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Abstract. Stress and its related mental conditions are an increasing concern in
modern societies. Natural settings have been shown to reduce stress and anxi-
ety levels and help restore lost physical-psychological resources. The Perceptual
Fluency Account associates this restorative potential with nature’s fractal charac-
teristics, which facilitate their visual processing. While many studies have shown
the value of Virtual Reality Nature for stress reduction and even treatment, no
study of Virtual Reality fractal abstract worlds for restoration has been found. We
question whether an abstract fractal-based environment can have similar restora-
tive effects to a realistic nature-based environment in Virtual Reality. A total of
39 participants took part in two studies. In the first one, two groups (N = 19)
of participants performed a collecting task in a fractal- or nature-based environ-
ment. The results showed that both environments were perceived as restorative
and significantly reduced stress. To infer how the existence of a task modulated
the results, in the second study, with 20 participants split into two groups, partici-
pants were exposed to the same environments, this time without a task. The results
showed that the condition was significantly more restorative for the fractal-based
environment when no task was performed. To conclude, fractal-based abstract
environments show potential to be used for restoration purposes, but the extent to
which having a task influences restorativeness needs further research.
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1 Introduction

Stress is the physical and psychological response to demanding circumstances in life
that threaten our well-being, and it has been recognized as a major challenge worldwide
for workers’ health and academic performance [1, 2]. Though generally a part of life, it
is directly and/or indirectly linked to mental disorders such as PTSD, acute symptoms of
stress/acute stress reaction, depression, and anxiety [3]. Stress-related issues will likely
increase as the world population in urban areas increases [3, 4].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
J. Abdelnour Nocera et al. (Eds.): INTERACT 2023, LNCS 14145, pp. 3–22, 2023.
https://doi.org/10.1007/978-3-031-42293-5_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-42293-5_1&domain=pdf
http://orcid.org/0000-0003-1157-5777
http://orcid.org/0000-0002-5352-0128
https://doi.org/10.1007/978-3-031-42293-5_1


4 D. C. G. Mendes and M. S. Cameirão

Life in the city is typically taintedwith longwork hours,mental pressure, and a lack of
contact with nature, all associated with reduced levels of happiness and self-satisfaction
[5]. Moreover, the characteristic features of urban landscapes (e.g., traffic noise, visual
clutter, scarce vegetation) can negatively affect our psychological responses [5, 6]. Au
contraire, natural settings (e.g., forests, coasts) have been shown to have very positive
psychological effects, reducing stress and anxiety levels and helping to restore or recover
the physical and psychological resources lost while adapting to daily demands, a process
known as restoration [7, 8].

A few theories have attempted to explain the restorativeness of different environ-
ments. The Stress Reduction Theory (SRT) posits that humans subconsciously prefer
natural environments as a product of our evolution, feelings of safety and survival that
reduce negative thoughts and induce stress recovery [9]. The Attention Restoration The-
ory (ART) states that urban environments burn out our attention resources for needing
constant directed attention, while, the ‘soft fascinations’ nature provides reduce men-
tal fatigue and stress levels [10]. Other theories associate nature’s restorative potential
with its mathematical characteristics. The Perceptual Fluency Account (PFA) consid-
ers that the fractal characteristics of nature allow us to process it more effectively than
human-made non-fractal environments, increasing their healing potential [11]. Fractals
are described here as “patterns that repeat at increasingly fine sizes and so create shapes
of rich visual complexity” (B. B. Mandelbrot in [12, p. 1]). Studies on fractal art and
architecture have shown that they help reduce stress and fatigue and that exposure to
abstract non-fractals can have negative effects [12, 13].

Most studies in the field of restorative environments have involved the use of pho-
tographs, slides, or videos [14]. Nevertheless, in recent years Virtual Reality (VR) has
become a common format for environmental simulations. Some studies using fractals in
VR have also shown that they help reduce stress [15, 16]. To the best of our knowledge,
no studies have used abstract fractals in a VR setting for restoration purposes. To fill
this gap, we conducted two studies to evaluate the restorative potential of abstract frac-
tal landscapes compared to exposure to realistic nature in immersive VR. Both studies
explored two base conditions: fractal-abstract and nature-realistic environments. Per-
ceived stress levels and perceived restorativeness of these environments were measured.
In the first study, the participants explored the VR environment while collecting crystals.
In contrast, in the second study, the participants explored the same environments without
crystals to determine to what extent the crystal-collecting task might have influenced the
results of our first study. Our results suggested that both environments, with or without a
task, significantly reduced perceived stress and showed similar scores of restorativeness.

2 Related Work

2.1 Restorative Features of Nature and Urban Environments

Several studies have shown the restorative potential of nature exposure, even in urban set-
tings [7, 12]. Studies have also suggested features that potentially determine our affective
responses to natural environments, such as easily readable spaces with visible pathways,
water features, large trees, and sometimes a good balance with man-built elements [6,
7]. Even indoor environments can be restorative as long as there is a greater presence of



Comparing Perceived Restorativeness and Stress Reduction in Virtual Reality 5

trees and forested areas, and indoor views of trees and green landscapes, indoor green-
ery such as plants and nature walls [5, 6, 12]. The restorative potential of light is also
important to remember, as studies suggest that increased sunlight decreases negative
affect, tiredness, and psychological distress, and increases cognitive performance and
other beneficial effects, as opposed to dark and overcast environments [17].

It has also been suggested that the activities performed in these environments are
equally important, especially if the goal is to create a virtual reality nature environment.
A revision of the literature suggests that contemplative activities (e.g., mindfulness and
interaction with animals) are more restorative than movement-based, cybersickness-
inducing activities (e.g., walking) [18].However, qualitative data froma study on restora-
tive environments in the automotive context suggested that, since urban users are gen-
erally disconnected from nature and more accustomed to active relaxing activities (e.g.,
playing games), these could be more suitable for such users [19].

2.2 Virtual Reality for Restoration

The value of VR nature environments to treat both complicated stress and stress-related
clinical mental illnesses like anxiety or depression has also been studied, being consid-
ered a viable alternative whenever in-vivo exposure is not possible or not recommended
[19–21]. The Virtual Therapeutic Garden reduced depression and stress in a sample
of elderly women who had shown no improvement after receiving standard treatment
[22]. The Secret Garden, an at-home 10-min exposure to 360º VR video for dealing
with the psychological distress associated with the COVID-19 lockdown, resulted in
reduced depression and stress symptoms [23]. The Tranquil Cinematic VR, a simulation
of natural landscapes through 360º videos deployed on a Head-Mounted Display, led
to a significant reduction of subjective stress levels in frontline workers employed by
COVID-19 treatment units [24]. Finally, EMMA’s World, which uses different natural
scenarios to induce and amplify different emotions, helped patients process stressful
events in several interventions [25, 26].

2.3 The Restorative Potential of Fractals

Studies have also shown that fractal shapes can provide pleasing experiences due to
the effortless attention required [12, 13, 27]. Fractal art and architecture, for instance,
have been shown to reduce stress and fatigue compared to chronic exposure to abstract
non-fractals, which can have negative effects in the long run [12, 13]. A study devoted
to optimizing restoration in a virtual nature environment by emphasizing nature’s fractal
geometries showed users’ preference for a determined dimension of fractals and a trend,
with no statistically significant results, for stress recovery after exposure to this optimal
fractal dimension [15]. However, up until now, no application of abstract fractal shapes
in a VR environment has been found. Animator Julius Horsthuis has created an appli-
cation in VR as an artwork that shows abstract fractal landscapes in VR as a cinematic
experience rather than free exploration. Still, no studies on the effect of this particular
experience on people’s emotional and psychological well-being have been found [28].
Closer to the use of abstract fractals in VRwas the presence of organic abstract art slides



6 D. C. G. Mendes and M. S. Cameirão

in an immersive virtual environment as a control condition in a study on the restora-
tiveness of natural environments, where it was shown that exposure to these slides also
reduced stress [16].

This has led us to question the following: First, would an abstract VR environ-
ment based on fractal shapes have restorative effects? We hypothesized that an abstract
VR environment using fractal shapes would reduce perceived stress and be considered
restorative. Second, does the fact of having a specific activity to perform in the environ-
ment influence the results obtained? Based on the literature, we hypothesize that having
a task will increase the perceived restorativeness and bring greater levels of perceived
stress relief.

3 Study 1. Fractal Abstract Environments for Restoration

This study aims to determinewhether a VR environment based on abstract-fractal shapes
and geometries reduces perceived stress and is perceived as restorative. It aims to answer
our first research question: does an abstract VR environment based on fractal shapes have
restorative effects?

3.1 Methods

ExperimentalDesign.Thiswas an independent sample experiment, and the independent
variable was the virtual environment the participants were exposed to in two conditions:
1) VR abstract-fractal or 2) VR realistic-nature. There were two dependent variables:
perceived levels of stress and perceived restorativeness.

Experimental Environments. The environments have been developed using Unity 3D
and were deployed in a high-end Head-Mounted Display (HMD), the Oculus Quest 2.
The abstract-fractal setting had an irregular terrain similar to clouds, with abstract shapes
and particle systems with fractal characteristics (Fig. 1). The realistic-nature setting
depicted a forest-like environment, with spacious paths and areas with trees, bushes, and
irregular terrain (Fig. 2). As sound and light have proven to influence stress reduction and
perceived restorativeness, both environments had the same daytime cloudless sky and no
background music or sound. Despite navigation not being the focus of this study, both
environments were characterized by interconnected paths distributed in about 4 Km2 of
virtual terrain, and had some ‘built’ elements that could work as landmarks (Fig. 1a, 1b
and 1c; and 2a and 2b), and their high ground was made non-teleportable to make them
as realistic as possible and to avoid reaching its limits. The environments’ paths were
teleportation areas that the participant used to move around with a pointer (Fig. 1c and
2c), and magic interaction was used (a virtual pointer) to grab objects (Fig. 2d). Some
interactable objects were included in both scenes, but to a limited extent (Fig. 1e and
2e). Both environments had crystals instantiated at random points of the terrain (Fig. 1d
and 2d), and both groups were assigned to collect these crystals while exploring the
environment.

Measures. A demographics questionnaire was used to obtain information about the
participant’s age, gender, whether they consider themselves a city or country person,
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Fig. 1. Fractal-Abstract virtual environment.

Fig. 2. Nature-Realistic virtual environment.

previous experience with VR using HMDs, and previous video gameplay experience.
This was to keep track of possible confounding variables such as their place iden-
tity (‘dimensions of self that define the individual’s personal identity in relation to the
physical environment’ (Proshansky, 1978, as cited in [29]) and gaming influence.

The Stress Numerical Rating Scale-11 (SNRS-11) was used before and after the
experiment to measure stress levels. This test consists of numbers equally spaced across
the page from 0 to 10, asking the participants, “On a scale of 0 to 10, with 0 being no
stress and 10 being the worst stress possible, what number best describes your level of
stress right now?”, with participants circling the number that corresponds to their current
level of stress [30]. Despite the existence of other more popular and validated subjective
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stress scales, such as the Perceived Stress Scale (PSS) [31], these are lengthy and assess
past stress to estimate current stress, making them not only prone to retrospective bias but
also not perfectly suitable for measuring context-dependent stress [30]. The SNRS-11
has shown moderate to strong construct validity and moderate concurrent validity and
has shown to be a promising measure for the efficient assessment of current stress.

The extent to which the participants perceived these environments as restorative was
measured with the Perceived Restorativeness Scale (PRS) after the experiment. This
self-response instrument comprises 26 items that evaluate the four restoration factors
proposed by the Attention Restoration Theory (ART): Being away, Fascination, Extent,
and Compatibility [10]. It uses a 7-point Likert scale (0: Not at all - 6: Completely)
with a maximum possible score of 156 points. It has been frequently used for evaluating
restorativeness levels of places and has been reported to have substantial validity and
sensitivity to differences between different sites [32].

A section of open questions was added to collect qualitative data on the most and
least preferred features of these two environments; it is composed of two questions:
What features of this environment did you prefer the most? and What features of this
environment did you prefer the least?

Sample. In this study, the inclusion criteria included being over 18 years old and fluent
or having intermediate knowledge of English. A convenience sample comprising 21
higher-education students and academic workers participated. However, data from 2
participants in the Fractal-Abstract group were not considered for analysis as technical
issues occurred between the first SNRS-11 and exposure to the virtual environment.
The first 20 participants were randomly allocated to the two groups using Random.org
(https://www.random.org/). Since the invalid results from two participants belonging to
the fractal-based group caused an imbalance in the number of participants per group (10
in the nature-based group and 8 in the fractal-based group), the last volunteer participant
was allocated to the fractal-based group. They were finally distributed into two groups:
9 (47.4%) in the Fractal-Abstract group and 10 (52.6%) in the Nature-Realistic group.

Experimental Procedure. The experiment took place at the ARDITI facilities, Tec-
nopolo, Funchal-Madeira. The participants were invited to participate face-to-face by
the main researcher and by email. Before the experiment started, the participants were
told that the study was about restorative environments: landscapes that increase posi-
tive affect and reduce mental fatigue. They were informed about every step and task
of the study, were warned about the possibility of dizziness and eyesores immediately
after exposure, and were reminded that, as volunteers, they could quit the experiment
at any moment. After clarifying any doubts, they signed an Informed Consent. They
then completed the demographics questionnaire and did the stress-inducing writing task
immediately after. For this task, the participants were asked to recall their most stressful
situation within the last six months; whenever they failed to recall such event within the
specified timeframe, this was extended to the most recent they could remember. They
were informed they had 5 min to write while listening to audio in their headphones (the
type of sounds was not specified) and that they could take home or dispose of this text.
The headphones would play loud construction site sounds while they wrote. After this,
the participants completed the SNRS-11. Once complete, the participants put on the
HMD already set up for a stationary area and practiced moving and interacting with the

https://www.random.org/
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environment using the handheld controllers. When participants felt comfortable using
the technology, they were given 10 min to explore the environment and collect the crys-
tals they could find to complete the experimental condition. Once the virtual exploration
was complete, the participants filled in the SNRS-11 and the PRS. Immediately after,
the participants were exposed to a funny video and were offered chocolate to counteract
any possible negative effects of the experience. In the end, we debriefed the participants
on the ultimate goal of the study and took notes of their feedback.

Statistical Analyses. Because of the ordinal nature of the data, nonparametric tests
were used. Specifically, we used theWilcoxon match-paired signed-rank test to examine
differences in perceived stress before and after exposure to the virtual environmentwithin
each group; and theMann-WhitneyU test for between-group comparisons. The threshold
for statistical significance was set at 5% (α = 0.05). The analyses were conducted in
SPSS, version 28.0 [33]. Post-hoc power analyses were carried out using the G*Power
software, version 3.1.9.7 [34].

3.2 Results

DemographicData.Thefinal sample comprised19people agedbetween20 and52years
(63.2%, n= 12 male). The participants were distributed evenly in terms of age, with the
Fractal-Abstract group having an average age of 31 (SD= 8.0) and the Nature-Realistic
group having an average of 30.1 (SD = 8.5). However, females were underrepresented,
with most in both groups being men (55.6%, n = 5 of the Fractal-Abstract group and
70.0%, n = 7 of the Nature-Realistic group). Regarding place identity, 66.7% (n =
6) of participants in the Fractal-Abstract group considered themselves country people
and 60.0% (n = 6) in the Nature-Realistic one identified themselves as city people. All
participants (100%, n = 19) had experience playing video games. Most participants in
both groups (77.8%, n= 7 Fractal-Abstract; 90%, n= 9 Nature-Realistic) had previous
experience with virtual reality using HMDs.

Perceived Stress. The perceived stress levels between groups before exposure to the
experimental environments did not differ significantly, with U= 53.500, p= 0.497 (two-
tailed test), a small effect size of r = 0.162, and a post hoc achieved power of 0.112.
Comparing perceived stress before and after exposure for each group, reported stress
levels from the group exposed to the Fractal-Abstract environment were significantly
lower after exposure to the virtual environment, T= 0.000, p= 0.0035 (one-tailed test),
with a large effect size of r = 0.893, and a post hoc achieved power of 0.997 (Fig. 3).
Reported stress levels from the group exposed to the Nature-Realistic environment were
also significantly lower after exposure to the virtual environment, T= 1.000, p= 0.008
(one-tailed test), resulting in a large effect size of r = 0.760, and a post hoc achieved
power of 0.964 (Fig. 3). Finally, when comparing between groups, the levels of reported
stress reduction between those exposed to the Fractal-Abstract environment did not differ
significantly from those exposed to the Nature-Realistic environment, U = 44.000, p =
0.484 (one-tailed test), with a small effect size of r = 0.019, and a post hoc achieved
power of 0.060 (Table 1).
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Fig. 3. Boxplot of differences in perceived stress scores before and after exposure to the Nature-
Realistic and Fractal-Abstract environments.

Perceived Restorativeness. The levels of perceived restorativeness of those exposed
to the Fractal-Abstract environment and the Nature-Realistic environment respectively
did not differ significantly, U = 49.500, p = 0.360 (one-tailed test), with a small effect
size of r = 0.084, and a post hoc achieved power of 0.057 (Table 1).

Table 1. Comparison of Experimental Environments With-Task.

Nature-Realistic Fractal-Abstract p-value

SNRS-11 pre 6 (4) 5 (4) p = 0.4972, r = 0.162

SNRS-11 post 3 (2) 2 (4) –

p-value p = 0.0081, r = 0.760 p = 0.0041, r = 0.893

Stress reduction −3 (5) −2 (3) p = 0.4842, r = 0.019

PRS 93.5 (44) 95 (31) p = 0.3602, r = 0.084

Central tendency and dispersion presented as Median (IQR).
1 P-value results of Wilcoxon signed ranks tests.
2 P-value results of Mann-Whitney tests.
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4 Study 2. Virtual Environments with or without Task

In the previous study, we observed that exposure to the fractal-based abstract VR envi-
ronment significantly reduced perceived stress levels, the same as the nature-based envi-
ronment, and that it was perceived as restorative. With this second study, we wanted
to analyze to what extent the above results might have been influenced by the fact of
having a specific task to perform inside the virtual environment. Basically, it is aimed
at answering our second research question: does the fact of having a specific activity to
perform in the environment influence the results obtained?

4.1 Methods

Experimental Design. As in the first study, this was a between-group experiment. The
independent variable was the virtual environment the participants were exposed to, and
it had two levels: 1) Fractal-Abstract Without-Task, and 2) Nature-Realistic Without-
Task. The same two dependent variables were recorded: perceived levels of stress and
perceived restorativeness.

Experimental Environments. The experimental environments were the same as in
the previous study, with the difference that no crystals were instantiated at random
points. Hence, participants were not instructed to collect anything but rather explore
the environment freely. The few other interactable objects were kept in both scenes but
remained to a limited extent (Fig. 1e and 2e).

Measures. We used the same measures as in the previous study: a demographics ques-
tionnaire to obtain information about the participant’s age, gender, whether they consider
themselves a city or country person, previous experience with VR using HMDs, and pre-
vious video gameplay experience; the SNRS-11 to measure stress levels at the moment
[31]; the PRS to measure to what extent the participants perceive these environments
as restorative [33]; and an open questions section to collect qualitative data on the most
and least preferred features of these two environments.

Experimental Procedure. The experiment occurred at the exact location as the pre-
vious study, and they were also randomly allocated to two groups using Random.org
(https://www.random.org/). All participants were sent the same invitation as in Study 1
by e-mail. However, we specified we were looking for volunteers to extend the study,
so those who had already participated understood they were not applicable. The steps
and tasks of the session were the same as in the previous study: they were introduced to
the study, completed a demographic questionnaire, did a 5-min stress-inducing writing
task, completed the SNRS-11 questionnaire, went through a 10-min environment explo-
ration, completed the SNRS-11 and PRS questionnaires, and watched a funny video. All
materials used for the stress-inducing writing task and funny videos were the same as in
Study 1.

Sample. Inclusion criteria included being over 18 years old and fluent or having inter-
mediate knowledge of English. A convenience sample of 21 higher-education students
and workers was recruited. Data from 1 participant from the Fractal-Abstract Without-
Task groupwere not considered for analysis as technical issues occurred between the first

https://www.random.org/
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SNRS-11 and exposure to the VR environment. They were distributed into two groups:
10 (50%) in the Fractal-Abstract Without-Task and 10 (50%) in the Nature-Realistic
Without-Task group.

4.2 Results

Demographic Data. The final sample was composed of 20 people aged 22–47 years old
(65%, n= 13 female). The participants were distributed evenly in terms of age, with an
average age of 29.50 (SD= 8.8) in the Fractal-AbstractWithout-Task group and of 29.40
(SD = 5) in the Nature-Realistic Without-Task group. Regarding sex, the participants
were evenly distributed (50/50%) in the Nature-Realistic Without-Task group but not
in the Fractal-Abstract Without-Task group, where the majority were female (80%, n=
8). Regarding place identity, in both the Fractal-Abstract Without-Task and the Nature-
Realistic Without-Task group, 70% (n = 7) of the participants identified themselves as
city people. All participants (100%, n = 20) had experience playing video games, most
participants in the Nature-Realistic With-out-Task group (80%, n = 8) had previous
experience with VR using HMDs, while most of the Fractal-Abstract Without-Task
group (60%, n = 6) did not.

Comparison Between Nature-Realistic and Fractal-AbstractWithout-Task Condi-
tions
Perceived Stress. The perceived stress levels between groups before exposure to the
experimental Without-Task environments did not differ significantly, with U = 66.000,
p = 0.247 (two-tailed test), a medium effect size of r = 0.278, and a post hoc achieved
power of 0.084.When comparing the perceived stress before and after exposure for each
group, we observed that the reported stress levels of the Fractal-Abstract Without-Task
group were significantly lower after exposure to the VR environment, T = 0.000, p
= 0.0025 (one-tailed test), with a large effect of r = 0.888, and a post hoc achieved
power of 1.00. Reported stress levels provided by the Nature-Realistic Without-Task
group were significantly lower after exposure to the VR environment, T = 8.000, p =
0.023 (one-tailed test), a large effect size of r= 0.630, and a post hoc achieved power of
0.993 (Fig. 4). When comparing stress reduction after exposure from groups, the levels
of reported stress reduction from the Fractal-Abstract Without-Task group did not differ
significantly from the Nature-Realistic Without-Task group, U = 66.000, p = 0.123
(one-tailed test), with a medium effect size of r= 0.273, and a post hoc achieved power
of 0.492 (Table 2).

Perceived Restorativeness. The levels of perceived restorativeness reported by the par-
ticipants in the Fractal-Abstract Without-Task and the Nature-Realistic Without-Task
group did not differ significantly, U = 30.000, p = 0.0715 (one-tailed test), with a
medium effect size of r = 0.338, and a post hoc achieved power of 0.432 (Table 2).

Comparison Between Nature-Realistic With-Task and Without-Task conditions
Perceived Stress. The perceived stress levels before exposure to the experimental envi-
ronments between the Nature-Realistic With-Task group (Mdn = 6, IQR = 4) and the



Comparing Perceived Restorativeness and Stress Reduction in Virtual Reality 13

Fig. 4. Boxplot of differences in perceived stress scores before and after exposure to the Nature-
Realistic and Fractal-Abstract Without-Task environments.

Table 2. Comparison of Experimental Environments Without-Task.

Nature-Realistic Fractal-Abstract p-value

SNRS-11 pre 7.5 (2) 6.5 (2) p = 0.2472, r = 0.278

SNRS-11 post 3.5 (4) 1.5 (3) –

p-value p = 0.0231, r = 0.630 p = 0.0031, r = 0.888

Stress reduction −3 (5) −5 (5) p = 0.1232, r = 0.273

PRS 92 (39) 114 (32) p = 0.0722, r = 0.338

Central tendency and dispersion presented as Median (IQR).
1 P-value results of Wilcoxon signed ranks tests.
2 P-value results of Mann-Whitney tests.

Nature-Realistic Without-Task group (Mdn= 7.5, IQR= 2) did not differ significantly,
with U= 74.500, p= 0.063 (two-tailed test), and a medium-to-large effect of r= 0.422,
and a post hoc achieved power of 0.335. After exposure, the levels of reported stress
reduction by the Nature-Realistic With-Task group (Mdn=−3, IQR= 5) did not differ
significantly from the Nature-Realistic Without-Task group (Mdn=−3, IQR= 5), with
U= 46.500, p= 0.398 (one-tailed test), with a small effect of r= 0.059, and a post hoc
achieved power of 0.073 (Tables 1 and 2).

Perceived Restorativeness. The levels of perceived restorativeness of the Nature-
Realistic With-Task (Mdn = 93.5, IQR = 44) and the Nature-Realistic Without-Task
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groups (Mdn= 92, IQR= 39) did not differ significantly, U= 48.000, p= 0.456 (one-
tailed test), with a small effect size of r= 0.033, and a post hoc achieved power of 0.078
(Tables 1 and 2).

Comparison Fractal-Abstract With-Task and Without-Task Conditions
Perceived Stress. The perceived stress levels before exposure to the experimental envi-
ronments between the Fractal-Abstract With-Task group (Mdn = 5, IQR = 4) and the
Fractal-AbstractWithout-Task group (Mdn= 6.50, IQR= 2) did not differ significantly,
with U= 64.500, p= 0.113 (two-tailed test), and a medium effect size of r= 0.370, and
a post hoc achieved power of 0.607. Regarding stress reduction, the levels of reported
stress reduction by the Fractal-Abstract With-Task group (Mdn = −2, IQR = 3) were
significantly lower than the Fractal-Abstract Without-Task group Mdn=−5, IQR= 5),
U = 24.500, p = 0.048 (one-tailed test), with a medium effect size of r = 0.389, and a
post hoc achieved power of 0.764 (Fig. 5) (Tables 1 and 2).

Fig. 5. Boxplot of differences in perceived stress reduction between the Fractal-Abstract With-
task and Without-Task conditions.

Perceived Restorativeness. The levels of perceived restorativeness of those exposed to
the Fractal-Abstract With-Task environment (Mdn = 95, IQR = 31) were significantly
lower than participants in the Fractal-Abstract Without-Task environment (Mdn = 114,
IQR = 32), U = 66.500, p = 0.040 (one-tailed test), with a medium-to-large effect size
of r = 0.403, and a post hoc achieved power of 0.577 (Fig. 6) (Tables 1 and 2).
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Fig. 6. Boxplot of differences in perceived restorativeness between the Fractal-Abstract With-
Task and Without-Task conditions.

5 Discussion

Extensive literature has provided evidence of how beneficial exposure to natural environ-
ments is, whether in the real world, through two-dimensional images, or computer-based
immersive and non-immersive representations. Exposure to nature has proven to reduce
stress and negative affect, increase positive affect, and even reduce symptoms of men-
tal health illnesses like depression. This has translated into several applications using
natural landscapes in virtual environments for different purposes, from stress reduction
for individuals with limited access to real nature, to supporting treatment for those who
have not responded satisfactorily to conventional psychotherapy. However, the number
of applications using natural landscapes for restoration purposes also shows the very
limited exploration of the restorative potential abstract virtual environments may have.
Considering this, we wished to contribute to the literature aimed at designing restorative
virtual environments by comparing an abstract world of fractal geometries with a more
traditional natural realistic landscape in terms of their potential to reduce stress and their
perceived restorativeness.

5.1 Abstract Fractal Environments for Restoration

In our first study, we hypothesized that a fictional VR environment using fractal shapes
would help reduce self-reported stress and be perceived as restorative. Our results show a
statistically significant perceived stress reduction after exposure to the Fractal-Abstract
environment, which supports our main hypothesis. Regarding their perceived restora-
tiveness, the Fractal-Abstract and the Nature-Realistic environments showed no signifi-
cant differences. Our results suggest that virtual environments based on abstract fractal
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shapes can spark interest and comfort individuals, reducing perceived stress almost as
much as virtual nature. Fractal abstract environments stay caught up in terms of per-
ceived restorativeness, being perceived as nearly as restorative as a realistic natural
environment.

Our results seem to support that the mathematical features of nature might influence
our physio-psychological well-being more than we think. A review on the subject sug-
gested that, despite being widely believed that the “mysterious vitalistic qualities of the
natural scenes” [35, p. 16] are the key to restoration (which has resulted in most restora-
tive environments being mostly realistic representations of nature), positive responses
to nature are triggered much more by their fractal shapes than by an accurate representa-
tion. A study byValtchanov et al. comparing free exploration in virtual nature against the
visualization of slides presenting organic abstract paintings corroborated that exposure
to a computer-generated natural environment leads to an increase in positive affect [16].
However, it also showed that exposure to the abstract-art slideshow had similar effects
[16].

The question remains about whether exposure to the studied environments would
really differ from relaxing by, for instance, simple exposure to a white empty virtual
room. Few studies have been devoted to studying the effect of exposure to an empty
environment. However, a study by Browning et al. compared 6 min of sitting and 6 min
of walking in a real outdoor natural location, a VR 360ª video captured at the same
location, and a control condition where the participants were indoors and instructed
to sit in front of a blank white wall [36]. Their main results corroborated that Virtual
and outdoor nature led to higher levels of positive affect when compared to the control
condition, even though the control condition led to small reductions both in negative
and positive affect [36]. Considering this, it is possible that a comparison between our
experimental environments and an empty white virtual space would have resulted in the
Nature-Realistic and Fractal-Abstract landscapes performing best.

5.2 The Weight of a Task in Virtual Reality-Based Restoration

In our second study, we compared the same opposite environments used in our first
study (Fractal-Abstract and Nature-Realistic), but this time without any task to perform.
When comparing both environments in the absence of a task, the results were similar
to those obtained when the environments had a task: both the Fractal-Abstract and
Nature-Realistic Without-Task conditions showed significant reductions of perceived
stress when comparing data before and after exposure, and the difference between these
two conditions was not significant. Nevertheless, it was still possible that exposure to one
environment with a task could be more restorative than exploring the same environment
without a task.

To understand if having a specific task to perform influenced the perceived stress
reduction and their restorativeness, we compared both environments used in Study 1,
where the user had a task to perform (here referred to as With-Task conditions) with
their task-less counterparts from Study 2 (here referred to as Without-Task conditions).
We hypothesized that having a task would increase the perceived restorativeness and
bring greater levels of perceived stress relief. However, our results were unexpected. On
the one hand, the Nature-Realistic environment did not obtain significant differences
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when comparing the With-Task and Without-Task conditions regarding perceived stress
reduction or restorativeness. On the other hand, with the Fractal-Abstract environment,
when comparing the With-task and Without-Task conditions, significant differences
were obtained in both measures. Regardless, the reductions recorded did not go in the
expected direction. Instead, they suggested that the Fractal-Abstract environment was
more effective in its Without-Task condition. Overall, there is no evidence to suggest
that having the crystal-collecting task heavily influenced the results obtained from Study
1.

It is always possible that different activities result in different outcomes. Some
authors have considered contemplative activities, such as meditation, more restorative
than those requiring movement (e.g., walking or tennis). In contrast, others suggest that
active activities, such as playing a game, are more restorative for users who live in a
city environment [18, 19]. In our study, we selected the crystal collection activity as we
considered it neutral, neither very active nor passive. Therefore, we cannot reject the
possibility that our second hypothesis could have proven correct if the activity performed
had been meditation or playing a game.

We could also question how different our results could have been had the participants
not moved or done anything at all. A study by Rupp et al. compared the effect of a passive
break, a relaxation activity, and a casual video game on affect and stress [37]. It showed
that, even though all conditions led to some affective restoration, no improvements in
positive affect were visible and cognitive resources were still being depleted while the
participants were sitting quietly in their thoughts in the passive break condition [37]. We
believe that, even though our participants would have obtained some benefit from being
exposed to a natural or fractal-based environment while doing nothing, stress recovery
would have been reduced.

5.3 Other Modulating Factors

When analyzing the profile of the participants of our studies, some factors could have
modulated the results. The participants’ age might have determined to some extent the
effect of these environments on their perceived stress. A systematic review and meta-
analysis suggested that older samples exposed to natural settings had more positive
emotions and less negative emotions than when exposed to urban or built environments,
so it might not be farfetched to think that the effect these environments had on the current
sample are different from those we could have obtained from a majority of participants
in, for instance, their 50s or 70s [38].

Their gender could have also influenced perceived stress reduction. Studies have
suggested thatmales demonstratemore stress recoverywhen cortisol levels aremeasured
than when self-reported [39, 40], and that women are more likely to create stronger
associations between greenery and positive health in comparison [41]. Therefore, stress
recovery reported in our studies, especially in groups composed of a majority of male
participants, could be lower than what their actual physiological state demonstrates.

Another factor could have been environmental preference. Some studies suggest
that even though congruence between preference and the type of environment exposed
to does not always result in higher perceived restorativeness, it does have some effect in
some cases [29]. For instance, most participants exposed to the Nature-Realistic group in
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both studies were city people. One could argue that city people would be more receptive
to abstraction or less naturalistic shapes, so we cannot reject the possibility that had
this group been exposed to the Fractal-Abstract environment instead, perceived stress
reduction and perceived restorative potential levels could have been higher.

Personality is another important factor, as the ‘Big Five’ personality traits have been
associated with tendencies to choose specific coping styles [42, 43]. A study performed
with incarcerated men in Poland suggested that extraversion, openness to experience,
consciousness and agreeableness were associated with task-oriented coping strategies
[43]. In contrast, men high in neuroticism tended to choose emotion-oriented coping
strategies. In other words, it is possible that participants with high extraversion benefited
more from having a task to perform in the virtual world than those with high neuroticism,
who would have most likely benefited more from emotional support instead.

Exposure time could have also influenced perceived stress reduction. Suppakittpais-
arn et al. [44] studied the effect of duration of exposure to virtual natural landscapes in
stress recovery, and they concluded that 5min of exposure wasmore stress-reducing than
1 or 15 min [44]. Therefore, we cannot reject the possibility that, had our participants
been exposed to 5 or 15 min in our environments, stress reduction scores would have
been lower or greater.

5.4 Practical Implications and Future Work

We believe this research adds further evidence to a corpus showing the potential of
using Virtual Reality to promote mental health in a society that is more and more prone
to suffering stress-related morbidities. Immersive Virtual Environments cannot fully
imitate real exposure to nature and its inherent fractal geometries. However, we believe
that the main contribution of this study lies in adding to a small corpus devoted to
studying the potential of fractal geometry in virtual reality environments. Even though
fractals and biophilic designs have been widely studied in art and architecture, much
more exploration is needed within the vast possibilities of Virtual Reality through Head-
Mounted Displays or KAVE systems. Our work will hopefully inspire future interactive
media designers for well-being to diverge from the highly established realistic nature
pattern and explore the possibilities of using abstract and otherworldly landscapes in
their proposals.

Our studies provided answers to our main questions. However, it has also generated
further questions. Would our results be significantly different if we had used repeated
measures?Webelieve that carryingout similar studies, but this time exposingparticipants
to both types of environments would complement this research well. In these studies, we
did not include soundscape because of the strong restorative effect it has been reported
to have, and we focused on the visual aspect. However, it would be interesting to see
the degree of stress reduction and perceived restorativeness after exposure to these envi-
ronments while listening to their respective soundscape: nature sounds, relaxing music,
others. We were able to see that, in our case, having a collection task did not influ-
ence our environments’ potential for restoration significantly. However, similar studies
comparing experimental environments with highly active against highly passive tasks
(e.g., Nature-Realistic playing golf vs. mindfulness exercises) are needed, especially for
designing virtual reality environments for mental health purposes.
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It has also been argued that people tend to feel more comfortable with fractal images
of nature than non-fractal abstract shapes, and that built elements lacking fractals might
cause virtual strain and hence negative physiological effects [12, 13]. Previous studies
have suggested that Euclidean shapes have low restorative potential and even increase
stress [45]. So, would an immersive VR environment that uses non-fractal or Euclidean
geometrical shapes to imitate elements of nature have or not restorative potential? After
all, one of our experimental environments is fractal-based but not necessarily free of
Euclidean geometries. An area of research that also deserves attention is the potential
that abstract environments have for increasing the feeling of ‘being away’ from our
world that immersive VR already offers. It would be interesting to study, regardless of
being restorative or not, the level of presence and place illusion [46, p. 3551] felt in a
realistic VR environment compared to an abstract environment absent of or withminimal
references to reality.

5.5 Limitations

Regarding the limitations of our study, our sample size was small (39 participants, split
into 4 different groups), so these results are not generalizable. Furthermore, these envi-
ronments were tested in a sample mostly of young adults, so we cannot be sure that
the benefits of abstract fractal environments would apply to older audiences. This study
was also limited to self-reporting measuring tools, which can always be subjected to
the influence of cognitive and contextual differences. Data obtained would be better
compared, complemented, and corroborated by physiological data such as the partici-
pant’s heart rate. Moreover, we must remember that the PRS has had different versions
and modifications in time, is not completely independent from personal and contextual
attributes, and is not specially prepared for VR environments. This means our scores
may not consider aspects and features exclusive to the VR realm.

6 Conclusions

Wecan conclude that exposure to both fractal-abstract and natural-realistic environments
seems to be effective for stress reduction and restorativeness, regardless of having a task
or not. Hence, the fact of having a task might not be a determinant factor of a VR
environment’s restorative potential. However, it is important to highlight that this does
not mean that those users who explored the environments with no tasks assigned would
not have preferred or had had a more enjoyable experience if they had been given any
activity to perform. A task might not be essential for restoration in a specially-designed
environment, but an appropriate task can always improve the experience and make it
more meaningful or memorable.
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