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ABSTRACT
Exposure to nature has been shown to have a positive effect on
people’s mental health. Little research has compared restorative
effects of simulated nature presented by different media. Here, we
investigated stress recovery when viewing a computer-generated
nature setting presented in visual and pictorial space in virtual reality. Participants experienced a stress induction task and were then
put into one of two relaxation scenarios: they either viewed the
nature scene in visual space, (they were immersed into it; presence
condition), or they viewed a large depiction of it in pictorial space
(picture condition). Participants’ affective state was assessed before
and after stress induction, and after relaxation using the ZIPERS
questionnaire. We additionally recorded electrodermal activity as a
measure of physiological arousal. The results revealed that relaxation led to an increase in positive affect scores and a decrease in
electrodermal activity only in the presence condition. The negative
affect scores decreased significantly for both conditions similarly.
Our results show that restoration is more effective in visual than in
pictorial space.
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INTRODUCTION

Recent studies have shown that a modern, fast-paced lifestyle in
urban settings can have negative consequences for one’s overall
health [Kuddus et al. 2020], which in some cases can result in
chronic diseases such as stress, anxiety, and depression [Egger
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and Dixon 2014]. For instance, it has been reported that people
who live in urban areas are more susceptible to developing mood
and anxiety disorders than rural dwellers [Peen et al. 2010]. Such
negative impact of urbanization on health and well-being highlights
the need for more research in this area in order to find relaxation
and stress recovery techniques to improve public health.
One avenue of research that has recently attracted much attention is the potential of nature for restoration. Restoration refers to
the recovery of cognitive resources, such as voluntary attention and
memory, and physiological stress-related resources that have been
depleted in meeting the demands of everyday life [Hartig 2011].
Several studies have shown that exposure to green and natural environments can improve mood, affect, cognition, and relieve stress
[Bowler et al. 2010; Bratman et al. 2015; Grahn and Stigsdotter 2003;
Hartig et al. 2003; Kaplan 1995]. For example, Hartig et al. [2003]
conducted an experiment where subjects were assigned to a slow
walk in an urban or a natural environment. The results demonstrated greater stress reduction and directed attention restoration
after walking in nature compared to in urban surroundings, as
indicated by blood pressure changes and emotional self-reports.
Exposure to nature further increased positive affect and decreased
anger whereas the opposite was found in the urban environment.
These results are in line with findings of other studies showing that
natural environments can lead to a reduction in physiological measures such as electrodermal activity (EDA), heart rate, and blood
pressure [Lee et al. 2009; Tsunetsugu et al. 2010], and can improve
mood to a significantly greater degree than urban environments
[Bodin and Hartig 2003; Geniole et al. 2016; Hartig et al. 1991].
However, for many people living in confined urban environments, getting access to nature and green areas is not always possible. Thus, some studies have focused on finding alternative ways
of restoration and investigated the impact of looking at pictorial
spaces of nature [de Kort et al. 2006; Felsten 2009; Jahncke et al. 2011;
Kinnafick and Thøgersen-Ntoumani 2014; Van den Berg et al. 2003].
A pictorial space is defined as the space depicted in pictures or on
computer screens [Koenderink and van Doorn 2008, 2012, 2003]. To
test the effect of pictorial representation of nature on restoration,
Felsten [2009] presented participants with natural settings depicted
as large murals. The results showed a positive increase in participants’ mood after viewing the murals. These findings suggest that
using large nature murals may provide restoration opportunities
when access to real nature is limited. Although watching videos
and images of nature has shown promising restorative effects, some
studies were unable to replicate the restorative effects of images
and videos of nature, especially in terms of the effect on physiological responses [Brown et al. 2013; Duncan et al. 2014; Song et al.
2018]. One reason for why restorative effects of nature presented in
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pictorial space might not be as prominent as exposure to real nature,
is that they fail to immerse users into the naturalistic setting.
Therefore, the main focus of researchers has been shifted towards
investigating restorative qualities of environments that accurately
mimic the visual space of the real world. Visual space refers to
the space that opens in front of our eyes and where our body
occupies a defined location in [Koenderink and van Doorn 2003].
Recent powerful consumer-oriented virtual reality (VR) devices
have allowed for users to immerse themselves in photo-realistic
computer-generated visual spaces of nature. The potential of VR in
inducing restoration has been investigated extensively in the past
decade [Anderson et al. 2017; Mattila et al. 2020; Valtchanov and
Ellard 2010; Villani and Riva 2012; Yu et al. 2018]. For instance, a
recent study compared the perceived restorative qualities of a real
forest to a virtual computer-generated forest viewed by means of
a head-mounted display (HMD) [Mattila et al. 2020]. The results
revealed that the virtual forest was perceived as restorative as the
real forest, suggesting that naturalistic environments presented in
VR can be considered a suitable surrogate of real nature.
Only few studies have compared the extent of restorative effects elicited by VR and other media, like pictures and videos. For
instance, Villani and Riva [2012] developed a six-session stress
management protocol to examine the role of different interactive
media in stress management. Participants experienced relaxation
exercises supported by a narrative either preceded by letting them
navigate freely within the VR nature environment, by passively
viewing a video of the same environment, or by only listening to
the narrative without visual input. The results demonstrated the
efficacy of all three media in inducing positive emotions; however,
the active exploration condition showed a higher potential in reducing heart rate and improving participants’ emotional state. In
another study, Valtchanov et al. [2010] examined restorative effects
after stress induction in VR when either letting participants freely
explore a virtual nature setting or when letting them view a slide
show of abstract paintings. They found increased positive affect and
decreased stress in the nature compared to the painting condition.
In both studies mentioned above, the VR conditions elicited more
potent restorative effects compared to watching videos and viewing
pictures. In these studies, however, the experimental conditions
differed not only in terms of whether the content was presented in
visual or pictorial space, but also in terms of their interactability
[Villani and Riva 2012], and the content presented [Valtchanov
et al. 2010]. The current study was designed to investigate and
compare the restorative effects of simulated nature presented in
visual and pictorial space. Participants passively viewed the same
virtual environment, when either being placed in the middle of the
nature scene (presence condition), or when sitting in an enclosed
virtual room and viewing a large image of the scene (picture condition). Participants first completed a stress induction task to increase
their stress levels beyond what is normally experienced and then
experienced either the presence or picture condition. Restorative
effects were measured subjectively using the ZIPERS questionnaire
[Zuckerman 1977]. Furthermore, we chose EDA as an objective measure of stress as it was previously shown to be a reliable objective
measure in similar contexts [Menardo et al. 2019; Valtchanov et al.
2010; Valtchanov and Ellard 2010]. We hypothesized that viewing
the virtual nature scene in the presence condition would be more
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immersive and would have higher restorative effects than looking
at a picture of the same environment.

2 METHODS
2.1 Participants
Due to the COVID-19 pandemic, we were unable to test all of the
planned participants as University policies forced us to stop studies
involving human subjects. Before the lockdown, 23 participants (13
women and ten men) with ages between 18 and 32 years (M = 25.36,
SD = 4.1) had taken part in this experiment. All participants had
normal or corrected-to-normal vision. One participant withdrew
from the experiment during the stress induction. The analysis was
performed on the remaining 22 participants. The experiment was
approved by the Office of Research Ethics of York University.

2.2

Virtual Scene and Measurements

The virtual environment was designed in the Unity game engine and
presented by means of an HTC VIVE Pro HMD with a resolution of
2880 x 1600 px (1280 x 1440 px per eye with 1280 x 1280 px binocular
field) and a refresh rate of 90 fps. The rotation and translation of
the HMD was tracked by two base stations and the virtual scene
responded to all six degrees of freedom. The scene was generated
and controlled by a high-end graphics computer (Intel Core i7 CPU,
16 GB of RAM and a NVIDIA 1080 GTX graphics card).
The experiment was composed of two phases: a stress induction
phase and a relaxation phase. The environment in the stress induction phase consisted of a dark room (4 by 5 m) with a user interface
projected on the front wall. Participants sat 3 m away from the projected user interface on the wall in front of them. The restoration
phase consisted of one of two possible conditions (Figure 1):
• Presence condition: Participants were located in the middle
of a realistic virtual forest next to a large lake. They could
see the naturalistic scene around them by moving their head.
• Picture condition: Participants were located in the middle of
a 4 by 5 m room without any windows. They could see a 2.5
x 3.6 m large picture of the same scene as in the presence
condition, taken from their seating position, hanging on the
wall in front of them.

Figure 1: Screenshots of the simulated nature environment
in the presence condition (left) and picture condition (right).
Restorative effects were measured in two different ways. As a
subjective measure, we used the Zuckerman Inventory of Personal
Reactions (ZIPERS) self-report questionnaire [Zuckerman 1977].
ZIPERS consists of 12 items and measures both positive and negative
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affect in participants. Each item of the questionnaire has to be
rated on a 5-point Likert scale. This questionnaire was found to
be an effective and reliable measure for restoration in previous
research [Hartig et al. 1991; Ulrich et al. 1991; Valtchanov and
Ellard 2010]. Moreover, we recorded EDA as an objective measure
of physiological stress using the ProComp Infiniti recording device
with a sampling rate of 8 Hz.

2.3

Procedure

Participants sat at a desk and were first equipped with the EDA
sensors on their non-dominant hand. We asked participants to keep
the hand with the EDA sensors lying on the table as still as possible
during the experiment to reduce measurement noise and artifacts.
Participants then filled out the ZIPERS questionnaire to establish a
baseline for the self-reported affective state. At the same time, participants’ EDA response was recorded for two minutes as a baseline.
Participants were then equipped with the HMD and experienced
the stress induction session first, and were then assigned to one
of the two relaxation conditions. We attempted to assign equally
many women and men to the two conditions (presence condition: 6
women, 5 men; picture condition: 6 women, 5 men). Upon entering
the stress induction environment, participants were instructed to
point at the numbers on the interface projected on the front wall
with the controller and get familiar with using the trigger button
on the VR controller to select the numbers. They could point to the
buttons using a red beam attached to the HTC VIVE controller in
the virtual room. Then, they were verbally signalled to press the
start button and commence the 10-minute stress induction session
during which they were asked to use mental arithmetic to solve
ten difficult multi-step arithmetic questions (e.g., 33 × 75 + 155 = ?)
within 60 seconds per question. Simultaneously, loud street traffic
and construction noise was played through the headphone of the
HMD to make the task more difficult and to further aggravate the
participants. This task has previously found to be very effective at
increasing stress and inducing negative mood [de Kort et al. 2006;
Valtchanov et al. 2010]. Subjects were also given feedback after
every incorrect response to induce further stress.
After the stress induction phase, participants took off the HMD
and immediately filled out the ZIPERS questionnaire for two minutes while their EDA was recorded. The EDA data were marked
with the start and the end of the two-minute interval. After participants had filled out the questionnaire, they were fitted with the
HMD again and were assigned to the presence or the picture condition (Figure 1). Participants were instructed to relax in the virtual
environment for seven minutes. They were free to move their heads
and look at the scene around them. After the restoration phase,
participants again took off the HMD and filled out the ZIPERS for
two minutes to measure the virtual environments’ effect on their
emotional state. Once again, the EDA data were marked with the
start and the end of the two-minute interval. The experiment was
run in one session, which lasted about 40 minutes.

3 RESULTS
3.1 Stress Induction Phase
Participants’ EDA responses were normalized with respect to the
baseline epoch to account for individual differences by subtracting
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each participant’s average EDA during the baseline period from
the EDA responses (setting the baseline to 0). Since all participants
experienced the same stress induction task, the data were collapsed
across the between-subjects groups. Repeated measures analyses
of variance (ANOVAs) were performed to analyze the data.
Participants’ EDA significantly increased as a result of the stress
induction task, 𝐹 (1,21) = 18.04, 𝑝 < .001 (Figure 2). The results
of the ZIPERS questionnaire revealed a similar pattern (Figure 3).
Participants reported a significant decrease in positive affect, 𝐹 (1,21)
= 90.58, 𝑝 < .001 (baseline: 𝑀 = 3.12, 𝑆𝐷 = 0.5; after stress induction:
𝑀 = 1.89, 𝑆𝐷 = 0.53). The scores of participants’ negative affect
significantly increased, 𝐹 (1,21) = 48.93, 𝑝 < .001 (baseline: 𝑀 =
1.16, 𝑆𝐷 = 0.35; after stress induction: 𝑀 = 2.3, 𝑆𝐷 = 0.75). These
results show that the stress induction task was effective in inducing
negative mood and stress in participants.

3.2

Restoration Phase

Separate repeated measures ANOVAs were used to analyse the
effect of condition (picture vs. presence) on participants’ EDA and
ZIPERS scores from after stress induction to after restoration.
The results of the ANOVA on the EDA results with time as withinsubject factor and condition as between-subjects factor indicated a
significant interaction between condition and time, 𝐹 (1,20) = 4.7, 𝑝
= .042, suggesting that the two conditions had different effects on
participants’ stress level. Pairwise comparisons between post stress
and post restoration showed that EDA significantly decreased in
the presence condition (𝑡(10) = 4.3, 𝑝 = .001) to a level that was
statistically not different from baseline (𝑡(10) = .15, 𝑝 = .884). In the
picture condition, no such decrease of EDA could be observed (𝑡(10)
= 0.77, 𝑝 = .411). Figure 2 shows the EDA results.

Figure 2: Normalized EDA scores at baseline level, after
stress induction and after the relaxation phase for the presence and picture condition. Error bars represent SEM.
Similar to the EDA results, the ANOVA on the ZIPERS positive
affect scores revealed a significant interaction between time and
condition (𝐹 (1,20) = 57.57, 𝑝 < .001), suggesting that the two viewing conditions had different effects on participants’ positive affect.
Pairwise comparisons showed that experiencing the nature scene in
the presence condition significantly increased positive affect scores
(𝑡(10) = -7.97, 𝑝 < .001) to a level that was even higher than baseline
(𝑡(10) = -5.16, 𝑝 < .001). No increase in positive affect scores from
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post stress to post restoration was found in the picture condition
(𝑡(10) = -1.15, 𝑝 = .75). The results are shown in Figure 3 (top).
For the negative affect scores, the interaction between time and
condition was not significant (𝐹 (1,20) = 3.41, 𝑝 = .12). This indicates
that the change in negative affect from post stress to post restoration did not differ between the two conditions (Figure 3, bottom).
However, post-hoc analyses showed that participants’ negative affect in both conditions decreased significantly (picture condition:
𝑡(10) = 3.02, 𝑝 = .008, presence condition: 𝑡(10) = 5.88, 𝑝 < .001). In
the presence condition, negative affect scores after restoration were
statistically not different from baseline level (𝑡(10) = .124, 𝑝 = .904).

Figure 3: Mean ZIPERS positive (top) and negative (bottom)
affect scores (Likert scale 1-5) at baseline, after stress induction, and after restoration phase. Error bars represent SEM.

4

DISCUSSION

In the current study, we investigated the restorative effects of a
computer-generated naturalistic environment after exposing participants to a stressful situation. We manipulated whether participants
experienced the environment in visual space, by being situated in
and surrounded by the virtual nature scene, or in pictorial space, by
being situated in a virtual room with a large picture showing the
same virtual scene. Restorative effects were measured by administrating the ZIPERS questionnaire, and by measuring physiological
arousal using EDA. We hypothesized that the presence condition
would have a greater restorative effect than the picture condition,
reflected in both subjective and objective measures.
The EDA results and positive affect scores supported our hypothesis. Participants’ EDA in the presence condition showed a
significant reduction after experiencing the restoration phase. However, this was not the case in the picture condition. A significant
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increase in participants’ positive affect was also observed only in the
presence condition. These results have several implications. First,
a decrease in EDA and an increase in positive affect demonstrates
that a naturalistic setting experienced in VR can be an effective tool
to promote restorative effects in users when access to real nature is
not feasible. These results are in line with previous research that
has reported an improvement in mood and affect after experiencing
a restoration session in virtual naturalistic settings [Anderson et al.
2017; Freeman et al. 2004; Villani et al. 2007; Yu et al. 2018]. Second,
our results show that a virtual naturalistic setting can have sufficient restorative qualities even without active exploration of the
environment. Participants’ stress level in the presence condition
decreased even though they were only experiencing the environment from a stationary location. Third, our data suggests that being
immersed in the virtual nature scene has a stronger restoration
effect than when looking at a picture of the scene. Future research
has to determine whether similar effects will be obtained when
comparing restoration in 3D computer-generated environments
with immersion in a 360◦ image that does not provide parallactic
motion and binocular disparity of the nature scene.
Although previous research has reported that looking at images
and videos of nature scenes can elicit restoration to some extent
[Felsten 2009; Kinnafick and Thøgersen-Ntoumani 2014; Van den
Berg et al. 2003; Wang et al. 2016], our experiment was not able to
replicate those findings. EDA and positive affect scores in the picture
condition did not change during the restoration phase. A critical
difference between our experiment and the studies reported above
is that those studies used pictures and videos of real nature while in
our study participants experienced a pictorial version of simulated
nature. Our computer-generated stimuli are not as realistic and
rich as pictorial representations of real nature which might have
mitigated the restoration qualities of our picture condition.
The results of the negative affect scores show that the presence
and picture condition did not statistically differ in their effect on
participants’ negative affect. Both environments significantly reduced participants’ negative affect scores. While this might suggest
that looking at a picture of nature can reduce negative emotions and
feelings to a similar degree than being immersed in it, it could also
be argued that merely disengaging from a stressful environment
could have the same recovery effect.
The findings of this experiment suggest that being immersed
in a naturalistic environment in visual space is more effective in
inducing restoration, than when looking at a picture of the same
environment. The difference is highly significant even though both
conditions were experienced in virtual reality. However, an important question remains: What are the key factors that distinguish the
presence condition from the picture condition in inducing different
restoration levels? The visual space of nature environments contains important factors that are typically not available in pictures.
These include motion parallax, binocular disparity, and a larger
field-of-view. Since these factors were not available in the picture
condition, they likely contribute to the different effects on restoration. Future experiments are needed to independently investigate
the relative role of these three factors in inducing restoration after
stress induction in environments with different restorative qualities
presented in visual and pictorial space.
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