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Abstract

The literature has long demonstrated the restorative value of natural environments.
However, access to these types of environments can often be limited to individuals,
for various reasons. In this sense, Virtual Reality (VR) can be a useful tool to promote
individual recovery through virtual simulation of natural physical environments. Indeed,
it has been shown that nature in VR has regenerative potential comparable to that of
physical nature. However, research on the effectiveness of VR nature scenarios remains
mixed, necessitating further studies on their validation in terms of restorativeness. The
purpose of this systematic review, therefore, was to analyze the current state of the literature
on the impact of natural virtual environments on perceived environmental restorativeness
and individual restoration, considering the types of natural virtual environments used,
the varieties of interventions implemented in these studies and the forms of assessment
proposed, and evaluating the final results. It emerges how, over the years, the regenerative
potential of various virtual natural environments has been validated. Similarly, different
forms of intervention are functional in promoting restoration, although they are little
varied concerning the physical location and movement ability of participants during the
VR experience. Thus, these findings can be useful for future research on this topic and for
the optimization of VR interventions for individual psychological well-being.
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Introduction

The literature has long agreed on the restorative value of
natural environments which offer a multitude of benefits for
human health. Engaging with nature leads to a variety of
advantages, such as restoration and recovery across different
dimensions: physiological (Hartig et al., 2014; Ulrich, 1991),
physical (Twohig-Bennett and Jones, 2018; Astell-Burt et al.,
2014), emotional (Bratman et al., 2015; Ohly et al., 2016),
cognitive (Berman et al., 2008; Berto, 2005), and social (Maas
et al., 2009; Astell-Burt et al., 2021). The two main theories
describing the positive impact of nature on individual well-
being are the Stress Recovery Theory (SRT; Ulrich, 1991)
and the Attention Restoration Theory (ART; Kaplan &
Kaplan, 1989). These theories suggest that nature plays a key
role in the well-being of individuals and that exposure to a
natural environment, even when virtual (Hedblom et al.,
2019), promotes an adaptive response following a stressful
situation. This quality has been termed “restorativeness” and
it is characteristic of environments that not only enable but
also promote the process of physical, psychological and social
resource recovery (Hartig et al., 1997). Thus, restorativeness is
conceived as an environmental feature, whereas “psychological
restoration” refers to the process of renewing or recovering the
mental energy, emotional balance and cognitive functioning
of individuals, especially after periods of stress or cognitive
overload (Han, 2018; Kaplan & Kaplan, 1989).

In recent years, psychological research has increasingly
made use of forms of a simulated nature (e.g. images, videos),
rather than the physical nature, because of their greater
accessibility. More recently, Virtual Reality (VR) has been
increasingly implemented as a support tool allowing people to
feel immersed in simulated natural environments.

However, research on the effectiveness of VR nature scenarios
remains mixed, necessitating further studies on their validation
in terms of user-experience (Talamo et al., 2021; Marocco et al.,
2024a-e; Marocco et al., 2025; Marocco & Talamo, 2022), as well
as their impact on restorativeness and related psychological factors.

The present systematic literature review (SLR) aims to
assess the impact of natural environments presented in VR
on individuals' perceived environmental restorativeness and
individual restoration. Thus, the main research question that
guided our review was: “What is the impact of virtual natural
environments on perceived environmental restorativeness and
individual restoration and how can it be optimized?”

Methods
Search Strategy

This SLR was conducted during November 2024 using the
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) framework (Page et al., 2021).

‘The chosen wordstring was: “virtual realicy” OR “VR” AND
“natural environment” OR “nature” OR “natural scenarios”
AND “restorativeness” OR “restoration” OR “restorative” OR
“stress reduction” OR “attention restoration”.

Inclusion and Exclusion Criteria

The search was limited to peer-reviewed journal articles
published in the English language in the last 10 years (2014-
2024), as, given the rapid evolution of VR technology in the
past decade, some past VR technology types might have been
obsolete (LaValle, 2023).

Data Extraction and Selection

The systematic search on Scopus conducted in blind mode
by the two authors identified 108 records. These records were
uploaded into Rayaan.ai software to proceed for the papers’
coding and selection process. Firstly, a duplicate check was
done, resulting in 0 duplicates. Then, after the title and
abstract screening, 62 records have been excluded for the
following reasons: 26 for the wrong topic of the paper, 20 for
considering a wrong sample, 16 for proposing a wrong study
design, 1 for exploring the wrong technology. Following the
full-text screening, an additional 10 records were removed
due to the inadequacy of their contents. Finally, 35 records
were included in the SLR for meeting the established inclusion
criteria. Below the PRISMA flowchart of the selection process
is presented (Figure 1).

Fig. 1. PRISMA flowchart showing the selection process of the articles.
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Results
Characteristics of the Included Studies

The studies’ characteristics obtained from the search are
described in terms of participants’ features, location, and
rescarch design, type of virtual natural environments,
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intervention and assessment modalities. This categorization
has been chosen due to a need to describe in depth the studies
considered for this review.

Location

The review included studies from a diverse range of countries
(Figure 2). Specifically, there were: 8 articles from China (Gao
etal., 2019; Huang et al., 2020; Hao et al., 2024; Meng et al.,
2024; Zhangetal., 2023; Leung et al., 2022; Yu et al., 2020; Li
etal., 2024), 4 articles from Germany (Rockstroh et al., 2020;
Karacan et al., 2021; Reese et al., 2022a; Reese et al., 2022b),
3 articles from Australia (Schebella et al., 2020; Schutte et al.,
2017; Walters et al., 2024), 2 articles from Italy (Theodorou et
al., 2023; Clemente et al., 2024), 2 articles from Switzerland
(Reese et al., 2021; Kawai et al., 2024), 2 articles from South
Korea (Jeon et al., 2023; Chung et al., 2018), 3 articles from
the United States of America (Anderson et al., 2017; Yin et al.,
2022; Seiz et al., 2023).

Also included were 1 article from Sweden (Hedblom et al.,
2019), 1 article from Norway (Litleskare & Calogiuri, 2019), 1
article from Turkey (Sansal et al., 2024), 1 article from Finland
(Mattila et al., 2020), 1 article from the Netherlands (Unal et
al.,2022), 1 article from the United Kingdom (Browning et al.,
2020), 1 article from Spain (Navarrete et al., 2022), 1 article
from Indonesia (Suseno & Hastjarjo, 2023), 1 article from
the Czech Republic (Hejtmdnek et al., 2022), 1 article from
Taiwan (Yu et al., 2018) and 1 article from the three countries
USA, Taiwan, Thailand (Suppakittpaisarn et al., 2023).

Fig. 2. Map of the number of included studies by country.
* l i

Sample characteristics

The 35 studies analysed presented different samples, with a
range of participants from a minimum of 10 (Navarrete et al.,
2022) to a maximum of 270 (Suppakittpaisarn et al., 2023).
The average number of participants is generally between 20
and 100 individuals, with some exceptions (Hedblom et al.,
2019; Clemente et al., 2019). The average age of participants
varies widely from 20 to 60 years.

All studies included both male and female participants,
with variations in gender distribution. There is an important
presence of university students, young adults, and in some
cases, senior participants. For this review, we excluded clinical
samples due to their specification and the impossibility of
comparing them with samples from normal populations.

Samples of university students were used, for examples,
in Reese et al. (2022a; 2022b), Gao et al. (2019), Hao et al.
(2024), Jeon et al. (2023), Unal et al. (2022), Meng et al.
(2024), Li et al. (2024),Theodorou et al. (2023).

Instead, young adult samples were included in Huang et al.
(2020) which recruited 89 participants (mean age 23 years),
Leung et al. (2022) which conducted two studies with 31 and
80 participants, respectively, with a mean age of approximately
24 years and in Karacan et al. (2021) that carried out two
studies with 51 and 101 participants with an average age of
22.82 and 39.36 years, respectively.

Finally, samples of senior participants were used in Yu et
al. (2020) which recruited 34 elderly individuals, with a mean
age of 58.76 years and in Sansal et al. (2024) which involved
60 elderly residents of urban communities in Turkey, all aged
65 years and over.

Methodologies

Methodologically, all the studies implemented quantitative
methods. Concerning research design, considered studies
adopted between-subjects, within-subjects and mixed design.
Specifically, some studies adopted between subjects design:
Rockstroh et al. (2020), Theodorou et al. (2023), Suseno &
Hastjarjo (2023), Gao et al. (2019), Huang et al. (2020),
Clemente et al. (2024), Browning et al. (2020), Schutte
et al. (2017), Meng et al. (2024), Zhang et al. (2023),
Suppakittpaisarn et al. (2023), Yin et al. (2022), Kawai et
al. (2024), Hedblom et al. (2019), Karacan et al. (2021),
Litleskare & Calogiuri (2019).

‘Then, other studies adopted within-subjects design: Li et al.
(2024), Sansal et al. (2024), Hejtmdnek et al. (2022), Anderson
etal. (2017), Leung et al. (2022), Navarrete et al. (2022), Jeon
etal. (2023), Chungetal. (2018), Unal et al. (2022), Hao et al.
(2024), Mattila et al. (2020), Seiz et al. (2023), Yu et al. (2018;
2020), Reese et al. (2021), Walters et al. (2024). Finally, some
studies have combined within-subjects and between-subjects
designs, including multiple experimental conditions: Schebella
et al. (2020), Reese et al. (2022a; 2022b).

Regarding the experimental setting, most of the studies
involved laboratory settings. Only Navarrete et al. (2022) was
conducted at participants’ home because of the nature of the
experiment and its duration (5 sessions). Instead, Rockstroh
et al. (2020), Reese et al. (2022b), Seiz et al. (2023),
Hejtmanek et al. (2022) and Unal et al. (2022) included
experimental field sessions due to their research questions
which aimed to compare exposition to a physical and virtual
natural environment.

Finally, many studies used pre-post test designs, in order to
compare measurements before and after the intervention. Some
examples are: Hejtmdnek et al. (2022), Huang et al. (2020),
Meng et al. (2024), Zhang et al. (2023), Suppakittpaisarn et
al. (2023), Reese et al. (2022b), Kawai et al. (2024), Yu et
al. (2018, 2020). Examples of studies that used only post-
test design are: Unal et al. (2022), Theodorou et al. (2023),
Schutte et al. (2017). The research methodologies and the
characteristics of the sample of the studies are outlined in

Table 1.

PsyHub



102

Elena Grossi, Silvia Marocco

Tab. 1. Studies’ sample characteristics and research methodologies.

Authors Sample Size  Gender (F)  AgeM Country Methodology Pre-Test Method Setting
Anderson et al. (2017) 18 9 32 USA Wlthm—.s ubjects Pre-post Quantitative Labor.a rory
design method setting
Browning et al (2020) 65 39 20 UK Betweenjsubjccts Pre-post Quantitative Labor.atory
design method setting
Chung et al. (2018) 40 18 23.78 South Korea WIIhln—.S ubjects Only post-test Quantitative Laborfi tory
design method setting
Clemente et al. (2024) 199 153 22.49 Ttaly Between?subj ects Only post-test Quantitative Labor.atory
design method setting
Gao et al (2019) 120 6 20.7 China Betwccnjsub)ects Pre-post Quantitative Labor'atory
design method setting
Hedblom et al (2019) 154 82 27.34 Sweden Between?sub] ects Pre-post Quantitative Labor.atory
design method setting
Hao et al. (2024) 62 50 20.8 China Within-subjects ot Quantitative Laboratory
design method setting
Hejtmanek et al. (2022) 25 11 30.7 Czech Republic Wlthm_,wbj eets Pre-post Quantitative Flcld/Laboratory
design method setting
Huang et al. (2020) 89 45 23.0 China Betweenjsubjects Pre-post Quantitative Labor.atory
design method setting
Jeon et al. (2023) 60 30 24.3 South Korea \X/xthm—'subjects Pre-post Quanditative Labor'atory
design method setting
Karacan et al. (2021, study 1) 51 17 22.82 Germany Berwcmtsu})) cets Only post-test Quantitative Labor.a tory
design method setting
Between-subjects Quantitative . .
Karacan et al. (2021, study 2) 101 53 39.36 Germany design Only post-test method Field setting
Kawai et al (2024) 96 49 39.4 Switzerland Betweenjsubj ccts Pre-post Quantitative Labor'a tory
design method setting
Leung et al. (2022, study 1) 31 17 237 China Within-subjects Pre-post Quantitative Laboratory
design method setting
Leung et al. (2022, study 2) 80 50 24.2 China Wlthm—.s ubjects Only post-test Quantitative Laborfi tory
design method setting
Li et al. (2024) 118 60 20.58 China Within-subjects (10 e Quandtative Laboratory
design method setting
. . Between-subjects Quantitative Laboratory
Litleskare & Calogiuri (2019) 50 28 30.6 Norway . Only post-test .
design method setting
Mattila et al. (2020) 100 44 - Finland Wlthm—.s ubjects Pre-post Quantitative Calm office
design method space
Meng et al. (2024) 90 61 22.0 China Between?subj ects Only post test Quantitative Labor? rory
design method setting
. Within-subjects Quantitative .
Navarrete et al. (2022) 10 6 28 Spain design Only post-test method Home setting
. . Quantitative Laboratory
Reese et al (2022a) 67 52 22.8 Germany Mixed design Only post-test .
method setting
Reese et al. (2021) 64 47 23 Switzerland Wlthm_.subj ccts Pre-post Quantitative Labor.a tory
design method setting
Reese et al. (2022b) 52 32 24.2 Germany Mixed design Only post-test Quantitative Fleld/Lalioratory
method setting
Rockstroh et al. (2020) 31 11 37.6 Germany Bctween?subj ects Only post-test Quantitative Field experiment
design method
Sansal et al. (2024) 60 36 70.62 Turkey Wlthm_,wb] eets Only post-test Quantitative Labor'a tory
design method setting
Schebella et al. (2020) 52 28 37.6 Australia Mixed-design Pre-post Quantitative Labor.atory
method setting
Schutte et al (2017) 26 16 34.46 Australia Betweenjsubj ects Only post-test Quantitative Labor.a rory
design method setting
Seiz et al (2023) 20 1 2 USA Wlthln—‘SubJeCt Pre-post Quantitative Laborfatory
design method setting
S USA, Taiwan,  Between-subjects Quantitative Laboratory
Suppakittpaisarn et al. (2022) 270 130 - Thailand design Pre-post method serting
. . Between-subjects Quantitative Laboratory
Suseno & Hastjarjo (2023) 53 24 20.7 Indonesia . Pre-post .
design method setting
Theodorou et al. (2023) 113 90 21.99 Italy Between.— subject Only post-test Quantitative Labor.a rory
design method setting
- Within-subjects Quantitative ) .
Unal et al. (2022, study 1) 23 14 20.39 UK design Only post-test method Field setting
Unal et al. (2022, study 2) 26 17 19.5 UK Wlthm_.s ubjects Only post-test Quantitative Labor.a oy
design method setting
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Authors Sample Size ~ Gender (F) Age M Country Methodology Pre-Test Method Setting

Walters et al. (2024) 75 53 - Australia Wlthm—.SUbJ ects Pre-post Quantitative Labor'a rory
design method setting

Yin et al. (2022) 95 0 2.6 Betweenjsubj ects Pre-post Quantitative Labor:atory
design method setting

Yu et al. (2018) 30 7 B Wlthln—.subjects Pre-post Quantitative Laborfitory
design method setting

Yu et al. (2020) 34 28 58.76 Wlthm—.sub)ects Pre-post Quantitative Labor.atory
design method setting

Zhang ct al. (2023) 51 34 21.33 Betwcenjsubjccts Pre-post Quantitative Labor.atory
design method setting

Types of virtual natural environments

From this systematic review it emerges that most of the
studies explored the impact of virtual natural environments
on restorativeness and individual restoration using green
environments (e.g. forest, parks, meadow, hills). Then, some
articles included blue spaces (e.g. waterfalls, beaches, sea),
brown (e.g. deserts) or white (e.g. arctic landscape). Thus, the
authors decided to describe and analyze this aspect in order
to evidence possible differences due to different declinations
of nature represented in the various virtual scenarios used by
researchers in the literature.

Specifically, Mattila etal. (2020), Zhang et al. (2023), Reese
et al. (2022b), Hedblom et al. (2019), Yu et al. (2018; 2020),
Hejtmanek et al. (2022), Browning et al. (2020), Sansal et al.
(2024), Li et al. (2024) used forests and wooded environments,
while Schutte et al. (2017) recreated a typical Australian
meadow with eucalyptus trees and a stream. In another study,
Reese et al. (2022a) used a green landscape again, however,
in the form of a meadow. Contrary, Meng et al. (2024),
Suppakittpaisarn et al. (2023), Seiz et al. (2023), Litleskare &
Calogiuri (2019), Schebella et al. (2020) used urban and peri-
urban parks, whereas Leung et al. (2022), Kawai et al. (2024),
Hao et al. (2024), Chung et al. (2018) created mountain, lake
and hill landscapes in VR. Huang et al. (2020) used courtyards
with three different grades of green elements, while Unal et
al. (2022) included a virtual representation of the Butterfly
Garden in Emmen Zoo (Netherland), a tropical garden with
flowers and plants. Clemente et al. (2024) recreated in VR
the garden of an historical Villa in Capodimonte, Italy and,
finally, in Rockstroh et al. (2020) green elements are used in
the natural scenario, such as plants and flowers, and they are
immersed in a night sky.

Blue spaces are included in Walters et al. (2024), Reese et
al. (2021), Chung et al. (2018), Anderson et al. (2017) and
Suseno & Hastjarjo (2023), in the form of coastal and marine
areas. Navarrete et al. (2022), Leung et al. (2022), Jeon et al.
(2023), Yu et al. (2020) involved beaches, small lakes and
rivers environments in their studies too.

Arctic and snowy environments were used in Theodorou
et al. (2023), Hao et al. (2024). For example, the study by
Theodorou et al. (2023) includes an arctic environment
compared to green and urban landscapes.

Deserts and arid landscapes were included in Yin et al
(2022), Karacan et al. (2021). Yin et al. (2022) compares a
desert environment with green spaces, while Karacan et al.
(2021) explores African safari scenes and compares it with a
typical Ireland landscape.

In the end, Gao et al. (2019) and Hao et al. (2024) also
used different types of natural environments. Gao et al. (2019)
involved grey space, blue space, green space, partly open green
space, closed green space, partly closed green space. Hao et al.
(2024) compared extraordinary environments (mesmerizing
Arctic, mysterious underwater scene, and spectacular cosmos,
natural disaster scenes such as earthquakes, tsunamis, and
volcanic eruptions) and ordinary environments (forests,
seashores, or snowscape).

Types of interventions

Participants in the studies analyzed in this systematic review
were exposed to virtual reality scenarios with different exposure
modes and durations. Types of interventions used in the 35
considered articles are described in this paragraph in order to
explore the impact of these features on perceived environmental
restorativeness and individual restoration.

Generally, exposure durations are distinguished into very-
short (2-4 minutes) short (5-10 minutes), moderate (11-20
minutes) and long (30 minutes), and this categorization was
used to analyze these researches.

Exposure modes regard the modalities participants explored
VR with, in relation to their position during the exposure,
whether sitting or standing, with or without the possibility of
moving the head or walking.

In one of the studies, Suppakittpaisarn et al (2023),
3 different exposure durations were compared: 1, 5 or 15
minutes. The participants’ position is not specified.

Several studies have explored the effects of very-
short exposure durations (2-4 minutes) to virtual natural
environments. For example, Hao et al. (2024) provides a
2-minute VR exposure in a quiet room. In contrast, Karacan
et al. (2021), Jeon et al. (2023) and Walters et al. (2024)
let participants explore VR scenarios for 3-minute. Suseno
& Hastjarjo (2023) extended the duration slightly to 3
minutes and 25 seconds, allowing exploration with HMD
controllers. Clemente et al. (2024) and Theodorou et al.
(2023) implemented a 4-minute exposure to VR videos: in the
former it is specified that participants initially experienced the
environment while seated and later while standing,.

Many experimental articles provided a short duration
exposure (5-10 minutes). Between them, only in the studies
by Rockstroh et al. (2020) et Reese et al. (2022a; 2022b)
participants could walk during the 8 and 5 minutes exposition,
respectively. In Gao et al. (2019), Schebella et al. (2020), Reese
etal. (2021) exposure was provided of 5 minutes duration and
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participants were seated. In Mattila et al. (2020) participants
explored VR environments for 5 minutes on a swivel chair.

Then, in Hedblom et al. (2019) and Chung et al. (2018)
exposure duration was slightly higher, 5 minutes and 30
seconds. In Chung et al. (2018), specifically, participants were
seated on a swivel chair, as in Schutte et al. (2017), but in
this experiment, as in Browning et al. (2020), the duration of
exposure was 6 minutes. In $Sansal et al. (2024) participants
were exposed for 6 minutes to the VR environment too, in
a seated position. Instead, in Li et al. (2024), the duration of
the VR experience was 7 minutes, it included 7 videos of 60
seconds each. Seiz et al. (2023) exposed participants to virtual
natural environments for 8 minutes. Zhang et al. (2023)
provide a swivel chair and a 9 minutes duration time, with 1
minute break in the middle. In the studies by Yu et al. (2018;
2020), in contrast, participants were seated and exposed to VR
for 9 minutes and 30 seconds and 10 minutes, respectively. 10
minutes was the duration of exposure chosen by Huang et al.
(2020), Meng et al. (2024) Yin et al. (2022) and Litleskare &
Calogiuri (2019).

Regarding exposure of moderate duration (11-20 minutes),
in Leung et al. (2022) during the Study 2 VR exposure lasted
6 minutes per session, for a 12 minutes of VR experience
total. Anderson et al. (2017) exposed participants to the VR
environment for 15 minutes in a sitting position, whereas in
Unal et al. (2022) the exposure phase was provided only in the
Study 2 for 20 minutes and participants could move inside the
VR environment. In Kawai et al. (2024) exposure was of 20
minutes duration too, but participants only had freedom of
head movement.

Finally, some studies provided a long duration exposure
(30 minutes or more): in particular, in Leung et al. (2022),
Study 1 there were 3 sessions of 10 minutes each, while in
Hejtmdnek et al. (2022) the sessions were two of 15 minutes
each. In contrast, Navarrete et al. (2022), provided sessions of
13 minutes and 30 seconds, repeated on 5 consecutive days.

Type of assessment

For the evaluation of restorativeness of VR environments and
perceived individual restoration during the VR exposure, two
kinds of measures were used in the articles considered for this
review. They are divided into explicit and implicit measures.
Explicit measures are based on the individual perception
of participants which are asked to answer questionnaires or
interviews focused on the subjective evaluation of a specific
focus. In contrast, implicit measures try to assess individuals’
automatic and unconscious reactions to particular stimuli. As
implicit measures, indirect indicators of responses are used,
such as physiological indices or reaction times.

In this review emerges that both types of measurement are
implemented for the assessment of perceived environmental
restorativeness or individual restoration. Specifically, implicit
measures are usually used to assess individual restoration
whereas explicit self-report measures are included for the
measurement both of perceived restorativeness of VR
environments and individual restoration. The following
paragraphs will analyze both explicit and implicit measures to

highlight the differences and similarities in the results of these
two types of measurements.

Most of the studies involved only explicit measures (i.e.
eighteen), while a small number of articles used only implicit
measurements for the restoration assessment (i.e. six). Finally,
eleven researches included combined measures, both explicit
and implicit.

Explicit measurements for restorativeness and restoration

Many articles used Perceived Restorativeness Scale (PRS;
Hartig, 1997) for the restorativeness assessment. PRS is
a self-report measurement instrument derived from the
Attention Restoration Theory (Kaplan & Kaplan, 1989) used
to assess the regenerative potential of environments. This
scale is divided into 4 dimensions (fascination), ‘being away,
extent, ‘compatibility) directly taken from ART, a theory that
postulates how exposure to certain types of environments,
particularly natural ones, can promote recovery from mental
fatigue caused by prolonged use of direct attention, thanks to
the shift to indirect attention. In its original version (Hartig,
1997), the PRS consists of a total of 16 items, divided by the
4 components of ART, and has been extensively validated
in different contexts, including natural, urban and virtual
environments. For example, Berto (2005) and Hartig et al.
(1997) showed that natural environments score significantly
higher on the PRS than artificial environments, confirming the
theory that the characteristics of natural landscapes promote
cognitive retrieval.

Examples of researches that used original PRS in their
experimental assessment are Theodorou et al. (2023), Li et al.
(2024), Karacan et al. (2021) (only the dimensions ‘fascination”
and “being away’), Schutte et al. (2017), Reese et al. (2022b),
Sansal et al. (2024), Litleskare & Calogiuri (2019) and Seiz et
al. (2023), Chung et al. (2018), Hao et al. (2024), Meng et al.
(2024), Browning et al. (2020). Clemente et al. (2024) used
PRS too, but only half of the items (i.e. 7 items).

In contrast, in Leung et al. (2022) a revised version of the
PRS has been used, PRS-11 (Pasini et al., 2014) which consists
of 11 items to measure the perceived restorative quality of the
environment on the four original sub-domains. This version
has been used by Reese et al. (2021) too.

Other studies used PRS versions combined with other
self-report scales. Navarrete et al. (2022), for example, used
PRS and two dimensions of the Restorativeness Scale (RS;
Han, 2003) which is made up of four dimensions (emotional,
physiological, cognitive, and behavioral) rated on a 9-point
Likert-type scale. In that study, only the cognitive dimension,
and the bebavioral dimension were included. Rockstroh
et al. (2020), Reese et al. (2021), Kawai et al. (2024) and
Mattila et al. (2020), instead, used both PRS to assess the
restorativeness of the environment and Restoration Outcome
Scale (ROS; Korpela et al., 2008) which aims to capture the
degree of mental and psychological restoration of an individual
experiences, focusing on regenerative effects. In Hejtmdnek et
al. (2022) and Reese et al. (2022a) only ROS assessment was
provided. In contrast, Yu et al. (2020) used The Restorative
Components Scale (RCS) to evaluate whether participants

PsyHub



Virtual nature, restorativeness and restoration 105

believed the virtual environment led to feelings of restoration
(Herzog et al., 2003).

Jeon et al. (2023) interested in the assessment of the
soundscape restorativeness so used the Perceived Restorativeness
Soundscape Scale (PRSS; Payne, 2013) designed to assess
perceptions of a soundscape’s potential to provide psychological
restoration.

Then, Suppakittpaisarn et al. (2023), Suseno & Hastjarjo
(2023), Schebella et al. (2020), Walters et al. (2024) focused
on the assessment of the individual perceived stress. In
Suppakittpaisarn et al. (2023) and Schebella et al. (2020) a
Visual Analog Scale (VAS) was used, an original scale which
assesses perceived stress with 1 item. Instead, Walters et al.
(2024) provided the Relaxed Mental State (RMS) which
consists of nine items with six items measuring physical and
mental dimensions of relaxation supplemented with additional
three items to measure mental fatigue. Suseno & Hastjarjo
(2023) assessed the perceived stress with the State-trait Anxiety
Inventory (STAI; Annerstedt et al., 2013). Finally, Zhang et al.
(2023) used the Perceived Stress Scale (PSS-14; Cohen et al.,
1983) form before and after exposure to VR environments: it
is a 14-item scale which asks the respondent to evaluate stress-
symptoms.

Implicit measurements for restoration

On the other hand, many of the included studies used
physiological measures (implicit measurements) to assess
restoration and physiological activation of participants’ after the
VR exposure. As reported, 11 articles employed physiological
indices combined with self-reported scales, while six studies
used only implicit measures.

Skin Conductance level (SCL) and the Skin Conductance
Response (nSCR) are measures of the activity of the
Sympathetic Nervous System (SNS), which regulates the
physiological response to stress. Increased levels of both SCL
and nSCR may indicate increased physiological activation.
Browning et al. (2020), Huang et al. (2020), and Hedblom
et al. (2019) used SCL to assess individual physiological
changes, while Meng et al. (2024) combined SCL and nSCR
and Suseno & Hastjarjo (2023), SCL and Heart Rate (HR).
Kawai et al. (2024) combined SCL measurement with salivary
cortisol levels.

Salivary cortisol is a biochemical indicator of stress,
whereas immunological biomarkers such as interleukin-6 (IL-
6) and interleukin-10 (IL-10) reflect immune responses. Yin
et al. (2022) measured salivary cortisol together with blood
pressure and changes of serum IL-6 and IL-10. Blood pressure
and sympathetic/parasympathetic activity, implemented by
Yu et al. (2020), with HR monitoring too, provide detailed
measures of the physiological response to relaxation or stress.

Heart-Rate Variability (HRV) and HR are also measures of
autonomic regulation of the heart, specifically they indicate the
balance between SNS and Parasympathetic Nervous System
(PNS). HR indicates the number of heart beats per minute,
while HRV measures the variation in time intervals between
heart beats. Both of them are indicators of relaxation and
psychophysiological recovery. Litleskare & Calogiuri (2019)

used HR index for the restoration assessment, while Yu et al.
(2018) used HRYV, together with Salivary Amylase Activity
(SAA), another measure used to detect stress, and blood
pressure. In contrast, Schebella et al. (2020) measured HR
and Electrodermal Activity (EDA) to assess the recovery status
of individuals. EDA measures changes in skin conductance
induced by activation of the SNS and was also used by
Anderson et al. (2017) combined with individual HRV index.
Finally, electroencephalographic activity measures the
electrical activity of the brain, providing information on brain
waves associated with specific mental states such as restoration
and fatigue. Electroencephalogram (EEG) monitoring has
been used by Chung et al. (2018), Gao et al. (2019), Seiz et al.
(2023) and Zhang et al. (2023) during and after exposure to
virtual natural environments. Jeon et al. (2023), on the other
hand, integrated EEG with Electrocardiogram (ECG) to assess
the effect of environmental sounds on physiological responses.
Similarly, Hao et al. (2024) used together with HRV.

Summary of the evidence

This section evidences the findings from the considered articles
of this systematic review regarding the impact of virtual natural
environments on restorativeness and restoration. The results of
the self-report questionnaires, focusing on both restorativeness
and restoration, will be examined first. Subsequently, the
following paragraph will analyze the physiological indices,
providing an objective measure of participants’ restoration.

Self-report evidences on perceived environmental restorativeness

Regarding restorativeness, Rockstroh et al. (2020) and
Karacan et al. (2021) found that natural virtual environments
significantly increase restorative dimensions such as ‘being
away and ‘fascination’. Theodorou et al. (2023) demonstrated
that different natural environments, such as national parks and
arctic landscapes, are perceived as restorative and in turn are
able to promote perceived vitality of individuals. In contrast,
Li et al. (2024) reported a non-linear effect of environmental
brightness on perceived restorativeness, with the higher
increase in the latter up to a medium level of the former. Leung
et al. (2022), Unal et al. (2022), Kawai et al. (2024), Yu et
al. (2020), Schutte et al. (2017) showed that virtual natural
environments are perceived as significantly more restorative
than general urban ones. Navarrete et al. (2022) demonstrated
that virtual blue spaces, such as beaches and lakes, facilitates
cognitive and behavioral restoration, while Jeon et al. (2023)
report that both natural and urban waterfront environments
can be perceived as restorative. Sansal et al. (2024) validated
the restorative potential of nature in VR with an elderly
population too.

On the other hand, Clemente et al. (2024) showed that
the sense of presence is a key mediator in the perception of
restorativeness in VR environments. Similar findings emerge from
the study by Chung et al. (2018), who associated natural soft-
fascinating landscapes with a higher perception of restorativeness
than hard-fascinating ones. Hao et al. (2024) reported that
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extraordinary natural environments have significantly stronger
effects on restorativeness than ordinary ones.

Mattila et al. (2020), Suppakittpaisarn et al. (2023), Reese
et al. (2022b) and Browning et al. (2020) confirmed that
virtual natural environments, such as forests or urban parks,
lead to high levels of perceived restorativeness, comparable to
those obtained in physical natural settings. Meng et al. (2024)
found significant differences between perceived restorativeness
values in urban parks and natural conservation areas, in favour
of the former. Seiz et al. (2023) confirmed the restorative
potential of designed urban green spaces. Finally, Litleskare &
Calogiuri (2019) reported that a higher degree of VR natural

scene stability leads to more perceived restorativeness.

Self-report evidences on individual restoration

For restoration assessment through self-report measures,
Hejtmadnek et al. (2022), Reese et al. (2021), Rockstroh et al.
(2020), Suppakittpaisarn et al. (2023), Suseno & Hastjarjo
(2023), Kawai et al. (2024) and Mattila et al. (2020) show
an overall positive impact of the natural virtual environment
on restoration. Furthermore, Schebella et al. (2020) evidence
the importance of multi-sensory stimulation for recovery from
stress, with a non-linear positive effect related to biodiversity
which seems to be inversely correlated to stress recovery. Zhang
et al. (2023) showed that exposure to natural environments
improves cognitive flexibility and reduces perceived cognitive
load. Walters et al. (2024) demonstrated a significant increase
in restorative mental state after exposure to a natural setting
in VR, but the decrease in fatigue was not significant. Kawai
et al. (2024) indicated that the positive effects of nature affect
both restoration (with prior stress induction) and instoration
(without prior stress induction). Reese et al. (2022a), finally,
reported no differences between restoration levels both for
exclusively-natural and human-natural environments.

Physiological evidences on individual restoration

Implicit measures, mainly physiological, generally confirmed
the benefits of natural virtual environments on restoration.
Indeed, Huang et al. (2020) observed that SCLs decrease
significantly in the first 5 minutes in virtual environments with
grass or trees, whereas they increase in urban environments.
Moreover, Hedblom et al. (2019) evidences significant lower
levels of SC in participants that recovered in green virtual
environments compared to the ones that experienced urban
environments. Similarly, Meng et al. (2024) reported relevant
and similar reductions in SCL and nSCR in participants
exposed to peri-urban parks and nature conservation areas
than the ones whose exposure was in urban parks. In contrast,
Browning et al. (2020) reported a different trend, with
SCLs progressively increasing during exposure to nature
scenes. Instead, also Suseno & Hastjarjo (2023) reported a
decrease in SCLs and HR during exposure to virtual natural
environments, indicating a relevant reduction in activation,
without differences between VR and 2D video experiences.
Kawai et al. (2024) observed a significant reduction in SCL

in participants immersed in natural environments compared
to urban ones, although no significant differences emerged in
salivary cortisol levels.

Yin et al. (2022), observing salivary cortisol, blood
pressure, and change of serum IL-6 and IL-10 highlighted a
significant reduction in participants’ stress levels exposed to
desert scenarios compared to the ones exposed to an office
environment. Yu et al. (2018) showed a significant reduction
in blood pressure, HRV, as well as in SAA, in participants
which experienced a forest environment compared to those
whose experienced urban scenarios. In contrast, in Yu et al.
(2020), the restorative potential of not only a natural virtual
environment but also an urban environment is revealed,
through a reduction in participants’ HR.

Anderson et al. (2017) and Schebella et al. (2020) observed
a significant reduction in EDA. In addition, the former
experienced a decrease in Low Frequency/High Frequency
(LF/HF) index, while the latter showed a decrease in HR, both
positive, during VR exposure to nature.

In contrast, Jeon et al. (2023) reported a positive impact
of both natural and urban environments on ECG and EEG
measurements, surprisingly. Hao et al. (2024), using EEG and
HRYV, demonstrated that exposure to extraordinary natural
environments enhances physiological restoration more than
ordinary ones, although with decreasing effects in the case
of over-exposure. Litleskare & Calogiuri (2019) using HR,
highlighted the importance of visual stability in VR scenarios
to prevent cybersickness symptoms.

Chung et al. (2018), Gao et al. (2019), Seiz et al. (2023)
and Zhang et al. (2023), using EEG, collectively found lower
frontal cortex activation, less attentional fatigue and better
cognitive flexibility after the VR intervention.

Discussion

From the results, it emerges how, in general, natural virtual
scenarios have a positive impact on perceived environmental
restorativeness and individual restoration. Indeed, it can be
observed that after the VR intervention with natural scenarios,
perceived restorativeness levels assessed with self-reported
measures (e.g. PRS, RS) and restoration levels assessed both
with explicit measures (e.g. ROS) and implicit physiological
measures (e.g. EDA, ECG), tend to be higher than before
the intervention. Similarly, in the studies which employed
an only posttest experimental design, in the VR treatment
condition perceived restorativeness and restoration levels were
higher than in the control condition. This occurs with various
types of natural environments, green, blue, white and brown
too. Green environments and blue scenarios are the most
represented by these studies, resulting to be highly restorative
and able to promote individual restoration. One novelty is the
restorative potential of arctic and brown environments, less
explored in this specific research literature. Additionally, it has
been reported that extraordinary natural landscapes are able to
promote perceived environmental restorativeness too.
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Moreover, it emerged that some characteristics of the
virtual environment/experience such as different brightness
levels of VR scenarios and various degrees of immersion, as
well as stimulation degree of natural representation affect
the impact of restorativeness and restoration. In particular,
medium brightness, high immersive and more stimulating
scenarios lead to greater positive effects. Thus, these elements
should be considered in the construction of restorative VR
scenarios in order to maximize individual restoration. Similarly,
biodiversity levels and multisensory stimulation should be
counted too: according to Schebella et al. (2020), indeed, a
VR environment characterized by low biodiversity and high
multisensory leads to a most effective recovery from stress.

Furthermore, the improvement of individual restoration
and perceived restorativeness is promoted by different types
of intervention’s duration: very-short, short, moderate, long.
Thus, also a shorter VR experience in a natural environment
is perceived as restorative and is able to increase individual
restoration, emphasizing the relaxation potential of nature.
In Suppakittpaisarn et al. (2023), where different exposure
durations (1, 5 or 15 minutes) are analyzed, it has been
reported that the 5 minutes VR experience was the most
effective to promote perceived restorativeness and restoration.
However, it’s important to point out that longer exposure time
durations are necessary to be explored especially in order to
assess physiological restoration, given that it takes time to
observe the change in some physiological indices of stress or
relaxation, such as salivary cortisol levels or EDA.

Regarding participants’ position during the intervention,
only 6 studies of 35 analyzed allowed people to walk. In the
remaining 29, participants were seated, also due to the fact
that many studies included physiological measures whose
monitoring facility required individuals to be stationary or
have limited opportunity for movement. It emerges how the
exclusive role of participants’ physical location or ability or
lack of movement in perceived environmental restorativeness
or individual restoration is not well investigated. Therefore, for
future research, it would be appropriate to isolate this factor
and test its impact on the two reported constructs.

Conclusion and future directions

This SRL explores the impact of natural virtual environments
on perceived environmental restorativeness and individual
restoration. It emerges how different kinds of natural
environments (green, blue, white and brown) are able to
enhance these two constructs, both by implicit and explicit
assessment. Green and blue scenarios are the most used and
the ones whose effectiveness is the most verified. Thus, it is
desirable for future research to implement the utilization of
other natural virtual environments types, maybe focusing on
those natural representations which are less studied currently,
such as white and brown environments.

Regarding the VR interventions, it emerges that the
exposure durations explored are various but usually all
effective: it should be interesting for the future researchers
to observe the effectiveness of similar interventions (with
the same virtual scenario) using different exposure durations

in the same experimental procedure. Moreover, most of the
analysed articles implemented a seated VR experience: thus,
it should be important to further investigate other physical
experiences, such as a laying position or a walking position,
in order to observe how physical movement affects the VR
experience.
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