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Nature walks are an effective and popular means to replenish fatigued mental resources.

Alas, nature walks are not always accessible due to a lack of time or limited

availability. We report on the design and pilot test of a room-scale virtual reality (VR)

application that makes use of actual walking and impossible spaces to simulate dynamic

restorative walks. We conducted a randomized controlled experiment in VR using a

between-subjects design. Thirty-one participants went for an 8-min virtual walk either

in a fixed virtual restorative environment (control condition) or in the proposed dynamic

virtual restorative environment (treatment condition). The treatment condition with the

proposed room-scale approach yielded increased user involvement, higher present

moment awareness, increased perceived restorativeness of the experience, better

subjective restoration, and an improved positive affect. Behavioral analysis showed

that the proposed approach led to a reduced walking speed over the course of the

walking exercise. The results suggest that room-scale VR in conjunction with virtual

restorative environments and impossible spaces can be used to create sophisticated

virtual restorative walks in confined spaces. Future research and development are needed

to further establish the effects, to identify moderating and mediating factors and to

investigate such VR applications in relevant real-world contexts.

Keywords: virtual reality, mental health, perceived restorativeness, attention restoration, walking, room-scale,

nature walk

INTRODUCTION

Restorative Nature Walks
Nature walks are a prominent and effective way to take a break from stressful day-to-day routines
and find relaxation as well as restoration. Numerous empirical studies have found that walks
in natural settings such as parks or forests can successfully reduce symptoms of stress, improve
mood and well-being, and restore mental resources (Pretty et al., 2005b; Marselle et al., 2014;
Capaldi et al., 2015; Korpela et al., 2016; Lahart et al., 2019). Most often, the effect of nature
walks is positively contrasted against walks in urban environments or indoor environments with
human-made features and stimuli (Berman et al., 2008; Mayer et al., 2009; Roe and Aspinall, 2011).

Evidently, there are two factors that contribute to the restorative effects of nature walks,
namely (1) being present in a natural environment and (2) moving about by means of walking.
The restorative effects of nature environments have been extensively investigated. The Attention
Restoration Theory (ART; Kaplan and Kaplan, 1989; Kaplan, 1995) posits that spending time in
environments with restorative qualities allows for indirected effortless attention so that the mind
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can rest and replenish valuable but fatigued resources (directed
attention fatigue; cf. Kaplan and Berman, 2010). The theory
identifies four characteristics that make up a restorative
environment. First, the environment needs to provide a feeling of
being away. This can either happen through physical distancing,
i.e., physically being in a remote location, or by psychological
distancing, i.e., mentally detaching from day-to-day routines
and everyday worries. The more the environment can support
those processes the more restorative it is. Second, it needs
to include elements that elicit soft fascination. It is crucial
that the environment comprises stimuli which naturally draw
the involuntary attention while allowing directed attentional
processes to rest. Third, it needs to provide a high level of
coherence and extent. The elements of the environment need
to be perceived as connected in non-confusing ways and the
environment as a whole encourages immersion and is large
enough to allow for exploration. Fourth, it needs to have a high
compatibility with the individual’s preferences and goals, which
is facilitated when there is an intrinsic motivation to perform
enjoyable activities in that specific environment.

While these characteristics may be found in different kinds
of environments, nature environments are deemed to fulfill
them more likely or completely than other environments. The
extensive space and the multitude of fascinating stimuli make
nature environments draw involuntary attention. At the same
time, they offer space for personal reflection, which fosters the
restoration of fatigued mental resources. A range of empirical
studies support this postulated effect of nature environments on
well-being and restoration (Bowler et al., 2010; Berto, 2014; Ohly
et al., 2016; Pritchard et al., 2020). Even brief views of natural
environments can have a restorative effect (Li and Sullivan,
2016). This effect seems to be more pronounced the more the
nature environment is fully experienced (e.g., walking through
the environment) instead of just observed (e.g., watching a video;
Mayer et al., 2009; Roe and Aspinall, 2011).

The second factor that makes up a restorative walk is the
actual walking. Traversing through a restorative environment
has two benefits in terms of restoration and well-being. First, it
introduces a mild form of physical activity, which can elicit a
restorative effect and improve mood (Pretty et al., 2005b; Hug
et al., 2008; Lahart et al., 2019). Walking is an available and easy
to perform physical activity that forms a contrast to sedentary
occupations (Pretty et al., 2005a). Regular physical activity in the
form of leisure walks has been shown to improve well-being as
well as several aspects of mental and physical health (Sakuragi
and Sugiyama, 2006; Thompson Coon et al., 2011; Hanson and
Jones, 2015; Gidlow et al., 2016). Second, walking can amplify
the restorative qualities of the environment because it enables
an active exploration of the surroundings. The experience of a
larger space through walking can open up fascinating stimuli
that draw the involuntary attention and increase the perceived
coherence of the environment (Kaplan and Berman, 2010). The
physical sensation of stepping into a restorative environment
might also create a greater feeling of getting away from everyday
worries. Performing different kinds of physical activity in nature
environments has been found to have a greater potential for
restoration and stress reduction than exercising in indoor or

urban environments (Bodin and Hartig, 2003; Hug et al., 2009;
Aspinall et al., 2015; Calogiuri et al., 2015, 2016).

All of the above may explain why restorative walks or nature
walks are a prominent recreational activity in societies all over the
world. But in our contemporary society, there are circumstances
that might render it difficult to take recreational nature walks.
For instance, an individual might live in an urban environment
without green areas within a reasonable range or a lack of time
to commute to said locations. Apart from that, an individual
might be unable to leave their safe and secure space, for example
a patient in a hospital, an elderly person unable to walk outside
on their own, or an individual who is confined to indoor spaces
due to imprisonment or due to a lockdown in a way as the
Coronavirus pandemic made it necessary.

With increasing technological advances in computer
simulations, a potential solution to the lack of practical
availability of nature walks might be to simulate such experiences
with modern virtual reality (VR) technology. By means of a
sophisticated simulation, the restorative effects of nature walks
could be made more accessible in situations in which they are
otherwise unavailable. In the present paper, we propose and
evaluate a VR application that makes use of mobile room-scale
VR to offer an easy-to-use and always available surrogate
of restorative walks. In the following, we first describe the
components, design choices and advantages of the developed
application and then report on a pilot study to gather data as to
the feasibility of such an application.

State-of-the-Art Virtual Reality
When considering a technological solution for creating a virtual
restorative environment (VRE), VR seems to be promising.
Head-mounted VR offers a greater sensory fidelity than any other
technology, a characteristic that is referred to as immersion (Slater
andWilbur, 1997). A high degree of immersion is important as it
precedes a sense of presence, that is, the feeling of actually being
inside a simulated environment (Cummings and Bailenson,
2016; Buttussi and Chittaro, 2017). The greater the sense of
presence, the more the user can benefit from exposure to a
virtual environment.

Contemporary VR headsets have improved greatly over the
recent years, in terms of both fidelity and accessibility. The
technology has become wireless and mobile by relying on
internal instead of external processing and tracking units. This
improves the overall availability and flexibility. Furthermore,
commercial mobile headsets are capable of offering head tracking
with six degrees of freedom (6-DoF; e.g., Oculus Quest headset,
Pico Neo 2 headset). Both the user’s head rotations and head
translations while wearing the head-mounted display (HMD)
are tracked in three dimensions (3D; cf. Janeh et al., 2019).
This ensures a greater comfort in VR because the virtual
movements are matched with the real-world movements. Even
more importantly, in conjunction with the lack of wires, 6-DoF
tracking allows for room-scale applications (Langbehn et al.,
2017), that is, the user can freely move within the confines of
their real room and thus move naturally inside the virtual room
because all real-world movements are tracked and represented in
the virtual space. Given the accessibility of mobile VR headsets
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and the importance of 6-DoF tracking, we chose to design
and develop an application for such a mobile 6-DoF headset
to offer high practicality. Notably, this comes with a number
of challenges because the central processing unit (CPU) and
graphics processing unit (GPU) are not as capable in a mobile
headset as they are in a stationary computer. Given that VR is a
processing-heavy technology in general, this needs to be kept in
mind when designing the stimuli and user interaction.

Virtual Restorative Environments
Drawing from ART as described above, typical elements that can
be found in nature appear to be a suitable setting for restorative
walks. Therefore, when designing a virtual restorative walk, the
computer-simulation of elements and stimuli resembling nature
is the most straightforward approach. A number of experimental
studies showed that simulated VREs can mimic the restorative
effects of real-world nature environments (Annerstedt et al.,
2013; Anderson et al., 2017; Chung et al., 2018; Laurent et al.,
2019; Mattila et al., 2020). This seems to be especially true for
sophisticated and immersive simulations, for example via HMDs
(de Kort et al., 2006; Villani and Riva, 2012; Liszio et al., 2018;
Blum et al., 2019; Rockstroh et al., 2019, 2020).

However, realistic nature simulations raise a concern from
an accessibility point of view. When designing VREs for mobile
VR headsets, realistic nature simulations with high resolution
textures and an abundance of stimuli are not feasible. Such
realistic simulations have a high processing demand which
cannot be met by current mobile GPUs and CPUs without
compression and reduction in detail. Given that this research
paper focuses specifically on practicality and accessibility, we
therefore chose to implement stylized variants of different
natural elements and environments, which are less demanding
in terms of computation. Notably, for an environment to
meet the characteristics of restorativeness as described by ART
(Kaplan and Kaplan, 1989; Kaplan, 1995), it does not have
to be a realistic environment. Rather, the theory itself posits
abstract requirements (i.e., being away, fascination, coherence,
compatibility) that should possibly be fulfilled by a variety of
environments that resemble nature. In the proposed application,
we designed four different schemes of stylized VREs to offer
variation (see Figure 1). Those VREs included stylized natural
elements such as rocks, grass, flowers, and trees. Despite not
comprising realistic stimuli, the design and layout of the VREs
was guided by the layout of prototypical nature scenery in
conjunction with the principles of ART.

Besides accessibility considerations, stylized environments are
less likely to trigger specific associations to known stimuli and
thus less likely to induce an uncanny valley effect, which describes
the phenomenon that the more realistic a simulation becomes,
the greater the dislike of this simulation can get (cf. Tinwell,
2014; McMahan et al., 2016). This would be detrimental in
the context of restoration. Additionally, based on the lack of
real-world associations and corresponding expectations, stylized
stimuli allow for more creative freedom in designing the VRE.
In an unrealistic environment, users are more open to unusual
colors and shapes or novel arrangements of stimuli. Again, this
makes it easier to design varying VREs for mobile VR.

Locomotion and Impossible Spaces
Besides a VRE, a restorative walking application needs to include
a locomotion mechanic to simulate walking. There are a number
of potential locomotion mechanics in VR. The most common
one is artificial sliding locomotion with the help of a joystick
or another user input. Whenever the user gives a certain type
of input, he or she moves in the desired direction in the virtual
world. While this type of locomotion allows for a maximum of
freedom (i.e., all of the virtual world is easily accessible), it bears
the greatest potential of simulator sickness due to the mismatch
between virtual movement and real-world stillness (cf. Calogiuri
et al., 2018; Saredakis et al., 2020). More importantly, it does not
include the actual act of walking and would exclude the physical
activity from the restorative walk. To our best understanding, a
sophisticated simulation of nature walks must include a walking
simulation that comprises the physical sensation and motor
activity of actual walking. In the context of this paper, the use of
additional equipment, like treadmills, is not investigated because
the focus of our research approach lies on practicality and
accessibility. We believe that an appropriate form of locomotion
when simulating a restorative walk is to implement room-scale
VR and precisely translate the user’s real-world head position to
the virtual world. As outlined above, modern mobile VR headsets
make that possible. That way, the real-world sensation of walking
through a restorative environment is accurately simulated in the
virtual world with little risk of simulator sickness (cf. Saredakis
et al., 2020) and a maximum of control over the locomotion. It is
also an intuitive form of locomotion as it relies on real walking
without the need for artificial user input or additional hardware
and thus caters to the goal of high accessibility.

The room-scale approach, however, poses a challenge. In VR,
it is easy to simulate extensive spaces that are larger than the
real space that surrounds the user. But if the virtual movement
is determined by real-world movement, the virtual space that can
be traversed is restricted to the actual available real-world space.
However, restorative walks typically include traversing extensive
environments. A restriction of the virtual space to the available
real-world space could reduce the restorative potential of the
virtual walk by limiting the explorable extent of the environment
and thus the abundance of stimuli that can be experienced from
up close.

To ensure exploration of a large enough natural environment
and thus increase the restorative quality of the experience while
owing to the constraints of the limited available real-world space,
the proposed virtual restorative walk makes use of so-called
impossible spaces. Impossible spaces describe simulated rooms
in which parts of the different spaces are overlapping and thus
impossible in the real world (cf. Suma et al., 2012; Vasylevska
et al., 2013). The overlap of said spaces is not directly visible
to the user because it is occluded by objects that separate the
spaces. Impossible spaces allow for a vast number of virtual
environments in a finite amount of real-world space. That way,
a simulated restorative walk can take place in a confined space
and yet simulate an expansive VRE.

Proof-of-Concept Study
In the proposed restorative walking VR application, we
implemented an impossible space layout that allows for a
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FIGURE 1 | Screenshots of some of the stylized nature environments.

repeated switching of the VREs (see Figure 2A). The user walks
back and forth a defined path in the surrounding real room. The
path is marked in the virtual world with small rocks indicating
the borders of the walkable real world space and signaling the
user when to turn around. We chose walking back and forth
instead of walking in a circle because it limits the necessary
space to one dimension and thus makes it even more accessible
in confined spaces such as small furnished rooms or narrow
hallways. Additionally, walking back and forth eliminates the
need for pathfinding and thus allows the visual attention to
be focused on the VRE. The virtual space is divided into two
equally sized parts by a wall with a gate (see Figures 2B,C).
While walking back and forth along the path, the user repeatedly
traverses the gate. Each time the user walks through the gate,
the gate briefly closes right behind the user, the (temporarily
invisible) environment behind the wall is exchanged with a new
environment and the gate immediately opens up again to reveal
the new environment. The entire switching is completed within a
second. The switching is unobtrusive because it is occluded and
takes place behind the user who is currently still facing the other
direction and walking to the end of the path. This combination of
actual walking locomotion and impossible virtual spaces ensures
that the user walks through a small portion of each VRE and
that by means of walking the user can discover new surroundings
and stimuli.

To investigate whether the proposed approach is feasible in
a range of different real world environments, we piloted an
experimental study. We compared the restorative walk with the
dynamically changing environments to a control implementation

with a fixed environment where the surroundings on each side of
the wall stayed the same throughout the entire walking exercise.
We assessed restoration and well-being as well as behavioral data
of the respective walking exercise.

The environment-switching mechanic should offer a number
of advantages over an implementation with a fixed environment
in terms of the restorative potential of a room-scale virtual
walk. First, while the user continuously walks back and forth
inside the real space, he or she constantly traverses and
explores new surroundings in the virtual space. Presumably,
this makes it less apparent that the walking actually takes place
in a highly limited space and only covers the same ground
time and again. This should help the user feel more involved
in the experience and be less aware of the potentially less
restorative surrounding non-virtual space. We hypothesized
the following:

Hypothesis 1 (H1): A virtual restorative walk with dynamically
changing VREs leads to a greater involvement than an
implementation with a fixed environment.

Second, the greater abundance of fascinating stimuli should
better capture the attention of the user. As a result, the user
should have a greater present moment awareness with
less distracting or unrelated thoughts that might dampen
the restorative effect of the experience:

Hypothesis 2 (H2): A virtual restorative walk with dynamically
changing VREs leads to a greater focus on the present moment
than an implementation with a fixed environment.
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FIGURE 2 | (A) Layout of the virtual environment (view from top). The user walks back and forth within the walking area (dark double arrow). When the user steps into

virtual area A, the gate closes and the environment in virtual area B is exchanged, and vice versa. (B) Screenshot of the separating wall with closed gate. The small

rocks on the floor outline the area within which the participants are supposed to walk. (C) Screenshot of the separating wall with open gate.
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Third, instead of just walking back and forth inside a
fixed environment, with impossible spaces the walking
is a means to discover new surroundings. As argued
above, the walking part in a restorative walk is not only
done for the sake of physical exercise, but also for the
sake of exploration. Based on this reasoning, we expected
the following:

Hypothesis 3a (H3a): A virtual restorative walk with
dynamically changing VREs has a greater restorative
potential than an implementation with a fixed environment.
Hypothesis 3b (H3b): A virtual restorative walk with
dynamically changing VREs leads to a greater subjective
restoration than an implementation with a fixed environment.
Hypothesis 3c (H3c): A virtual restorative walk with
dynamically changing VREs improves mood more than
an implementation with a fixed environment.

Besides testing these hypotheses, we exploratively investigated
whether the two virtual restorative walking implementations
would affect the walking distance. The implementation
of impossible spaces and the resulting variety of VREs
might influence walking distance in competing ways. On
the one hand, the dynamically changing VREs could result
in curiosity to discover more, which would increase the
walking speed and hence the total walking distance in a
fixed time span. On the other hand, the greater density
of novel stimuli could make the user take more time
to take in each VRE, which would result in a decreased
walking speed. Given those contradictory considerations,
we assessed and analyzed the movement parameters in an
explorative manner.

METHOD

Participants and Design
The study was conducted as a field experiment. The virtual
walking experience as well as the control condition and all
necessary assessments and information were included in a single
Android application to work with an Oculus Quest VR headset.
The app was made available to the public via the platform
SideQuest (https://sidequestvr.com), which allows owners of the
Oculus Quest headset to install third party apps on their device.
The experiment was promoted via the SideQuest platform itself,
as well as via different social media sites. There was no monetary
reward for participation. All participants were given a license for
personal use of the app for free after the experiment. This license
enabled unlimited use without assessments and data collection.

In total, 31 participants (11 women) took part in the
experiment. The average age was 37.6 years (SD = 9.8) with a
range from 23 to 61. The study was conducted as a randomized,
controlled, between-subjects experiment with digitally obtained
informed consent. The participants were randomly assigned to
one out of two conditions, a virtual walk with a fixed environment
(control group, n = 16), or a virtual walk with the proposed
dynamic environment switching mechanic (treatment group, n
= 15). We measured involvement, present moment awareness,
perceived restorativeness of the exercise, subjective restoration,

mood as well as the actual distance walked. The experiment
including random assignment was software-based without any
experimenter interaction. The experiment was conducted in
compliance with the APA ethics guidelines as well as all relevant
local ethical requirements.

Virtual Walking Exercise
Participants in both conditions took part in an 8-min virtual
walk, back and forth along a straight line with a length of
3.5m. In the treatment condition, we implemented the proposed
impossible spaces, that is, a new stylized environment was
instantiated whenever the participants stepped into the other
half of the virtual space. To create variety, each environment
was picked from one of four different schemes of environments
(featuring different shapes and colors), each scheme including a
range of similar environments. The color scheme from which the
environments were drawn upon instantiation was changed every
twominutes. The sequence of color schemes was random for each
participant. In the control condition, there was no switching of
environments. The environments on both sides of the gate were
of the same scheme. For each participant in the control condition,
one of the four schemes was randomly chosen. Both conditions
received the same instructions (see Supplementary Material),
which asked the participants to slowly walk back and forth along
the path and take in the surroundings.

Instruments
We assessed both VR experience and meditation experience
with a single-item each (“How experienced are you with
VR / meditation?”) on a 5-point Likert scale (1 = not
at all, 5= very well).

Involvement was assessed via the involvement subscale of the
Igroup Presence Questionnaire (IPQ; Schubert et al., 2001). The
subscale consists of four items, rated on 7-point Likert scales
(sample item: “I was completely captivated by the virtual world”).

Present moment awareness was measured via a self-framed
item (“During the exercise, I felt closely connected to the
present moment”), rated on a 7-point Likert scale (1 = not
at all, 7= completely).

The ascribed restorative quality of the respective walking
exercise was measured with the Perceived Restorativeness Scale
(PRS; Hartig et al., 1997). The PRS consists of the four subscales
being away (two items; sample item: “Spending time here gives
me a good break from my day-to-day routine”), fascination
(six items; sample item: “The setting has fascinating qualities”),
coherence (four items; sample item: “It is a confusing place”),
and compatibility (five items; sample item: “I have a sense that
I belong here”). For each item, participants rate their degree of
approval on a 7-point Likert scale (1= not at all, 7= completely).

Subjective restoration was assessed with the Restorative
Outcomes Scale (ROS; Korpela et al., 2008). The ROS comprises
the three facets relaxation and calmness (three items; sample
item: “After visiting this place, I now feel restored and relaxed”),
attention restoration (one item; sample item: “My concentration
and alertness clearly increased there”), and clearing one’s
thoughts (two items; sample item: “Visiting there was a way
of clearing and clarifying my thoughts”), although all items are
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aggregated to form a single score for the entire scale. Each
item is rated on a 7-point Likert scale (1 = not at all, 7 =

totally). In contrast to the PRS, which asks participants to rate the
perceived potential of a setting to elicit restoration in a variety of
observers, the ROS addresses the actual momentary outcome of
the experience in terms of subjective restoration.

Mood was measured via the short form of the Positive and
Negative Affect Scale (PANAS-SF; Watson et al., 1988). It consists
of two subscales for positive and negative affect with five items
each. Participants rate to what extent the positive (sample item:
“active”) or negative (sample item: “nervous”) adjective describes
their current affect. Each item is rated on a 5-point Likert scale (1
= not at all, 5= very much).

The walking distance was calculated by capturing all walking-
induced translations of the position of the VR headset on the
XZ-plane (i.e., horizontal translations only, excluding changes in
the Y-axis due to unrelated up or down head movements) on a
frame-by-frame basis.

Procedure
The entire experiment including all assessments and the walking
exercise was performed within a dedicated VR application. At
the outset, the app asked the participants to read and agree
to an informed consent form. Next, the app checked whether
the participant’s playspace (marked and secured space in the
real room tracked via the headset) was large enough (at least
0.7 5m × 4.0m) to take part in the experiment. In case of
failure, participants were given the opportunity to rearrange their
playspace and then continue with the experiment. Participants
were guided toward a marked point in virtual space to ensure
the correct starting position for the virtual walk to come. Next,
participants answered the pre-assessment survey, which included
demographic data and the PANAS-SF. After that, participants
received and subsequently performed the 8-min walking exercise
in their randomly assigned experimental condition. After the
exercise, participants answered the post-assessment survey,
which included the PANAS-SF, the PRS, the ROS, the IPQ,
and the item regarding present moment awareness. Lastly, the
collected data were transmitted and participants were debriefed.
From then on, all participants could replay the walking exercise
of the treatment condition without any data collection.

Data Analyses
Given our experimental two-condition design with almost
equal group sizes, random condition assignment and metric
dependent variables, we followed the general recommendation
(cf. Field, 2013) to test for potential between-subjects differences
in outcome scores using analyses of variance (ANOVA) with a
single fixed factor (experimental condition).

Prior to the analyses, we aggregated the corresponding items
of each subscale of the IPQ, PRS, ROS, and PANAS-SF by
computing the respective arithmetic mean. Each subscale of the
PRS and the PANAS-SF were analyzed separately to provide
more detailed insights as to the effects of the restorative walking
exercise on the different facets of restorativeness and mood. To
adjust for familywise error rates within the respective scales, the
threshold for significance was Bonferroni-adjusted to α = 0.0125

for the PRS subscales and α = 0.025 for the PANAS-SF subscales.
For all other instances of significance testing, the threshold was
set to α = 0.05.

To check for potential confounds, we determined the
between-condition differences as regards age, VR experience and
meditation experience prior to the virtual walk with a one-way
ANOVA. There was no effect of the condition on age, F(1, 29) =
0.001, p= 0.977, η2

p < 0.001, with similar values in the treatment
group (M = 37.67, SD = 10.04) and the control group (M =

37.56, SD = 9.84). There was no effect of the condition on VR
experience, F(1, 29) = 0.034, p= 0.855, η2

p = 0.001, with similarly
high experience in the treatment group (M = 4.27, SD = 1.22)
and the control group (M = 4.19, SD= 1.17). There was no effect
of the condition on meditation experience, F(1, 29) = 0.102, p =

0.752, η
2
p = 0.004, with similar values in the treatment group

(M = 1.80, SD = 1.01) and the control group (M = 1.69, SD =

0.95). Consequently, we did not include any covariates into our
statistical models. The resulting single-factor ANOVA without
any covariates is equivalent to a t-test for independent samples.

RESULTS

Involvement
To test whether the participants reported higher involvement
in the treatment group as compared to the control (H1), we
conducted a one-way ANOVA on the involvement subscale of
the IPQ. The internal consistency of the subscale was Cronbach’s
α = 0.92. The ANOVA revealed an effect of the condition, F(1, 29)
= 16.677, p < 0.001, η

2
p = 0.365, with higher values in the

treatment group (M = 5.75, SD = 1.41) compared to the control
group (M = 3.86, SD= 1.16).

Present Moment Awareness
To test whether the participants reported higher present moment
awareness after the treatment compared to the control (H2),
we conducted a one-way ANOVA on the self-framed item. The
ANOVA revealed an effect of the condition, F(1, 29) = 8.840,
p = 0.006, η

2
p = 0.234, with higher values in the treatment

group (M = 5.87, SD = 1.46) compared to the control group
(M = 4.06, SD= 1.88).

Perceived Restorativeness
To test for differences in participants’ perceived restorativeness
of the experience between the two conditions (H3a; Figure 3),
we conducted a separate one-way ANOVA for each of the four
subscales of the PRS. The internal consistencies of the subscales
ranged from Cronbach’s α= 0.77 (being away) to Cronbach’s α=

0.95 (fascination and compatibility). The ANOVA on being away
showed an effect of the condition, F(1, 29) = 7.679, p= 0.010, η2

p =

0.209, with higher values in the treatment group (M = 5.83, SD
= 1.50) compared to the control group (M = 4.53, SD = 1.10).
The ANOVA on fascination revealed an effect of the condition,
F(1, 29) = 17.738, p < 0.001, η2

p = 0.380, with higher fascination
in the treatment group (M = 5.83, SD = 1.12) compared to the
control group (M = 3.94, SD= 1.36).

There was no effect of the condition on coherence, F(1, 29) =
3.904, p = 0.058, η

2
p = 0.119, with comparable values in the
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FIGURE 3 | Perceived restorativeness by subscale by condition. Error bars represent 95% confidence intervals (95% CI).

treatment group (M = 6.05, SD = 1.13) and the control group
(M = 6.66, SD= 0.47). The ANOVA on compatibility showed an
effect of the condition, F(1, 29) = 8.230, p = 0.008, η

2
p = 0.221,

with higher values in the treatment group (M = 5.15, SD= 1.60)
compared to the control group (M = 3.59, SD= 1.43).

Subjective Restoration
To test whether the participants felt more restored after the
treatment compared to the control (H3b; Figure 4), we conducted
a one-way ANOVA. The internal consistency of the ROS was
Cronbach’s α = 0.97. The ANOVA revealed an effect of the
condition, F(1, 29) = 6.270, p = 0.018, η

2
p = 0.178, with higher

subjective restoration in the treatment group (M = 5.53, SD =

1.54) compared to the control group (M = 4.18, SD= 1.48).

Mood
To test for different changes in mood from pre- to post-exercise
between the two conditions (H3c), we conducted two separate
repeated-measures ANOVA for positive (Figure 5) and negative
affect (Figure 6). The internal consistencies of the two subscales
of the PANAS-SF ranged from Cronbach’s α = 0.78 (PANAS-PA,
pre-exercise) to Cronbach’s α = 0.94 (PANAS-NA, pre-exercise).
The ANOVA on positive affect showed a Time × Condition
interaction, F(1, 29) = 18.813, p < 0.001, η2

p = 0.393. The increase
in positive affect was stronger in the treatment group (1mean =

1.43) compared to the control group (1mean = 0.13). There was
no Time × Condition interaction on negative affect, F(1, 29) <

0.001, p = 0.992, η
2
p < 0.001. However, there was an effect of

Time on negative affect, F(1, 29) = 26.876, p < 0.001, η2
p = 0.481,

with negative affect decreasing from pre-exercise (M = 1.75, SD
= 0.95) to post-exercise (M = 1.33, SD= 0.73).

Distance Walked
To test for differences in the distance walked during the exercise
we conducted a one-way ANOVA (Figure 7). The ANOVA
revealed an effect of the condition, F(1, 29) = 7.140, p = 0.012,
η
2
p = 0.198, with a longer distance walked in the control group

(M = 182.52m, SD = 46.99m) than in the treatment group
(M = 143.05m, SD= 33.67 m).

DISCUSSION

This study explored the feasibility of a novel room-scale VR
approach to simulated restorative walks. It investigated whether a
simulated virtual walk with dynamic VREs via impossible spaces
has advantages over an implementation with a fixed environment
in terms of involvement, present moment awareness, perceived
restorativeness, subjective restoration, and mood. To explore
behavioral implications, we analyzed the effect on the distance
walked during the exercise.

The results are encouraging with regard to the novel room-
scale VR approach to simulated restorative walks. Given that
the study was conducted in the field with a range of unknown
room layouts, the study provides an empirical proof-of-concept
of the proposed approach in natural (i.e., out-of-lab) contexts.
Specifically, as regards user involvement (H1), the results
favor the implementation with dynamic VREs. As regards
H2, the participants in the treatment condition had a greater
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FIGURE 4 | Subjective restoration by condition. Error bars represent 95% CI.

FIGURE 5 | Positive mood by condition by time point. Error bars represent 95% CI.

focus on the present moment. Capturing the user’s focus is
necessary in a restorative experience in which the surrounding
stimuli themselves are supposed to elicit the desired restorative

effect. Apart from the potential restorative effects, the greater
possibility of exploration in the treatment condition offeredmore
diversion and created a greater engagement than the supposedly
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FIGURE 6 | Negative mood by condition by time point. Error bars represent 95% CI.

FIGURE 7 | Distance walked by condition. Error bars represent 95% CI.
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monotonous control condition which seems to have comprised a
risk of attentional drift and rumination.

Furthermore, perceived restorativeness of the experience
(H3a) and subjective restoration after the experience (H3b)
were rated higher in the treatment condition. Therein,
participants reported greater values of being away, fascination
and compatibility, which are indicative of a larger restorative
potential. There was no effect of the condition on the coherence
subscale. While the treatment condition did, as a matter of
fact, offer more varying environments and thus had a larger
explorable extent, this does not seem to have helped create a
more coherent experience. A reason could be that the treatment
condition comprised all four different environment schemes in
terms of shapes and colors one after the other while the control
condition only comprised one of those schemes. Moreover, the
environment switching mechanic via impossible spaces might
have reduced the feeling of coherence. However, coherence was
at the high end of the scale in both conditions, which underlines
the conclusion that the proposed dynamic restorative walking
approach did not diminish the overall high degree of coherence.
Nevertheless, the coherence facet of restorativeness should be
investigated more closely in future research.

In terms of mood (H3c), participants in the treatment
condition reported higher increases in positive mood from
pre- to post-exercise. Thus, the treatment condition with its
higher restorative effects elicited more positive feelings than the
control condition. Contrary to expectation, this difference was
not present in the negative affect. Undergoing any condition of
the exercise reduced negative affect down to the low end of the
scale. This is a bottom effect, which might account for the fact
that the reduction of bad mood was not larger in the treatment
condition than in the control condition: In both conditions there
was hardly any bad mood left after the exercise, leaving no room
for the treatment condition to reduce bad mood even more.

Lastly, the study yielded interesting results as regards the
distance walked. On average, participants in the treatment
condition covered 143 meters, while participants in the control
condition walked 183 meters. Over the course of the 8-min
exercise, this translates to an average speed of 1.07 kph in the
treatment condition and 1.37 kph in the control condition.
Both velocities amount to very slow walking. In part, this low
speed could be due to the fact that participants walked back
and forth and, therefore, turned around every once in a while.
Our result ties in with research on gait and velocity in VR:
Velocity is reduced in room-scale VR compared to an otherwise
identical real walking exercise (e.g., Janeh et al., 2019). The
corroboration of the literature in this study’s finding implies that
our novel virtual restorative walking implementation is adequate
if low walking speeds are acceptable or even desired. For higher
targeted walking speeds, ours does not seem to be a useful
implementation. Comparing the two conditions in this study,
participants in the treatment condition walked even more slowly;
they had more environments to explore than participants in the
control condition who experienced the same environment again
and again.

LIMITATIONS AND FUTURE RESEARCH

Despite the successful proof-of-concept, this study’s limitations
need to be considered and should be addressed in future research.
First, the study included a small sample of 31 participants. While
most effect sizes were large enough to test significant in spite
of low statistical power, a larger sample size would be desirable.
Additionally, participants with varying health backgrounds and
varying experience with restorative walks and VR are necessary
to extrapolate the results to a wider public. While experienced
VR users are favorable in terms of ruling out novelty effects of
the technology as well as technical issues with the operation of an
HMD, the results cannot be generalized to inexperienced users.
Furthermore, given that we targeted experienced VR users and
implemented a natural locomotion scheme, we did not assess
simulator sickness. However, this might have been an issue and
would need to be addressed in future research. Second, due to
the field setting, the real rooms were uncontrolled. However,
given that we assigned participants to conditions at random, the
low degree of control is unlikely to pose a threat to internal
validity. While it is a strength that our study was conducted
in the field and hence the robustness of its findings could be
established, running the study in the lab would be useful for
fine-tuning the paradigm to maximize its desired effects. Third,
the study did not include objective physiological parameters of
restoration that would support the self-reported evidence in this
study. While the field setting creates a case for the real-world
feasibility of the novel approach, the study should be repeated
in a controlled lab setting with the inclusion of physiological
measures such as heart rate, heart rate variability or electrodermal
activity. Fourth, while the baseline mood was comparable in the
two conditions, baseline negative affect was low and thus unlikely
to be much reduced by the virtual restorative walks. To prevent
such a bottom effect, a study that includes a stress induction
prior to the treatment might prove useful. Moreover, such a
stress induction could clarify whether the proposed procedure is
effective as an acute stress reduction treatment.

Apart from suggestions for future research that derive from
the limitations of the present study, we also suggest to look
into the following. Future research should further disentangle
the restorative effects of nature exposure and walking as well as
their combination. Studies should investigate whether stylized vs.
realistic nature environments differ in their restorative potential.
Furthermore, different variants of environmental switching
mechanics could be compared to the one implemented in this
paper. In addition, the spatial layout for the room-scale tracking
needs to be looked into. For instance, walking in a circle instead
of walking back and forth could create a stronger feeling of
continuity and thus coherence. It needs to be tested whether
this potential effect outperforms the potentially distracting
requirement for navigation as well as the need for larger real-
world spaces that come with curves instead of simple linear
paths. Lastly, different playspace sizes should be compared to
determine the optimal and the minimal necessary playspace for
the simulation of a virtual walk.
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CONCLUSION

The present paper reported on the design and evaluation
of a room-scale VR application with impossible spaces to
offer a sophisticated and yet low-threshold simulation of a
restorative walk. We conducted a randomized controlled
experiment as a proof-of-concept. The results show positive
effects of the virtual restorative walk with impossible spaces
on user involvement, present moment awareness, perceived
restorativeness, subjective restoration and positive affect.
Walking speed during the restorative walk was lower in
the dynamic impossible spaces than in the fixed control
environment. Future research studies need to investigate the
proposed virtual walk in different contexts and determine
the optimal real-world space for an effective virtual
restorative walk.
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