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Abstract. Practicing mindfulness-based stress reeducation and other contem-
plative practices generates a number of health and human performance benefits.
However, limited access to qualified training and practice support, as well as
poor practice environments, makes it difficult to sustain the habits necessary to
develop the attentional regulation skills needed to benefit from mindfulness. In
this paper, we report on our research, which focuses on developing immersive
environments to support mindfulness-based stress reduction practices. We
specifically look at how the design of a virtual environment can foster a
restorative experience, if that restorative experience is associated with the depth
of the meditation session, and if there are associations between presence and the
depth of the meditation session and the restorative properties of the virtual
experience. Results show there are significant relationships between the three
core concepts, suggesting future work is needed to determine if there are causal
relationships exist between the presence, meditation depth, and perceived
restorativeness. Understanding how the design of virtual environments may
facilitate mindfulness and other contemplative practices has implications for
promoting the use of the practices in a variety of contexts.
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1 Introduction

There is growing empirical evidence demonstrating the efficacy of contemplative
practices and mindfulness-based interventions for treating and managing physical and
mental health problems; as well as improving attentional regulation [33]. One of the
most widely studied programs is mindfulness-based stress reduction (MBSR) which
helps veterans with post-traumatic stress disorder [7]; patients with chronic pain [30];
as well as job stress and interpersonal relationships [3, 29].

Although we know that training in contemplative practices can benefit individuals in
various professions, we find that accessibility to qualified trainers, time commitments
associated with attending guided practices, environmental distractors, and lack of social
support can make sustained engagement with training and practice difficult. The
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effectiveness of mindfulness and other contemplative practices are dependent on quality of
instruction and group instruction is the prevailing format of delivery. However, access to
qualified instructors is limited andmanypeople oftenfind that access to groups is limiteddue
to time and travel constraints, coupled with limited class offerings. Veterans and active duty
military who are juggling multiple priorities face extra time constraints and are often in
isolated environments where it is difficult to find other individuals to practice with.

Our ongoing research focuses on the question of whether immersive technologies
can increase access to mindfulness and other contemplative practices. We identified
three areas to focus where immersive technologies can help. First, we are exploring
whether immersive environments like virtual and mixed reality (VR, MR) can be
designed to provide a comfortable and engaging space to practice mindfulness. Second,
whether technology-based solutions can adapt the to the learner to optimize the skill
acquisition process. For novice meditators that may be a secluded and quiet virtual
forest with basic guided meditations, while more advanced practitioners may want
specific feedback on aspects of their practice or to be exposed to more challenging
scenarios where attention is harder to maintain. Second, whether virtual environments
can support the social component of practice, including group meditation, to mitigate
geographical challenges and practice such that geographically distributed users can
experience the social interactions necessary to learn contemplative skills like MBSR.

This paper reports on the first question related to whether virtual environ-
ments can serve as a comfortable and engaging space to practice mindfulness. Our
current research focuses on providing basic instruction in awareness of breath
(AOB) and sitting meditation in virtual nature environments. We are specifically
working on fine-tuning virtual environments to assist people who may have difficult
with meditation practice due to personal barriers and environmental distractions that tax
limited attentional resources. This report presents our research process related to cre-
ating an optimized environment for people to learn mindfulness-based meditation. The
specific research questions guiding this paper are – Can virtual nature immersive
environments have restorative properties? and Do the virtual nature immersive envi-
ronments improve the quality of a meditation session?

2 Theoretical Framework and Research Questions

Our teams’ research focuses on developing interventions to help high stress populations
manage their stress effectively through the use of complementary health practices. In
particular, we focus on questions related to the efficacy of mindfulness-based practices
for self-regulation of emotions and behaviors, based on the mindfulness-based stress
reduction MBSR curriculum [22].

Mindfulness and other contemplative approaches require regular practice for sus-
tained change. However, many people find engaging in regular practice difficult, as
noted by Grow and colleagues who found daily practice drops off significantly [17].
For those of us who are interested in developing tools to make mindfulness more
widely available, one of the core challenges we face is making is easier for people to
maintain a consistent practice schedule because consistent and frequent practice
accelerates the skill acquisition process [13].
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One of the fundamental skills associated with contemplative practices is attentional
regulation. The ability to engage in advanced techniques is predicated upon the ability
to monitor and direct one’s attention. Some of the early training novices receive in
mindfulness-based intervention is on breath awareness and focus, which helps the
participant learn to monitor their attention and redirect it as necessary. Part of the
mindfulness practice is to set aside time each day to work on managing attention. In
some sense, there is a feedback loop between attentional regulation and quality of
mindfulness practice. Attentional regulation makes it easier to practice mindfulness, but
practicing mindfulness improves attentional regulation. As other researchers have
noted, many people who need or want to train their attentional regulation skills have
difficulty focusing, which makes mindfulness practice more difficult [2, 12, 26].

There are several factors that make it difficult to direct one’s attention. There are
external factors, such as noise and light pollution, and internal factors, such as stress,
that make it difficult to focus on mindfulness practices; this is especially true for
novices [26]. When we say something acts as a drain on attentional resources, we are
adopting the position that attention is a limited resource, and chronic stress and/or
intense focus will deplete that resource [25]. Therefore, if someone is chronically
stressed or they are distressed, they have difficulty focusing. Mindfulness can help
mitigate the negative consequences of stress, but one needs to be able to focus in order
to practice mindfulness. If stress has depleted a person’s attentional resources, they
cannot tune out distractors to focus on the practice. In situations where there is a
confluence of factors, such as chronic stress and distracting environments, serving to
impede practice, we can leverage aspects of technology to mitigate those impediments.
Thus, we specifically look at whether virtual reality environments can help mitigate the
effects of chronic stress on attention fatigue through simulation of natural environ-
ments, and whether a controlled virtual environment increases the quality of meditation
sessions because of its ability to mitigate the effects external stimuli.

With respect to directed attention fatigue, attention restoration theory [18, 23] posits
that attention is a limited resource that is frequently depleted through stress and over
taxation due to excessive stimulation and cognitively demanding environments.
Research has shown that natural environments have inherently restorative properties, if
they cultivate a sense of being away, extent, compatibility, and soft fascination [23]. In
fact, there is a larger movement of research on biophilic design principles, which
focuses on the ways in which the integration of nature into our built environments
affects us physiologically and psychologically [31]. These design features include:

Extent is the quality of environments that leaves you totally immersed. An envi-
ronment that satisfies the extent quality has both coherence and scope such that it
constitutes a “whole other world” [23].

Compatibility broadly refers to the match between the person and the environ-
ment. Kaplan argues there are two types of compatibility. The first is information
compatibility, where a person understands exactly what he or she can do in that
environment with little effortful direction of attention towards decision making [24].
The second type of compatibility is motivational compatibility, where there is a match
between what the environment affords and what the person wants to do.

Fascination can either be hard fascination, where your attention is held easily by a
fascinating activity (like a game), or soft fascination, where your attention is held by a
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less stimulating activity. Our work focuses more on soft fascination, where we create
virtual environments to gently relax one’s attention to ease them into the practice of
meditation [23].

Being away refers to the sense of being separated from usual concerns and the
environment those concerns arise from [23].

If an environment meets several of these criteria, it can increase the perceived
restorativeness of the environment [18]. A restorative environment promotes the
recovery of mental resources and well-being [9, 18]. Lymeus et al. [27] argue that a
restorative environment refreshes the mental capacity of individuals and can thus make
a meditation session more productive, particularly for novice practitioners. Our first
research question is – what is the relationship between perceived restorativeness of an
environment and the quality of the meditation session? Two questions that would help
us answer that question are – (1) Do any of the factors associated with perceived
restorativeness have a stronger relationship with the quality of the meditation session
than the others?, and (2), Is it possible that certain factors are necessary, but not
sufficient for quality meditation sessions?

Any time we design a virtual environment to have restorative properties, we need to
identify ways in which we can maximize the user’s sense of extent, compatibility,
fascination, and being away with the virtual environment. Before we can meet any of
those criteria, the user needs to feel present in the virtual environment. The concept of
physical presence, or the sense of “being there”, best captures what we need to opti-
mize [32]. However, the exact relationship between presence and perceived restora-
tiveness of the environment has yet to be determined; therefore, we are not proposing a
causal model in this paper.

In the past, we could argue that a sense of presence is required before the media
produced the desired psychological effects. However, recent research has shown that
certain elements of a virtual environment might induce higher levels of presence if the
element or stimuli has a significant relationship to emotions outside of the virtual
environment. For example, the presence of phobia inducing stimuli in a VE increased
the subjects’ sense of presence [14]. It may be possible that there is a positive, causal
relationship between compatibility and presence or that several variables related to the
design of the VE mediate the relationship between presence and the factors of per-
ceived restorativeness. Based on the uncertain relationships between the constructs of
presence and perceived restorativeness, we identified our second research question -
What is the relationship between physical presence and the perceived restorativeness
of an environment? Sub-questions related to that question are - Do any of the factors
associated with perceived restorativeness have a stronger relationship with the presence
than the others?

3 Methods and Measures

3.1 Testbed and Environment

For this study, we built a custom virtual reality-based meditation app to test the rela-
tionships between concepts outlined in the theoretical framework section above. The

520 M. R. Costa et al.



meditation area was designed with specific features that other researchers have found to
be critical to creating the sense of nature that is required for restorativeness. More
specifically, the meditation area was an open forest scene next to a waterfall and stream
with running water. We have trees and grass swaying gently in the background.
Additionally, we incorporated bird song and scenic views into the virtual environment.
We also set the environmental conditions to a bright, sunny day with clouds periodi-
cally passing overhead (Fig. 1). Part of the experiment included a 10-min guided
meditation, which was recorded by a member of the research team who is a certified
Mindfulness-Based Stress Reduction coach; the track was edited by local sound
engineers to improve the sound quality of the track.

The MIND Lab has a suite of sensors and data collection computers supporting the
virtual environment. We displayed the virtual environment on an HTC Vive while the
subjects were seated in an office chair. The virtual environment was configured to send
signals to a suite of sensors when certain interactions or events happened in the virtual
environment (see below). The suite of sensors includes a BOPAC system with galvanic
skin response (tech specs), and ECG (tech specs), and a 52-channel Hitachi functional
near infrared spectroscopy system (fNIRS) (tech specs) to capture participants’ neural
hemodynamics. Signals from the virtual environment to the sensors were time locked

Fig. 1. A nature-inspired theme with running water and birdsong
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via a custom Arduino setup, which allows us to compare data from different sensors
that sample at different frequencies.

3.2 Protocol

Adult subjects were recruited from Syracuse University and the surrounding Syracuse,
New York community. Exclusion criteria included epilepsy and advanced neurode-
generative diseases (e.g. Parkinson’s Disease). Subjects were invited into the lab, where
they were greeted and given a brief explanation of the experiment. After listening to the
lab manager’s explanation, the individuals were placed in front of a standard computer
and given access to a digital version of the informed consent document. If the par-
ticipants agreed to the informed consent, the digital survey would proceed on to the
pre-test measures; if the subjects declined to give consent, they would be thanked for
their time and be allowed to leave. No subjects declined to participate. At the end of the
pre-test surveys, the survey system displayed a thank you message along with infor-
mation on the next steps. The lab manager explained how the virtual reality headset
worked and what was going to happen over the next ten minutes. The manager used the
following text:

In a moment we will place the headphones on your head and outfit the sensor
[fNIRS] over the headset. Once that is set up, we will begin the meditation track. Please
follow the instructions of the audio track as best as possible. If you feel your mind
wander, pull the trigger on the control [technician demonstrates which trigger to pull].
Once you are done, let the technician know and they will help you remove the headset.

After the participants acknowledged that they understood the next steps, they were
connected to the physiological sensors and the headset and headphones were placed on
their heads and adjusted for comfort. We asked the subjects to indicate when they
noticed their mind wandering so we incorporate feedback in the future to bring
attention to the wandering mind; that feedback system will be built on a classified that
identifies, from the physiological data, when a person’s mind is wandering.

The mindfulness track incorporated elements of awareness of breath The narrator
also leveraged stimuli in the virtual environment as objects of focus for the track,
including the swaying grass, falling water, water running down the stream, and passing
clouds. The audio track began one minute and thirty seconds after the participants
entered the virtual environment. We delayed the onset of the track because we noticed,
even among members of the research staff, that people who entered the virtual envi-
ronment needed a few moments to get settled in the space and to look around.

When the track was complete, the technician removed the fNIRS cap, headphones,
and virtual reality headset from the subjects. The technician then removed the
remaining sensors and asked the subjects to complete the post-test measures via an
online survey. After the subjects completed the survey, they were thanked for their time
and informed them that the experiment was complete.

3.3 Measures

Pre-test measures included a basic demographic survey, which included self-reported
measures of meditation experience (style of meditation and estimated hours practiced),
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whether the subject had ever attended a meditation retreat, and veteran status. We asked
subjects to provide self-reported measures of total practice and experience with retreats
per [15] because both total practice time and time spent at retreats has been found to
affect a person’s overall mindfulness and the level of physiological changes associated
with long-term meditation. Participants also completed the following self-reported
measures:

Five Facets of Mindfulness Questionnaire (FFMQ; [4]) [Pre-test]. FFMQ is a 39-
item, five factor instrument designed to capture one’s mindful disposition towards daily
life. The five factors are: observing, describing, acting with awareness, non-judging of
inner experience, and non-reactivity to inner experience.

Positive and Negative Affect Scale – Short Form (PANAS-SF [34]). [Pre- and
Post- test] We used a modified version of the PANAS-SF, worded to capture the
strength of their current positive and negative moods. Subjects completed both a pre-
and post- test PANAS to capture changes in mood due to the mindfulness session.

Perceived Stress Scale (PSS [11], 1983) [Pre-test]. PSS consists of ten items
grouped into two dimensions – positively and negatively worded questions related to
how one appraises the stressfulness of situations in their life.

Perceived Restorativeness Scale (PRS [18]) [Post-test] PRS is a four-factor, 26-
item scale intended to capture properties of natural environments that are expected to
facilitate emotional and attentional rejuvenation.

SUS Presence Questionnaire (SUSPQ, [18]) [Post-test] SUSPQ has six questions,
focused on three presence indicators: sense of being there, extent to which the virtual
environment becomes more “real” than reality, and the extent to which the virtual
environment is thought of as a place visited [6].

Meditation Depth Questionnaire (MDQ [28]) [Post-test]. MDQ was Developed
to measure the depth or intensity of a meditation experience while simultaneously
being agnostic to the school of meditation. The thirty-item scale has five factors –

hinderances, relaxation, personal self, transpersonal qualities, and transpersonal self.
The following physiological instruments were used to capture data during the

experiment:
Electrodermal Activity (EDA) for arousal [5]. BIOPAC MP-150 system, data

transmitted wirelessly with BIONOMADIX, data collected with BIOPAC’s
Acknowledge Software. The sampling rate was set at 2000 Hz. Raw data from the
module pair is bandlimited from DC to 10 Hz for both channels. Two sensors were
placed on the participant’s non-dominant hand.

Electrocardiogram (ECG) for heart rate variability for arousal [5]. The module
pair has a fixed gain rate of 2,0000Db, with bandlimits from 1 Hz to 35 Hz. Two
sensors were placed on the participant’s collar bone and a ground electrode on the right
hip using the BIOPAC MP 150.

Respiration Sensor (RSP) for breath rate. Raw RSP data from the module pair is
bandlimited from DC to 10 Hz, to provide for the measurement of relatively static
respiratory conditions, such as cessation of breathing, up to the extremely rapid res-
piratory effort variations (up to 600 breaths per minute) associated with coughing or
sneezing. An elastic band with a pressure sensor was wrapped around participant’s
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chest so that the pressure sensor was located at the inferior section of the participant’s
sternum using the BIOPAC MP 150.

Function Near Infrared Spectroscopy (fNIRS) for hemodynamic patterns of
the brain for assessing cognitive states [19, 21]. Captured with a Hitachi ETG-4000,
sampling oxygenated and deoxygenated hemoglobin at 10 Hz. Probes were placed in
2, 3 � 5 arrangements above both the right and left frontal cortex, which resulted in 24
channels of data.

4 Analysis

This paper focuses on the associations between mindfulness disposition via the Five
Facets of Mindfulness Questionnaire, sense of presence experienced by participants in
the virtual environment via the SUS Presence Questionnaire, perceived restorativeness
of the virtual environment via the Perceived Restorativeness Scale, and quality of the
mindfulness session via the Meditation Depth Questionnaire. We will report on the
associational relationship among the other measures in subsequent publications.

4.1 Descriptive Statistics and Measure Assessment

Twelve subjects participated in the study (Female = 5), ranging in age from 20–54
(M = 32.92, SD = 11.22). Five of the subjects had a master’s degree or greater, five
either had no degree or some college but no degree, and the remaining had college
degrees.

Six of the subjects practiced meditation in the past, covering a variety of styles,
including focused attention meditation, yoga meditation, body scan meditation, and
transcendental meditation. Of the six subjects who have practiced meditation in the
past, three participated in retreats. The least experienced practitioner had about one
hour of meditation experience, the most around 10,000 h (M = 110 h, SD = 3996).

Table 1 summarizes the descriptive statistics for the four main variables. Results for
tests of normality in the last column (p > .05) indicate the data adhere to a normal
distribution (Fig. 2). The Presence Scale is calculated differently in that the final score
is a count of all instances where a participant rated an item a 6- or a 7- on the Likert
Scale [6].

Table 1. Descriptive statistics and normality tests for main variables

Measure Mean CI (95%)
Lower/upper

S.D. Shapiro-Wilk p

Five facets mindfulness 3.370 3.165/3.574 .323 .974 .947
Perceived restorativeness 3.435 2.966/3.905 .739 .966 .865
Meditation depth 2.694 2.253/3.135 .694 .951 .649
Presence 1.167 .632/1.70 .835
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We attempted to conduct confirmatory factor analysis on the variables with mul-
tiple scales (Five Facets of Mindfulness, Perceived Restorativeness, and Meditation
Depth Questionnaire), but the sample size was too small to produce results. The (sub)
scales were also tested for internal consistency; all but two scored in the acceptable to
good range (0.7 < a < 0.9), except for Presence scale and the Describe subscale from
the Five Facets of Mindfulness questionnaire (see Table 2).

Another area where we expected to see divergent patterns is in the meditation depth
results. Some of the factors and their associated items were written to ostensibly written

Fig. 2. Boxplots for main variables

Table 2. Reliability analysis

Scale Subscale No. items Cronbach’s a

Five facets of mindfulness Observe 7 .806
Describe 8 .698
Act 8 .891
Non-judgmental 8 .883
Non-reactive 7 .812

Perceived restorativeness Away 5 .883
Fascination 8 .871
Coherence 4 .707
Compatibility 9 .838

Meditation depth questionnaire Hinderances 6 .756
Relaxation 3 .893
Transpersonal qualities 8 .799
Transpersonal self 6 .810
Personal self 7 .857
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to apply to all types of meditation [28], but do not necessarily apply to mindfulness-
based stress reduction. For example, There was no meaning of any meditation tech-
niques any more, I felt myself at one with everything, because of its secular bent. In the
future, we expect to collect additional data to support more detailed analysis of the
relationship between meditation experience and reported meditation depth.

4.2 Correlations

Two-tailed Pearson’s correlation analyses were run among presence, perceived
restorativeness, and meditation depth. We also tested for correlations between medi-
tation depth and general mindfulness to determine if a predisposition towards mind-
fulness impacted the quality of the meditation experience.

The relationship between meditation depth and perceived restorativeness of the
experience was more pronounced (see the five significant correlations in the last col-
umn of Table 3). The sense of being away was positively and significantly correlated
with hinderances (r = .842, p = .001). As a sense of Away increased, Hinderances,
such as I found it difficult to relax, and There was a constantly change of thoughts in my
mind, decreased. Positive correlations are shown in Table 3 because the values were
reverse coded for Hinderances. The sense of being Away was also positively correlated
with Relaxation (r = .847, p = .001), Transpersonal Qualities (r = .690, p = .013), and
General Meditation Depth (r = .767, p = .004). Relaxation also had significant cor-
relations with Fascination (r = .580, p = .048) and Compatibility (r = .672, p = .017).
Compatibility was significantly correlated with Transpersonal Qualities (r = .700,
p = .011) and General Meditation Depth (r = .680, p = .020). Overall Perceived
Restorativeness had positive correlations with all factors of Meditation Depth except
Transpersonal Self.

Table 3. Relationships between meditation depth and perceived restorativeness of the virtual
environment, along with factors

Perceived restorativeness

Away Fascination Coherence Compatibility Perceived
restorativeness

Meditation
depth

Hinderances r .842 .308 .370 .573 .610
p .001 .330 .236 .052 .035

Relaxation r .847 .580 .569 .672 .768
p .001 .048 .053 .017 .004

Personal self r .533 .484 .505 .496 .576
p .075 .111 .094 .101 .050

Transpersonal
qualities

r .690 .361 .450 .700 .629
p .013 .249 .142 .011 .028

Transpersonal self r .351 .219 .402 .384 .385

p .263 .494 .196 .218 .216
General
meditation depth

r .767 .475 .544 .658 .702
p .004 .119 .068 .020 .011
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In Table 3, several p < 0.10, indicating the marginal significance due to the impact
of small sample size. Looking at Tables 4 and 5, there are several significant or
marginally significant correlations between Presence and factors of Perceived
Restorativeness or Meditation Depth. Presence was significantly associated with
Compatibility (r = .596, p = .041), Transpersonal Self (r = .765, p = .004), Personal
Self (r = .679, p = .015), and General Meditation Depth (r = .673, p = .017).

One area where we expected to see stronger correlations was between general
mindfulness, as measured by the Five Facets of Mindfulness, and meditation depth, as
measured by theMeditationDepthQuestionnaire (Table 6). OnlyActingwithAwareness
showed significant correlation relationships with Personal Self (r = .619, p = .032) and
Transpersonal Self (r = .623, p = .030). The small correlation (i.e., r < .30) [10] between

Table 4. Correlations between presence and perceived restorativeness and its factors

Perceived restorativeness
Away Fascination Coherence Compatibility Perceived restorativeness

Presence r .404 .467 .506 .596 .554
p .193 .126 .093 .041 .061

Table 5. Correlations between presence and meditation depth and its factors

Meditation depth

Transpersonal
self

Hinderances Relaxation Personal
self

Transpersonal
qualities

General
meditation depth

Presence r .765 .493 .433 .679 .493 .673
p .004 .103 .160 .015 .103 .017

Total sample size
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Fig. 3. Post-hoc empirical power analysis for sample sizes across three correlations
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meditation depth and mindfulness disposition could be because so few skilled meditators
were in the group. The empirical power analysis (Fig. 3) shows that a larger sample size
(e.g., N � 85) is needed to reach a significant relationship. Alternatively, the non-
meditators may have rated their mindfulness disposition inconsistently because they do
not fully understand the experience they are trying to rate. Having novices use the
Meditation Depth Questionnaire may be problematic because the questionnaire was
designed for, and validated on, expert meditators to assess the depth of their meditation
sessions [28].

5 Discussion and Conclusions

Our first research question focused on the relationship between perceived restorative-
ness of an environment and the quality of the meditation session. We specifically
wanted to know if any of the factors associated with perceived restorativeness have a
stronger association with the quality of the meditation session than the others?

All factors in the Meditation Depth Questionnaire and the Perceived Restorative-
ness Scale passed tests for internal reliability (see Table 2), with all a falling in the
good range (0.7 < a < 0.9), which is a positive result given the small sample size. Of
the factors in Perceived Restorativeness, Away, or the sense of being separate from
problems and spaces they arise in, had the strongest correlation with aspects of med-
itation depth. Despite participants rating the environment as being a place separate from
the participants’ usual concerns, there was no correlation between the sense of presence
in the environment and the sense of being away. There is no clear reason for this
disconnect. These findings may be reflective of the limitations of the instruments used
and/or the need for a larger sample size in future research.

Table 6. Relationships between mindfulness and meditation depth, include factors

Five facets of mindfulness (FFM)
Observe Describe Acting with

awareness
Non-
judging

Non-
reactivity

FFM

Meditation
depth

Hindrances r −.278 .167 −.007 −.230 .033 −.168
p .381 .604 .984 .471 .920 .601

Relaxation r −.301 −.045 .145 −.202 −.200 −.258
p .341 .890 .653 .530 .534 .419

Personal self r −.213 −.002 .619* .071 −.003 .200
p .506 .995 .032 .826 .992 .533

Transpersonal
qualities

r .005 .221 .267 −.265 .160 .121
p .988 .491 .401 .405 .620 .709

Transpersonal
self

r −.298 .141 .623* −.041 .315 .284
p .348 .662 .030 .900 .319 .371

General
meditation
depth

r −.263 .091 .376 −.150 .040 .018
p .409 .779 .228 .643 .902 .956
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In addition to the factor Away, Compatibility had a significant correlation with
meditation depth, which has face validity. If the participants were not comfortable with
the virtual environment, it would not be a relaxing experience and the lack of comfort
might interfere with the quality of the meditation session.

The fact that Restorativeness had significant correlations with all factors of Medi-
tation Depth, except Transpersonal Self, suggests that the act of meditation may be
restorative. Experienced meditators may be able to conjure up the feeling of being away,
without the need to travel (virtually or physically). For those participants who were not
as skilled in meditation, the sense of being away (Away), in an environment that sup-
ported gentle fascination (Fascination), and was compatible with their schemas of what
constitutes a relaxing environment (Compatibility), was relaxing and restorative.

The finding in this paper related to meditation depth mirror the findings in [26],
which reported greater depth of meditation along all factors in the virtual environment
with neurofeedback than the virtual environment alone, which in turn had greater levels
of depth than a standard computer screen. The extreme variance in time spent medi-
tating makes it difficult to use the self-report data to explore in greater detail the
relationship between meditation experience, meditation depth, and perceived restora-
tiveness of the environment. Our current work focused on classifying mindful expe-
riences [20] may provide more objective ways to tease out the complex relationship
between meditation experience, the role of practice environment, the quality of a
meditation session, and the restorative property of the environment.

Our second research question focused on the relationship between physical presence
and the perceived restorativeness of an environment. We were specifically interested in
whether any of the factors associated with perceived restorativeness have a stronger
association with the presence than the others. Only Compatibility and Coherence
showed significant correlations to presence. This is expected because incoherence, or a
mismatch between what is expected of an environment and what is perceived, can break
the perceptual illusion that presence is founded on. We suggest that compatibility is
important for presence because incompatibility creates a barrier to accepting the envi-
ronment and being in the present moment of the experience; although the exact con-
ceptual linkage would need to be further explored. Presence was also marginally
correlated with General Perceived Restorativeness, which would indicate that being in
the virtual environment had some effects associated with restorative environments on
the participants. We would need to further tease out whether the restorativeness of the
environment helped improve the meditation depth of the session.

We do see significant correlations between transpersonal self, personal self, and
general meditation depth, and presence. We attribute these results to participants’
abilities to reach transpersonal and personal self-states. Their ability to do so may
enable them to feel more present, regardless of the context, which may support greater
meditation depth. It is noteworthy that, a sense of being in the space was correlated
with overall meditation depth, which is encouraging because it would indicate the
environment facilitated meditation.

Finally, we explored whether general mindfulness had any correlation with med-
itation depth. Results show little support for the effects of disposition towards mind-
fulness, as measured by the FFMQ, and the quality of the meditation session. Only
acting with awareness showed any correlation with personal self and transpersonal self.
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Brown and Ryan [8] argue that present-centered attention, or acting with awareness, is
foundational to mindfulness; therefore, we would expect participants who report
greater awareness of self and of transpersonal experiences to have higher levels of the
basic skill of acting with awareness.

Similar to previous studies [1, 2, 12, 16], the results from this study indicate that a
nature inspired virtual environment may has some restorative or relaxing properties and
that the restorative effects may translate to higher quality or deeper mindfulness ses-
sions. Researchers and practitioners who are promoting mindfulness as a possible
intervention may want to consider paying attention to the physical space they are
teaching in, as it will have an impact on the perceived depth of the session.

Major limitations to this study include a small sample size, lack of longitudinal
analysis assessing whether the virtual practice environment supports sustained practice,
and reliance on self-report measures to assess depth of the meditation experience. Our
future work will integrate the use of sensors to assess the quality of the meditation
session as well as deploy the virtual reality app to test whether the environment
promotes sustained engagement in the practice.
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