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Abstract
We present a study comparing physiological and psycho-
logical restoration in matched real and virtual natural en-
vironments. Participants (n=24) experienced a real forest,
or one of two audiovisual virtual forests wearing a head-
mounted display: a 3D forest or a 360-degree video. The
results showed that some of the benefits of the real for-
est could also be obtained using virtual equivalents. Fur-
thermore, we found the 3D forest to be emotionally more
restorative than the 360-degree video forest. The findings
can be used in creating restorative virtual environments for
people who are unable to visit real natural environments.
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Introduction
The stress-reducing or restorative benefits of being in real
natural environments, such as forests, are well documented
by research in environmental psychology [11, 14]. How-
ever, many people are not able to obtain these benefits be-
cause the distance to the natural space is too far, say for



city dwellers, or perhaps an individual has mobility issues
that make access to the natural space difficult. A potential
alternative is to use virtual natural environments that can
be accessed, for example, by using head-mounted displays
capable of producing immersive experiences.

Even though there are plenty of virtual forests available for
download that claim to offer ’relaxation’ [15, 17, 18], it is not
known how effective they are in practice. We believe that
it is important to understand the relationship between psy-
chophysiological restoration in the real and the virtual envi-
ronment to be able to assess the potential of virtual nature.
The question this investigation seeks to answer is what pro-
portion of the benefits from a real natural environment could
be obtained from a virtual equivalent of the same environ-
ment. Further, we seek to answer whether a 3D model of
the space or a 360-degree video would be more suitable for
presenting a virtual natural environment. We had no prior
hypothesis in support of either approach.

In the remainder of this paper, we first present previous
work in this field. We then introduce our experiment and re-
port the results. Finally, we discuss our findings and present
the main conclusions.

Previous Work
Spending time in virtual environments with natural elements
has been shown to produce physiological restorative ben-
efits, in terms of reduced heart rate [2, 7, 19, 22], blood
pressure [7, 22], skin conductance [1, 20, 19], and psycho-
logical benefits in terms of improved mood [1, 12, 19, 22].
In these experiments, participants experienced virtual en-
vironments through head-mounted displays that showed
audiovisual presentations of natural environments. Some
restoration studies with head-mounted displays have also
shown negative effects, such as worsened mood and fa-

tigue [3], and inhibition of physiological restoration [10]. VR
sickness could be one important contributor to this.

Currently, there seem to be only a few studies that have di-
rectly compared real nature with virtual nature. Television
screens [13, 9, 16] were used in three studies as a presen-
tation device, while two studies [3, 21] used head-mounted
displays. In each study, the real nature condition was found
to be physiologically and psychologically restorative, and
in none of the cases was virtual nature more restorative
than real nature. Evidence of positive physiological restora-
tion in the virtual nature conditions was found in 3 studies,
with no evidence in the other two. Evidence of positive psy-
chological restoration was found in 3 studies, but negative
changes in this were found in the other two. The real nature
condition was physiologically more restorative than the vir-
tual condition nature in 3 of the 5 cases and psychologically
more restorative in 4 of the 5 cases.

Furthermore, four studies in virtual environments [2, 7, 19,
22] showed an average of a 4.9 % reduction in heart rate.
Two studies [20, 10] demonstrated a similar trend without
statistical significance. Thus, a lowered heart rate could
be one common indicator of a restorative VR environment.
Blood pressure and skin conductance are other possible
metrics that could show benefits. Concerning heart rate
variability, excluding one study [1], there is not evidence for
restorative benefits of VR. Regarding psychological metrics,
four studies [1, 12, 19, 22] that measured mood reported
improved moods for participants using the VR systems.

The current paper adds to this existing knowledge by mak-
ing two novel contributions. First, we compare physiologi-
cal, affective, and cognitive parameters in seated restora-
tion in a real forest and a virtual representation of the same
place. Second, we compare the restorative benefits of 3D
and 360-video environments.



Methods
Participants
A total of 24 volunteers took part in the experiment. They
were all students and staff at Tampere University of Applied
Sciences and Tampere University. There were 13 females
and 11 males (mean age 26, range 20-39 years).

Experimental Design
We anticipated that an order effect would be very likely if
the same person was exposed to the same environment on
three separate occasions (1 real and 2 VR) as the intention
was that the participant would remain seated in the same
location throughout each 10 minute exposure period. Con-
sequently, we chose a between-participants design. The
participants were randomly allocated to 1 of the 3 groups so
that they experienced only one of the environments.

Real and Virtual Environments
The real natural environment was a forest on the edge of a
lake near to the University of Applied Sciences in Tampere,
Finland (see Figure 1). Two virtual versions of the location
were created. One was a 3D model rendered within Unity.
Several custom tools and a pipeline for foliage placement
and terrain data conversion were developed to automate
the process. However, the assets in the direct vicinity of the
test location were placed manually to produce a high level
of correspondence between the real and virtual location.
The second virtual version was a 360-degree video shot in
the physical location. An audio soundscape was produced
with recordings made at the physical location. This sound-
scape was used in the VR 3D condition and the VR 360
video condition.

Figure 1: In the real location (top),
the participant sat on the front
chair with measuring device on
rear chair. The VR 3D (middle) and
VR 360 video (bottom) conditions
mimicked the real location.

Measures
The physiological parameters studied were heart rate (HR),
heart rate variability (HRV), and electrodermal activity (EDA).

The aggregated data for each from the first 60 seconds
and the final 60 seconds of the treatment were used as the
measures. The Mindmedia NeXus-10 neuro- and biofeed-
back system was used to collect this data. The psycholog-
ical parameters were working memory capacity, summed
ratings of negative affect, and summed ratings of positive
affect. Data on these were collected immediately before
and after the treatment.

Positive and negative affect were scored with the PANAS-
scale [4]. The working memory test consisted of read-
ing sequences of random digits to a participant and after
each asking the participant to repeat the sequence. The
sequence length increased by one each time until the par-
ticipant made two consecutive errors. The sum of the cor-
rectly recalled sequences was taken as the score. These
measures were taken immediately before and after the
treatment, and the treatment score was taken as the dif-
ference between the pre- and post-treatment measures. All
physiological and psychological measures were made by
the same person for all participants. All questionnaires and
tests were conducted in Finnish.

Procedure
The participants were told that some would sit in real na-
ture and some in virtual nature. They could look in different
directions in real and virtual nature while being seated. De-
tails of the measurements to be taken were included in a
consent form that those who wished to participate filled in
before the experiment. Participants received a movie ticket
in return for their time.

For the real condition, individual participants met one of the
researchers at the edge of the forest, and then both walked
to the test location, which took about 7 to 8 minutes. Par-
ticipants were asked to sit in the chair for approximately
10 minutes to allow their heart rate to return to the resting



heart rate after the walk. During this time, they completed
a demographic data collection questionnaire, followed by
the pre-treatment working memory test and the positive and
negative affect questionnaire. Then the measuring equip-
ment was introduced, and the electrodes were fitted. Partic-
ipants were asked to sit quietly for the duration of the treat-
ment period of 10 minutes. After this, the electrodes were
removed, and the participants were asked to fill in again the
positive and negative affect questionnaire and complete the
working memory test. Finally, the researcher walked with
the participant back to edge of the forest.

For the two VR conditions, the procedure was similar but
not identical. The tests took place in two sound-proof rooms,
one on each university campus. The mean temperature
was approximately 20-22 °C, but the temperature variation
was larger outdoors (from 18 to 26 °C). Once the partici-
pants entered the room, the procedure was the same as
with the real nature condition. After the pre-treatment tests
were completed, participants put on an HTC Vive headset.
This was removed at the end of the period, and before the
post-trial measurements began.

Data Analysis
Because the between-participants design introduces the
normal variation between participants in the analysis, we
chose to study the extent of the changes within individ-
uals. The observed data was the difference between the
early period (first 60 seconds) and late period (last 60 sec-
onds) in-trial measures for the physiological variables, and
between the pre- and post- measures for the psychologi-
cal variables. For calculating HRV and EDA data, we used
MATLAB extensions HRVAS and LEDALAB. For each mea-
sure, we took the median of the differences within a group
(real, VR 3D model, and VR 360-video), and then com-
pared the three groups in pairs. For each pair, we used the

Median difference

Measure Real VR 3D VR 360

HRV 6.15 (8) -8.9 (8) -10.85 (8)
HR (BPM) -4.9 (8) 2.3 (8) 0.5 (8)
EDA -0.24 (8) -1.34 (7) -0.61 (8)

Table 1: Medians of observed end trial - start trial differences in
physiological measures (and number of observations).

absolute difference between the medians as the observed
statistic.

To test for the statistical significance of the differences,
we used permutation tests [8, 6] that do not depend on
as many assumptions on the sample distribution as some
other tests, such as t-test and ANOVA [5]. Individual differ-
ence data for a pair of groups were first pooled. Then two
random samples of the same size were created from the
pool by sampling without replacement, and the absolute dif-
ference of the medians of these was calculated and saved.
This was repeated 10000 times. We were interested in the
number of times this process produced a value as great or
greater than the observed statistic.

Results
Physiological Measures
Table 1 shows the medians of differences between the end
of the trial and the beginning, so a positive value indicates
an increase in the measure throughout the trial. Heart rate
variability (HRV/RMSSD) increased over the trial in the real
condition but decreased in both VR conditions. Heart rate
in beats per minute decreased in the real condition but in-
creased or changed very little in the VR conditions. The
skin conductance decreased in all conditions. We exam-



Between group comparisons

Real vs Real vs VR 3D vs
VR 3D VR 360 VR 360

HRV 15.05 17 1.95
p(Ho) 0.05 0.02 0.92

HR (BPM) 7.2 5.4 1.8
p(Ho) 0.02 0.01 0.43

EDA 1.11 0.37 0.74
p(Ho) 0.06 0.29 0.70

Table 2: Physiological measure comparisons between groups in
terms of absolute differences between medians.

ined the probabilities that differences between the groups
have occurred by chance using the resampling approach
described above.

Table 2 shows that for the measures of HRV and of HR,
there was a significant difference between the real and the
2 virtual conditions, but not between the 2 virtual conditions.
Thus, the real nature condition had higher HRV values and
lower heart rate values than either of exposure to virtual
nature. For the EDA comparisons, there were no signifi-
cant differences between groups, although the difference
between the real condition and the VR 3D was close to sig-
nificance at p = 0.06.

Psychological Measures
If attention restoration had taken place, we would expect
an increase in working memory capacity (+ median). Also,
if the affective state had been restored, we would expect
a decrease in rating of negative affect (- median) and an

Median difference

Measure Real VR 3D VR 360

Working Memory 0 (8) 2 (8) 1.5 (8)
Negative Affect -4.5 (8) -4.5 (8) -1.5 (8)
Positive Affect -1 (8) 0 (8) -4 (8)

Table 3: Medians of observed end trial - start trial differences in
psychological measures (and number of observations).

increase in rating of positive affect (+ median). Table 3 sug-
gests that the virtual conditions produced an increase in
working memory while the real condition did not. All con-
ditions produced a decrease in negative affect, while the
real and VR 360 conditions produced a decrease in positive
affect.

Table 4 shows that the differences in changes in working
memory capacity between the virtual conditions and the
real condition were not significant. The real condition pro-
duced a significantly greater decrease in negative affect
than the VR 360 condition. There was however no signif-
icant difference between the VR conditions in spite of the
observed differences between the medians. There were
no significant differences between the groups in terms of
changes in positive affect.

Discussion
We have investigated physiological, cognitive, and affective
parameters to quantify the restorative benefits of spending
time in a virtual representation of a real forest compared
with those obtained from the actual forest. The results for
HRV and HR showed that the real condition was signifi-
cantly more restorative from the virtual counterparts, but
the two virtual conditions did not differ. EDA decreased in



Between group comparisons

Real vs Real vs VR 3D vs
VR 3D VR 360 VR 360

Working Memory 2 1.5 0.5
p(Ho) 0.15 0.20 1

Negative Affect 0 3 3
p(Ho) 1 0.03 0.19

Positive Affect 1 3 4
p(Ho) 0.97 0.37 0.37

Table 4: Psychological measures comparisons between groups in
terms of absolute differences between medians.

all conditions but less in the real condition than in the vir-
tual conditions. Overall, the data suggested an increased
parasympathetic activity ("rest and digest") for the real con-
dition and a decreased activity for the VR conditions. Fur-
thermore, all conditions decreased sympathetic nervous
system activity ("fight or flight" response) to some extent.

In terms of emotion, negative affect was reduced in all con-
ditions. The real and the VR 360 condition differed signifi-
cantly, while the real and VR 3D condition did not. The data
showed reduced positive affect for the VR 360 condition.
Some participants said they disliked the experience of hov-
ering above the ground in VR 360, a limitation of 360 tech-
nology, which could explain the negative effect. Cognitive
performance, as measured by working memory, may have
improved in the virtual condition but not in the real condi-
tion. A possible explanation for this, and the lack of positive
restoration evidenced by EDA in the real condition, is that
the walk to the test site in the real forest was restorative

in itself. If so, the participants would be partly restored by
the time the test began. In summary, the findings of mea-
sured psychological factors are less clear than the findings
of physiological measures. Previous work has also resulted
in mixed findings.

The first limitation of this study was the number of partici-
pants (8) in each condition, which was a result of the time
available for the study. The second limitation was that we
only assessed convergent thinking. To give a more compre-
hensive picture of restoration, measuring divergent thinking
(i.e., associative, creative information processing) would
also be useful.

Conclusions
While the real forest was more restorative than the vir-
tual forests, some benefits could still be obtained using
head-mounted displays. This is a promising finding since
the number of people unable to visit natural environments
increases due to urbanization. At the same time, head-
mounted displays and other technologies capable of cre-
ating immersive experiences become more affordable and
popular. Furthermore, we found that the 3D model of a for-
est was emotionally more restorative than the 360-degree
video. For the future, we plan broader comparative studies
of real and virtual natural environments that take additional
aspects such as multisensory stimulation of restoration into
account.

Acknowledgements
The study was supported by Business Finland (grant num-
ber 994/31/2019). Collaboration with the Tampere Uni-
versity of Applied Sciences is gratefully acknowledged for
their contribution in producing the 3D forest model. We also
thank Pertti Huuskonen for creating the audio soundscape
and all participants for their time and enthusiasm.



REFERENCES
[1] Allison P. Anderson, Michael D. Mayer, Abigail M.

Fellows, Devin R. Cowan, Mark T. Hegel, and Jay C.
Buckey. 2017. Relaxation with immersive natural
scenes presented using virtual reality. Aerospace
Medicine and Human Performance 88, 6 (2017),
520–526.

[2] Matilda Annerstedt, Peter Jönsson, Mattias
Wallergård, Gerd Johansson, Björn Karlson, Patrik
Grahn, Åse Marie Hansen, and Peter Währborg. 2013.
Inducing physiological stress recovery with sounds of
nature in a virtual reality forest—Results from a pilot
study. Physiology & Behavior 118 (2013), 240–250.

[3] Giovanna Calogiuri, Sigbjørn Litleskare, Kaia A.
Fagerheim, Tore L. Rydgren, Elena Brambilla, and
Miranda Thurston. 2018. Experiencing nature through
immersive virtual environments: environmental
perceptions, physical engagement, and affective
responses during a simulated nature walk. Frontiers in
Psychology 8 (2018), 2321.

[4] John R. Crawford and Julie D. Henry. 2004. The
Positive and Negative Affect Schedule (PANAS):
Construct validity, measurement properties and
normative data in a large non-clinical sample. British
Journal of Clinical Psychology (2004), 245–265.

[5] Pat Dugard. 2014. Randomization tests: A new gold
standard? Journal of Contextual Behavioral Science 3,
1 (2014), 65–68.

[6] Eugene Edgington and Patrick Onghena. 2007.
Randomization tests. CRC Press, Boca Raton, FL,
USA.

[7] Stephan M. Gerber, Marie-Madlen Jeitziner, Patric
Wyss, Alvin Chesham, Prabitha Urwyler, René M.

Müri, Stephan M. Jakob, and Tobias Nef. 2017.
Visuo-acoustic stimulation that helps you to relax: A
virtual reality setup for patients in the intensive care
unit. Scientific Reports 7, 1 (2017), 13228.

[8] David C Howell. 2009. Statistical Methods for
Psychology (6 ed.). Thomson Wadworth.

[9] Peter H. Kahn, Batya Friedman, Brian Gill, Jennifer
Hagman, Rachel L. Severson, Nathan G. Freier,
Erika N. Feldman, Sybil Carrère, and Anna Stolyar.
2008. A plasma display window?—The shifting
baseline problem in a technologically mediated natural
world. Journal of Environmental Psychology 28, 2
(2008), 192–199.

[10] Christina Kazzi, Conner Blackmore, Fatemeh Shirbani,
Isabella Tan, Mark Butlin, Alberto P. Avolio, and
Edward Barin. 2018. Effects of instructed meditation
augmented by computer-rendered artificial virtual
environment on heart rate variability. In 2018 40th
Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC).
IEEE, 2768–2771.

[11] Lucy E. Keniger, Kevin J. Gaston, Katherine N. Irvine,
and Richard A. Fuller. 2013. What are the benefits of
interacting with nature? International Journal of
Environmental Research and Public Health (2013),
913–935.

[12] Taekyu Kim and Sangwon Lee. 2018. Restorative
Effects of Exercise in Virtual Environments. In
Proceedings of the 9th Augmented Human
International Conference. ACM, 33.

[13] Anette Kjellgren and Hanne Buhrkall. 2010. A
comparison of the restorative effect of a natural
environment with that of a simulated natural



environment. Journal of Environmental Psychology 30,
4 (2010), 464–472.

[14] Elisa Menardo, Margherita Brondino, Rob Hall, and
Margherita Pasini. 2019. Restorativeness in Natural
and Urban Environments: A Meta-Analysis.
Psychological Reports (2019).

[15] Nature Treks VR. 2020. https://store.
steampowered.com/app/587580/Nature_Treks_VR/.
(2020). Accessed: 2020-02-10.

[16] Gunnthora Olafsdottir, Paul Cloke, André Schulz, Zoé
Van Dyck, Thor Eysteinsson, Björg Thorleifsdottir, and
Claus Vögele. 2018. Health benefits of walking in
nature: a randomized controlled study under
conditions of real-life stress. Environment and
Behavior (2018), 1–27.

[17] Relax Walk VR. 2020. https://store.steampowered.
com/app/645340/Relax_Walk_VR/. (2020). Accessed:
2020-02-10.

[18] Shinrin-yoku: Forest Meditation and Relaxation. 2020.
https://store.steampowered.com/app/774421/
Shinrinyoku_Forest_Meditation_and_Relaxation/.
(2020). Accessed: 2020-02-10.

[19] Deltcho Valtchanov. 2010. Physiological and affective
responses to immersion in virtual reality: Effects of
nature and urban settings. Master’s thesis. University
of Waterloo.

[20] Deltcho Valtchanov, Kevin R. Barton, and Colin Ellard.
2010. Restorative effects of virtual nature settings.
Cyberpsychology, Behavior, and Social Networking 13,
5 (2010), 503–512.

[21] Jie Yin, Shihao Zhu, Piers MacNaughton, Joseph G.
Allen, and John D. Spengler. 2018. Physiological and

cognitive performance of exposure to biophilic indoor
environment. Building and Environment 132 (2018),
255–262.

[22] Chia-Pin Yu, Hsiao-Yun Lee, and Xiang-Yi Luo. 2018.
The effect of virtual reality forest and urban
environments on physiological and psychological
responses. Urban Forestry & Urban Greening 35
(2018), 106–114.

https://store.steampowered.com/app/587580/Nature_Treks_VR/
https://store.steampowered.com/app/587580/Nature_Treks_VR/
https://store.steampowered.com/app/645340/Relax_Walk_VR/
https://store.steampowered.com/app/645340/Relax_Walk_VR/
https://store.steampowered.com/app/774421/Shinrinyoku_Forest_Meditation_and_Relaxation/
https://store.steampowered.com/app/774421/Shinrinyoku_Forest_Meditation_and_Relaxation/

	Introduction
	Previous Work
	Methods
	Participants
	Experimental Design
	Real and Virtual Environments
	Measures
	Procedure
	Data Analysis

	Results
	Physiological Measures
	Psychological Measures

	Discussion
	Conclusions
	Acknowledgements
	REFERENCES 

