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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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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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