various 20
symptoms of PTSD was assessed using the Posttraumatic
Stress Disorder Checklist for DSM-5 (PCL-5) (Blevins
et al., 2015). Participants referred to a 5-point Likert scale (0
= “Not at all” to 4 = “Extremely”) in order to make their
frequency reports for each symptom. The present study uti-
lized the recommended cut-off score of at least 33 to deter-
mine probable PTSD status (Weathers et al., 2013).

Trauma-Related Altered States of Consciousness Items
Participants’ were also asked about dissociative experiences
using the 10-item trauma-related altered states of conscious-
ness (TRASC) survey (Frewen et al., 2017; Frewen & Lanius,
2015), using the same Likert scale ratings as used to collect
responses to the PCL-5. Together with a > 33 score on the
PCL-5, participants were described as probably meeting diag-
nostic criteria for the dissociative subtype of PTSD
when they also scored at least 3 on at least one of
depersonalization and derealization items validated for
such assessment by Frewen et al. (2015).

Post-meditation Surveys

We note at the outset that responses to post-meditation sur-
veys were always scored at the item level rather than as var-
ious sub-scale or total-scale summary scores as is more con-
ventional in the literature. This approach, following previous
methods (e.g., Mistry et al., 2020), is preferred to allow a more
nuanced investigation of self-reported meditative experiences.

Satisfaction and Credibility Questionnaire Ten questions sur-
veying participant satisfaction with and perceived credibility
of each meditation as an intervention for mental health disor-
ders and increasing general wellbeing were administered as
described by Frewen et al. (2015). Response options were the
same as for the PCL-5 and TRASC surveys.

Modified Differential Emotions Scale The 20-item modified
Differential Emotions Scale (mDES) (Fredrickson et al.,
2003) was administered to assess positive and negative affec-
tive responses to the VR and non-VR meditation separately;
10 of the items assess various positive emotions (e.g., “Awe,
Wonder, Amazement”) while the remaining 10 items assess
various negative emotions (e.g., “Stressed, Nervous,
Overwhelmed”). Response to these affective descriptions
was measured using an 11-point scale (0 = “No, not more than
usual” and 10 = “Yes, much more than usual”). These item
anchors were used in order to compare response to the
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meditation as a deviation from baseline, normative experience
as was also conducted in the study by Zhu et al. (2019),
allowing a more direct comparison to their previous findings.

Buddhist Affective States Scale The Buddhist affective states
scale (BASS) consists of 10 items that have been used in some
recent studies to assess affective states described within
Buddhist psychology that were not included in the mDES, a
questionnaire first used in the study by Zhu et al. (2019).
Sample items from the BASS include “Oneness, unity, con-
nectedness” and “Sacredness, reverence, spiritual,” and the
degree to which participants experienced such states was mea-
sured using the same 0—10 scale used for the mDES, affording
direct comparability.

Meditative Experiences Questionnaire Finally, whereas the
BASS sought to assess various meditative experiences of spe-
cial relevance to Buddhist psychology, the Meditative
Experiences Questionnaire (MEQ) has been used in several
previous studies to inquire about normative, everyday kinds of
meditative experiences (Frewen et al., 2011) such as relaxa-
tion, mind wandering, physical discomfort, and fatigue; again,
the present study inquired about such experiences using the
same method of response used for the mDES and BASS.

Data Analyses

The design of the present study involved one within-group
repeated measures independent variable, namely, TYPE of
guided meditation (i.e., VR vs. non-VR). In other words, both
VR and non-VR meditations were administered to all partic-
ipants. The study also included two between-subject indepen-
dent variables, specifically, the ORDER in which participants
were randomized to complete the two meditations (i.e., wheth-
er the VR meditation was administered before or after the non-
VR meditation), and whether or not the non-VR meditation
was completed face-to-face (IV format) or, if instead, it also
involved video playback but viewed on a standard flatscreen
monitor instead of the VR-HMD (2D format). Finally, the
study involved six groups of dependent variables assessed
by numeric ratings, specifically, positive affect (nDES-PA),
negative affect (mDES-NA), Buddhist affective states
(BASS), normative meditative experiences (MEQ), medita-
tion breath attention scores (MBAS), and a general satisfac-
tion survey first used by Frewen et al. (2015) that was in turn
modeled after the questionnaire developed by Devilly and
Borkovec (2000). Taken together, this is the very same exper-
imental model and set of dependent measures as was under-
taken by Mistry et al. (2020), with the addition of MBAS, and
thus constituted a comparison study whereby the previous
publication utilized the display of computer simulated envi-
ronments, whereas the current study depicted 360° videos of
pre-recorded instructor-guided meditations. Also following
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the methods undertaken in the previous study (Mistry et al.,
2020), we surveyed responses to the VR and non-VR medita-
tions at the item level using multivariate ANOVA to control
for multiple comparisons with two-tailed statistical signifi-
cance determined at p < .05 for analyses of variance and
post-hoc tests of means (2-tailed). Inferential statistics (£
and 7) are fully reported in the supplementary materials,
whereas the main text reports obtained effect sizes (partial
eta-squared [1°-p]) only for those effects that met convention-
al statistical significance. Correlations between self-reported
PTSD symptoms and response to the meditations are also
reported as statistically significant at two-tailed p < .01.

Responses to the open-ended question were also examined
using a positivist approach to thematic analysis (e.g.,
Boyatzis, 1998; Guest et al., 2012) generally following the
procedures used by Mistry et al. (2020). Specifically, two
student researchers independently identified thematic codes
within participants’ responses that were compiled into a final-
ized set with input from the supervising psychologist.
Participant responses were then reread by the student re-
searchers to identify examples of the codes, and all instances
of disagreement were coded in final by the supervising psy-
chologist. Here, we further analyze only those codes that were
identified at least 8 times (i.e., in dialogue with approximately
a minimum 10% of participants), with the further requirement
that the number of observations was at least twice the number
of original disagreements between the student raters. Such
observations were compared for frequency of occurrence be-
tween the VR and non-VR conditions in reference to the chi-
square statistic.

Results

Participants self-reported having experienced a range of
stressful live events (0-22; M = 10.02, SD = 4.89), traumatic
life events (0-8; M =1.28, SD = 1.40), and adverse childhood
experiences (04; M = 0.71, SD = 1.07). Moreover, partici-
pants self-exported a range of DSM-5 PTSD symptoms (0—
67; M =16.29, SD = 16.79). Further, 18 participants, approx-
imately one in every five (22%), scored above the currently
recommended cut-off of 33 for probable DSM-5 PTSD diag-
nosis on the PCL-5 which is within the range of what can be
expected from previous research in other groups of similarly
recruited participants (Mistry et al., 2020; Zhu et al., 2019).
Among this subsample of 18, four (22%) met probable diag-
nosis of the dissociative subtype of PTSD (D-PTSD) indexed
by a score of at least three on at least one of the two TRASC
items described by Frewen et al. (2015). MANOVA provided
no indication that the groups differed at baseline on any of
these clinically relevant measures (i.e., implying that the read-
er may assume that grouping conditions did not differ at base-
line despite randomization). Participants randomized to
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complete the VR meditation first numbered n = 45, while the
remaining n = 41 completed the VR meditation second.

Positive Affective States At the multivariate level, the within-
group main effect of meditation TYPE (VR vs. non-VR) was
statistically significant (1°-p = .30) in the absence of any sig-
nificant interactions or main effects of the between-grouping
factors of ORDER or LIVE/VIDEO. At the univariate level,
however, meditation TYPE was statistically significant only
for one of the ten positive emotions surveyed, specifically, in
the sole case of “awe, wonder, amazement” (nz—p = .15),
which replicates results previously seen for the computer sim-
ulated environments studied by Mistry et al. (2020). A follow-
up paired #-test indicated that the VR-360° meditation was
more provocative of awe than was the non-VR meditation,
d' = .49. Results for all positive emotions surveyed are
displayed in Fig. 1 for comparison purposes.

Negative Affective States At the multivariate level, only the
interaction between meditation TYPE (VR vs. non-VR) and the
LIVE/VIDEO condition was statistically significant (r-p =.23).
Moreover, at the univariate level, the interaction was statistically
significant only for one of the ten negative emotions surveyed,
specifically, solely in the case of “embarrassed, self-conscious,
blushing” (17-p = .05). Here, follow-up between-group differ-
ences were found to be non-significant regarding feelings of em-
barrassment in response to both VR, #80) = 1.52, p = .13, and
non-VR meditations, #80) = 0.30, p = .76. Further, among par-
ticipants for whom the non-VR meditation was practiced in re-
sponse to video playback on a standard 2D computer monitor, no
differences were found in rated embarrassment between the VR
and non-VR guided meditations, #40) < 1, ns. Thus, it was only

among participants for whom the non-VR meditation involved
live face-to-face instruction that participants reported experiencing
more embarrassment during the non-VR meditation than during
the VR meditation, #40) = 2.26, p = .03, 4 = .38. To afford
comparability with the findings reported for positive affect in
Figs. 1, 2 displays results for all self-reported negative emotions
also by meditation TYPE (VR vs. non-VR) as a main effect.
Note, however, that negative affective responses were reported
with far lower intensity than were positive emotions overall (the -
axis is five-fold smaller in Fig. 2 than it is in Fig. 1). Among the
negative emotions rated, only embarrassment and stress stand out,
being rated with an average above 1 on the 0-10 scale; all other
negative emotions were rated near zero on average.

Buddhist Affective States Scale At the multivariate level, no
main effects or interactions were found to be statistically sig-
nificant, thus no univariate tests were conducted. Fig. 3 shows
descriptively that some of the Buddhist affective states sur-
veyed were experienced with moderate frequency indepen-
dent of any clear difference between the VR and non-VR
meditations, while others were experienced less saliently in
response to both VR and non-VR meditations. For example,
referring to observing, absorption, oneness, and insight, all
four of these affective states were reported to be experienced
by participants with means above 3 on the 0—10 scale, whereas
other positive emotions such as “desire, wanting, craving”
were experienced as less salient, approximating one on the
0-10 scale; negative states such as lethargy and confusion
were also rated lower overall.

Meditative Experiences Questionnaire At the multivariate lev-
el, only the interaction between meditation TYPE (VR vs.

mDES - Positive Emotions (PE)

10

w

N

[N

Amused, Awe, Grateful, Hopeful, Inspired,

Fun-Loving, =~ Wonder, Appreciative, Optimistic, Uplifted,
Silly Amazement  Thankful  Encouraged Elated
m VR 2.50 3.75 3.49 4.09 4.32
m Non-VR 2.09 2.44 3.29 3.80 4.32

*
4 m VR
H Non-VR
i . ' * -
0

Interested, Joyful, Glad Love, Prc?ud, Serene,

Ale.rt, Ha;pr ' Closeness, Confident, Content,

Curious Trust Self-Assured ~ Peaceful
4.57 3.98 2.40 2.42 6.12
4.28 3.75 2.56 2.69 5.84

Fig. 1 Results showing average response to 10 self-reported positive emotions in response to VR meditation (green) and non-VR meditation (purple).

Errors bars depict standard error of measurement
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mDES - Negative Emotions (NE)

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
- H J
00 C Emb d
Angry, Ashamed, OEZE;TPP Disgust, i Z:;fse
Irritated,  Humiliated, ‘ Distaste, P
Annoyed Disgraced Seorniul, Revulsion Canseiods;
v g Disdainful Blushing
mVR 0.65 0.36 0.27 0.06 1.10
H Non-VR 0.37 0.34 0.18 0.18 1.47

Fig. 2 Results showing average response to 10 self-reported negative
emotions in response to VR meditation (green) and non-VR meditation
(purple). Errors bars depict standard error of measurement. Note the

non-VR) and the LIVE/VIDEO condition was found to be
statistically significant (°-p = .28) in reference to response
to the MEQ. At the univariate level, this interaction was sig-
nificant for only two of the 13 surveyed MEQ ratings, specif-
ically “relaxed and calm” (n*-p = .06) and “fatigue, sleepi-
ness” (*-p = .09).

Following up the interaction with between-group #-tests
showed that while no statistically significant differences
were seen for the relaxation-calm ratings, the LIVE/
VIDEO groups differed in self-reported fatigue-sleepiness
only in response to the VR meditation, whereby the group

H VR
m Non-VR

iii

Guilty, Hate, Sad, Down- Scared, i‘terfjf)ii’

Repentant, Distrust, hearted, Fearful, OVEE: ’

Blameworthy  Suspicion Unhappy Afraid whelmed
0.30 0.17 0.39 0.36 1.18
0.34 0.19 0.65 0.44 1.09

smaller scaling of the y-axis (0-2) as compared to the positive emotional
responses illustrated in Fig. 1

who was given the live face-to-face instruction during the
non-VR meditation reported more fatigue during the VR
meditation than did the group who was given instruction
by viewing video-taped instruction on a standard comput-
er monitor; in other words, completing a guided medita-
tion with live face-to-face instruction somehow increased
the intensity of fatigue experienced during VR meditation;
#80) =2.20, p = .03, d = .46.

Further, referring to within-group follow-up #-tests, we de-
termined that, among the group who received instruction only
by playback of a video on a standard computer monitor during

Buddhist Affective States Scale (BASS)
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Fig. 3 Results showing average response to 10 self-reported affective states frequently associated with Buddhist psychology in response to VR
meditation (green) and non-VR meditation (purple). Errors bars depict standard error of measurement
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the non-VR meditation, such participants reported feeling
more relaxed and calm during the VR meditation, #40) =
2.31, p=.03, d = .40, and less fatigued-sleepy, #(40) = 2.11,
p = .04, d = .39. By comparison, within the group who re-
ceived live face-to-face instructed meditation during the non-
VR condition, no differences were statistically significant.

Meditation Breath Attention Scores At the multivariate level,
the only statistically significant effect was the interaction be-
tween meditation TYPE (VR vs. non-VR) and the ORDER in
which the VR vs. non-VR conditions were completed in (1°-p
= .05), which was thus followed up by #-tests between and
within the ORDER groups. First, between-groups #-tests
showed that the participants who received the VR meditation
first tended to be more focused on their breath during the VR
meditation than did participants who received the VR medita-
tion second, #(80) = 1.99, p < .05, d = .46; comparably, no
differences between the ORDER groups were seen in MBAS
in response to the non-VR meditation, #(80) < 1. Second, in
short, paired differences in MBAS scores between the VR and
non-VR meditations within the groups who received each
ORDER of the respective VR and non-VR meditations tended
to show non-significant differences. Specifically, within the
group who received the VR meditation first, no differences in
MBAS were seen in response to the VR vs. non-VR medita-
tion, #(40) = 1.53, p = .13. Similarly, within the group who
received the VR meditation second, no differences in MBAS
were seen in response to the two meditations, #40) = 1.30, p =
.20. Fig. 4 also shows results for MBAS compared as a main

effect between the VR and non-VR conditions as the final pair
of bar graphs.

Satisfaction and Credibility Questionnaire Finally, at the mul-
tivariate level, again, only the interaction between meditation
TYPE (VR vs. non-VR) and the IV/2D condition was found
to be statistically significant (1°-p = .28). Interestingly, at the
univariate level, the interaction was significant for 8 of the 10
surveyed satisfaction/credibility ratings that were surveyed,
specifically: (1) “credible as a way to improve self-
regulation and wellbeing” (7°-p = .06), (2) “credible as an
intervention for mental health problems including PTSD...”
(nz—p =.07), (3) “easy to complete” (nz-p =.13), (4) “helpful”
(nz—p =.08), (5) “informative” (nz-p =.05), (6) “calming” (772-
p =.07), (7) “enjoyable” (nz—p = .14), and (8) “would com-
plete again” (1%-p = .10).

Following up the interaction with between-group #-tests
showed that the distinct IV/2D groups did not differ signifi-
cantly in response to any of the satisfaction-credibility ratings
whether referring to the VR or non-VR meditation. However,
it was found that, among the group who received instruction in
meditation via 2D video playback on a standard computer
monitor during the non-VR condition, these participants rated
the VR meditation, as compared to the non-VR meditation, to
be more credible as an intervention for mental health prob-
lems, #(40) = 2.80, p = .008, d' = .43, easier to complete, #(40)
=3.42,p=.001,d = .42, more helpful, #(41) =3.27, p = .002,
d' = .45, more informative, #(40) =2.15, p = .04, d' =.26, more
calming, #(40) =2.65, p = .012, d' = .48, more enjoyable, #(40)

Meditative Experiences Questionnaire (MEQ)
& Meditation Breath Attention Scores (MBAS)
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Fig. 4 Results showing average response to 13 self-reported normative
meditative experiences and for MBAS in response to VR meditation
(green) and non-VR meditation (purple). Errors bars depict standard error
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Satisfaction and Credibility
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Fig. 5 Results showing average response to 10 satisfaction and credibility ratings in response to VR meditation (green) and non-VR meditation (purple).

Errors bars depict standard error of measurement

=2.90, p =.006, d' = .55, and an activity that they would be
more likely to complete again in the future, #40) =2.67, p =
.01, d' = .39. Comparably, among the group who received IV
face-to-face instruction in guided meditation during the non-
VR condition, no differences were found between the two
meditations except for participants to report the VR medita-
tion as overall slightly less enjoyable, #40) =2.11,p = .04, d
= .33. Fig. 5 depicts results for the main effect comparing
response between the VR and non-VR meditations.

Thematic Analysis The student researchers identified 34 non-
overlapping themes within the open-ended responses, al-
though only six met the a priori criteria for frequent and reli-
able observations (i.e., minimum 9 instances and twice the
number of instances than disagreements). Only these six
themes are therefore reported and submitted to further statis-
tical analysis which were “calming/peaceful” (n = 50), “pref-
erence” (n = 33), “HMD uncomfortable” (n = 23), “was diffi-
cult” (n = 10), “virtual environment distracting” (n = 9), and
“sleepy/was comfortable/comforting/familiar” (n = 9); six oth-
er themes were identified with an overall high frequency but
disagreements between the student raters were too high to
warrant further analysis, suggesting that instances of these
themes are more difficult to identify reliably in participants’
open-ended comments: “enjoyment,” “comfortable,” “facili-
tated focused attention,” “distractibility,” “immersive,” and
“awareness of physical surroundings.”

Referring to an explicitly stated preference (or lack thereof)
for one meditation format relative to the other, the comments
of 33 participants were coded as such, of which only two
explicitly indicated that they had no or equal preference for
the VR vs. non-VR meditation. The remaining 31 participants
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were divided essentially evenly between those who indicated
a preference for the VR meditation (n = 15) and those prefer-
ring the non-VR meditation (n = 16), with the majority of the
latter group (n = 12, 75%) receiving the live face-to-face med-
itation (i.e., only four participants who received the 2D
flatscreen video meditation indicated they preferred it relative
to the VR meditation). Note that observation of the “prefer-
ence” code afforded post-hoc comparisons between the
groups who preferred the VR vs. non-VR meditations on other
measures such as response to the satisfaction-credibility scale,
the results of which are shown in Supplementary Figure 1.
Importantly, here, it can be seen that response to the VR med-
itation is essentially the same between participants who over-
all preferred the VR in comparison to those who overall pre-
ferred the live face-to-face meditation. In comparison, in re-
sponse to the non-VR meditation, those who overall preferred
the VR meditation regarded the non-VR meditation to be
somewhat less credible as an intervention and to be less help-
ful, informative, calming, or enjoyable; they also reported
being somewhat less likely to recommend it to a friend or
complete it again themselves.

Referring to the other codes, unsurprisingly, all in-
stances of the codes “HMD uncomfortable” and “virtual
environment distracting” were observed with reference
to the VR condition. Besides, none of the remaining
codes were more significantly observed in response to
the VR vs. non-VR meditation, or further as function of
the ORDER or EYES conditions of the study.

PTSD Symptoms as a Risk Factor for Distress in Response to
Meditation Correlations between individual differences in
last-month PTSD symptoms and variability in negative
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Fig. 6 Correlations between individual differences in last-month PTSD symptoms and variability in negative affective responses to the VR and non-VR

meditations

affective responses to the VR and non-VR meditations are
illustrated in Fig. 6. Higher last-month PTSD symptoms were
associated with increased reports of feeling “angry,” “guilty,”
“sadness,” and “stressed” during the non-VR meditation. The
same results were found in response to the VR meditation, in
addition to a correlation with increased self-reported “hate”
during the meditation.

Few significant correlations were observed associating
last-month PTSD symptoms with other meditative experi-
ences; please see an exploratory Table included as supplemen-
tary materials. In short, referring first to positive emotional
responses, PTSD symptoms were associated with a greater
experience of awe during the VR meditation, but less serene
feelings during the non-VR meditation. Next, referring to oth-
er affective states described within Buddhist psychology,
PTSD symptoms were associated lethargy (sloth-torpor)—as
one of the four so-called hindrances—in response to both VR
and non-VR meditations, as well as confusion (vicikiccha) as
a second hindrance in response to non-VR meditation.
Referring to satisfaction and perceived credibility, persons
with greater PTSD symptoms reported less enjoyment in re-
sponse to both meditations, and that the non-VR meditation
was less calming. Finally, PTSD symptoms were also associ-
ated with several ratings to the MEQ in response to both
meditations: increased “unpleasant or upsetting thoughts or
memories,” increased “thoughts about planning or recent
memories,” and decreased relaxation. Further, uniquely in re-
sponse to the non-VR meditation, persons with increased
PTSD symptoms reported greater mind wandering relating
to “review of a mental to-do list,” and a greater awareness of
both the presence of others in the room and the external

environment during the non-VR meditation; these may be
indicative of a greater susceptibility to distraction accompany-
ing PTSD uniquely in response to the non-VR meditation.

Discussion

Previous research has revealed the promise of VR for inducing
positive affect in response to guided meditation practices
when conducted within pleasant computer graphical environ-
ments viewed through HMD (Frewen et al., 2020; Miller
et al., 2021; Mistry et al., 2020; Navarro-Haro et al., 2017,
2019) and has also demonstrated the application of immersive
360° videos of similarly pleasant but real-world recorded en-
vironments for use in meditation practice also viewed through
HMD (Bennett, 2018; Tarrant et al., 2018). However, as much
as these prior demonstrations have facilitated immersive med-
itative experiences in various virtual settings, these previous
meditations involved decidedly solitary activities; meditative
instructors were not visually depicted within the scenes (c.f.,
Cikajlo et al., 2016, who used avatars). In effect, these activ-
ities were absent of any experience of the sangha, that is, the
opportunity for a social experience in meditation practice
among a community of practitioners and, most especially, in
the presence of a trusted, compassionate, and competent med-
itation instructor or teacher. The present research was there-
fore conducted to evaluate response to VR vs. non-VR med-
itation while including the factor of social human presence
through the inclusion of a meditation instructor, whether ex-
perienced physically (i.e., IV condition, face-to-face) or only
perceptually (i.e., virtually, whether in a 2D or 3D visual
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format). In either case, the guided meditation was composed
of a relatively simple breath-focused meditation of only 5 min
duration during which instruction further sought to adhere to
the principles of trauma-informed care due to prior evidence
suggesting that the presence of baseline PTSD symptoms rep-
resents a risk factor for experiencing distress during medita-
tion (e.g., Zhu et al., 2019).

In comparing positive affective responses, we found that
only a single positive emotional experience differed between
the VR and non-VR meditations, specifically that of awe, thus
partially supporting our hypothesis. Such results are consistent
with the prior findings of Mistry et al. (2020) that showed that
awe was the only positive emotional experience that was rated
higher in response to VR meditation regardless of the order in
which VR and non-VR meditations took place. Moreover,
such results are consistent with much prior evidence validat-
ing VR as an effective, novel modality for provoking the ex-
perience of awe independent of meditation practice, and not
simply due to the associated novelty of the technology itself
(Chirico etal., 2016, 2017, 2018). We suspect that the benefits
of VR for inducing awe are therefore unlikely to be unique to
meditation practice but could be used to engage interest in
introducing meditation to new or novice practitioners as well
as in mental health applications (e.g., Navarro-Haro et al.,
2017, 2019). Further, given the consistent demonstration of
inducing awe using VR, future research should investigate
potential longitudinal efficacies of this pattern.

Beyond the experience of awe, however, no other positive
emotions or other affective states described within Buddhist
psychology differed prominently between the VR-360° video
(3D) and non-VR (2D) meditations in the current study. It is
also, however, important to point out that overall participants
reported experiencing only a moderate level of positive affect
during both the VR and non-VR meditations, with no ratings
except “serene, content, peaceful” having a mean greater than
five on the 0-10 rating scale that was used. Although this
differs from the stronger positive affective response to VR
meditation that were recently described by Mistry et al.
(2020), who used computer graphical virtual environments,
the current results are more so consistent with the findings
of Bennett (2018) and Tarrant et al. (2018) who did not ob-
serve significant differences in subjective emotional responses
between VR vs. non-VR meditations when the VR medita-
tions involved use of 360° videos. It is important to point out
that, in contrast to the prior studies that depicted highly pleas-
ant and provocative surroundings that are perhaps atypical to
daily life for most persons (e.g., waterfall; oceanside; moun-
tainous range), whether computer simulated or recorded using
360° videography, the current videos displayed a relatively
neutral university office setting that was essentially identical
to the one in which the participant was physically present
during all aspects of the research procedure (see also,
Cebolla et al., 2019). As a result, regardless of whether or
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not meditations were completed within VR, when participants
looked around themselves, the experience was reported as
highly similar, which is consistent with findings by Chirico
etal. (2018) whereby virtual environments designed to invoke
awe or neutral responses did so accordingly. For example, one
participant commented: “It was weird to be placed in the same
room...” when wearing the HMD.

Comparably, regarding negative affective responses, VR
meditation was reported to differ with regard to perceived
self-consciousness and embarrassment only when compared
to live, face-to-face instruction (i.e., IV format). Here, medi-
tating with an instructor face-to-face invoked greater reports
of self-consciousness and embarrassment when compared
with VR meditation. These findings suggest the intriguing
possibility that giving meditation instruction via VR may offer
a more comfortable alternative to traditional live face-to-face
instruction for certain participants, potentially due to the alle-
viation of interpersonal anxieties and awkwardness associated
with meditating especially in the social-physical presence of
another person one-to-one, as opposed to in group format.

However, other subjective differences were found between
VR and non-VR meditation when the non-VR meditation in-
volved viewing of the same pre-recorded 360° meditation video
on a standard laptop monitor (i.e., 2D format). Here, participants
reported feeling more relaxed and calmer during the VR medita-
tion while experiencing fewer difficulties maintaining their atten-
tion on their breathing or finding themselves becoming fatigued,
as compared to practicing meditation via standard laptop screen.
In this case, results suggest that the VR viewing conditions facil-
itated by wearing a HMD have some perceived benefits over the
standard computer displays for evoking relaxation and focused
attention toward breathing. These results could facilitate in-
creased engagement in VR meditative practices, including when
practical and healthcare conditions necessitate use of remote me-
diums to deliver mindfulness-based interventions including dur-
ing the present quarantine period following COVID-19. Indeed,
several participants reported being more able to focus their atten-
tion due to the inherent sensory restrictions and felt presence
evoked by the immersive virtual environment of VR. For exam-
ple, one participant, referring to the 3D (VR) meditation, as com-
pared to the 2D meditation, reported: “[I was]... more encapsu-
lated in that... ” while another participant described: “I was
immersed in it... there was nothing there to distract me. All I
could do was meditate and focus on that. ..” while finally another
participant remarked: “T liked it, it is kind of easier to focus when
your senses are kind of closed off.”” Nevertheless, indications for
improved meditative focus during VR vs. non-VR meditation as
measured by MBAS were not statistically significant, and so
such self-reports remain to be validated using objective measures
of attentional performance. Although the VR meditation repre-
sented a novel introduction to meditation for all participants in
this study, the majority tended to find it a credible approach to
learning meditation. In fact, among participants who received the
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computerized delivery of pre-recorded videos in both conditions,
the 3D-VR format of delivery using the HMD, as compared to
standard 2D-laptop viewing of the same videos, was rated as a
more credible intervention for mental health problems, easier to
complete, more helpful, more informative, more calming, and
more enjoyable. Consequently, such participants indicated that
they would also be more likely to practice meditation again in
these conditions, when compared with the standard computer-
ized displays. These findings seem highly relevant to consider in
light of the current global viral pandemic and the consequent
need for evidence-based virtual mediums for delivering mental
health interventions in either case. Thus, VR experiences provid-
ed by means of pre-recorded 360° videos viewed via HMD
would seem to present a viable alternative for accessing remote
meditation instruction, which may prove advantageous in ad-
dressing barriers to face-to-face mental healthcare such as cost,
transportation, and distance, and is especially relevant given the
current need to control the spread of infectious disease via phys-
ical distancing (Rizzo & Shilling, 2017).

These points notwithstanding, among participants who re-
ceived live face-to-face instruction instead of via standard lap-
top viewing, the VR meditation was rated as overall less en-
joyable and more fatiguing. Further, approximately equal
numbers of participants reported in open-ended comments
that they preferred the VR and IV (face-to-face) conditions.
These findings underscore the perceived unique merit of face-
to-face practices for at least some practitioners. It seems likely
that many meditators will ultimately continue to prefer the true
physical rather than only virtual-perceptual presence of the
sangha and meditation teacher.

Finally, despite our use of a trauma-informed care ap-
proach to the narration of the meditation instruction, we found
that participants with elevated PTSD symptoms at baseline
(pre-meditation) were still more likely to experience distress
during the meditations, including indicators that participants
experienced unpleasant and upsetting memory recall during
the meditation (although it was not specifically assessed
whether traumatic memory recall was re-experienced per se).
Further consistent with the prior findings of Mistry et al.
(2020), such distress was often experienced during both VR
and non-VR meditations, albeit that certain associations ap-
peared specific to the non-VR meditation. Overall, these find-
ings underscore previous cautionary notes regarding the con-
duct of meditation practices with persons with PTSD symp-
toms so that such practices are not unduly upsetting to partic-
ipants (Mistry et al., 2020; Zhu et al., 2019).

Limitations and Future Research Directions

Although we believe the results of the current study are
important, associated limitations are also important to
acknowledge. In terms of generalizability, the study on-
ly included young, educated adults; therefore, our

results may somehow be particular to that group. As a
limitation shared with previous related studies, evalua-
tion of these approaches in persons of other demograph-
ic characteristics is thus important. Beyond that, we rec-
ognize that our comparison between face-to-face medi-
tation instruction and that delivered through the use of
VR via HMD was confounded by the time in which the
meditation instruction occurred. In other words, whereas
face-to-face instruction occurred live, the video-based
instruction provided through use of HMD and standard
laptop viewing only involved a pre-recorded video play-
back. Although we sought to ensure comparability of
these conditions by adhering to a common script for
narration of the meditation, a stronger methodology
would have entailed live streaming of the video instruc-
tion such that both guided meditations were based on
instruction occurring in real time.

Furthermore, our virtual pre-recorded sessions took place
in the same environment and physical proximity to the instruc-
tor, and we recognize that this represents a scenario of unlikely
real-world application (c.f., Cebolla et al., 2019). In other
words, it is more likely that virtual instruction would be pro-
vided to participants at home or remotely rather than also in
the very same setting as face-to-face instruction. Although this
choice maximized the internal validity of our experiment as it
pertained to holding the context of physical setting constant,
the expected utility of VR and non-VR computer applications
to meditation instruction would rather seem to relate to their
portability, facilitating physical distancing by obviating the
need to attend meditation instruction in person. A future study
should therefore evaluate the impact of actual remote or vir-
tual delivery of meditation sessions by comparing VR (HMD;
3D) and non-VR (2D) formats. Finally, future research could
also directly compare the impact of the two kinds of VR ex-
periences described herein: computer graphics vs. 360° vide-
ography of similar virtual environments.

We conclude that, overall, providing scripted one-on-
one instructor-present guided meditation practices virtual-
ly using 360° videos viewed via HMD represents a viable
alternative to providing the same instruction face-to-face
or via standard flatscreen (e.g., laptop) monitors.
Participants considered this approach to be highly satis-
factory and credible in application to interventions for
trauma- and stressor-related disorders overall, and approx-
imately half of the participants who explicitly voiced a
preference for one or the other meditation format indicat-
ed a preference for the VR format. Moreover, meditating
in the context of VR was associated with a heightened
experience of awe overall. Further, when compared spe-
cifically with face-to-face live instruction in the traditional
manner, VR meditation was reported to be less
embarrassing, although it was also reported to be less
enjoyable and more fatiguing by some individuals. In
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contrast, when compared with viewing the same medita-
tion on a standard flatscreen, which we regard to be the
more relevant comparison in the current context of a glob-
al viral pandemic (wherein physical distancing is neces-
sary and face-to-face instruction may simply not be a vi-
able option for at least some time), on the basis of the
present research, one can expect VR meditation to be
associated with more relaxation, less distractibility away
from breath sensation, and less fatigue. Further, assessed
by reported attention to breathing at various intervals dur-
ing the meditation, similar levels of attention were found
in response to the VR and non-VR meditations, further
suggestive of similarities between the experience of the
two formats of practicing meditation. Nevertheless, cau-
tionary notes regarding the risk for experiencing distress
among persons with PTSD symptoms appear to continue
to apply both in the case of VR and non-VR meditations.
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