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ABSTRACT

Objectives: The study aims to conduct a systematic literature review and meta-analysis to assess the effects of
digital nature and actual nature on stress reduction.

Methods: In August 2023, Web of Science, Scopus, ProQuest, PubMed, and EBSCOhost databases were used, and
ten articles were in the analysis, with a total sample size of 886 participants. Studies within- or between-subjects
design conducted in either a randomized controlled trial or a quasi-experimental design were included. No re-
striction was put on the year of publication or geographical region. Conference papers and dissertations were also
included whereas, book chapters were excluded. Participants included those who were exposed to at least one
form of digital nature exposure, such as static images, videos, 360° pictures, and 360° videos. The risk of bias
determined through Review Manager 5.4 was used to assess the quality of the studies. STATA software package
version 16 was used for visual analysis of funnel plots. For the assessment of potential publication bias, Egger’s
test was implemented.

Results: Digital natural environments had the same level of stress recovery compared to actual environmental
exposures with the same intervention content (SMD = —0.01; 95% CI: —0.15, 0.12). Subgroup analyses and
meta-regression indicated that subjective or physiological stress measures, level of immersion, and data
extraction method were not associated with pooled effect stress recovery. All subgroups showed comparable
stress levels in both conditions. In addition, all included studies had different levels of risk of bias (low, moderate,
and high).

Conclusions: The present study concludes that previous research has generally shown that stress levels are
reduced in both digital and actual natural environments. The results of the meta-analysis support this conclusion
with no significant differences between the two modes of stress recovery through nature viewing.

1. Introduction

disease, anxiety, depression, hypertension, obesity (Pogosova et al.,
2021; Bouillon-Minois et al., 2021), and burnout (Jin et al., 2020).

Digital nature (representations or simulations of natural environ-
ments) has immersive forms of output such as 360°photo or 360°video
(Bertel et al., 2020) and other forms of production including nature
soundscapes (Rejeh et al., 2016), cave automatic virtual environment
(Annerstedt et al., 2013) and C-G virtual reality (Li et al., 2021).
Numerous studies have shown the benefits that the digital nature can
bring to people such as elevated physiological arousal (Browning et al.,
2020a), increased motivation, improved cognitive functioning (Reece
and Merchant, 2022), improved subjective vitality (Reese et al., 2022a,
b), and reduced stress (Reese et al., 2021; Valtchanov et al., 2010). These
benefits are particularly important because high levels of stress are
associated with various negative outcomes such as cardiovascular
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Moreover, current strategies to cope with stress include excessive
caffeine intake, overeating, or the use of sedative drugs which are
accompanied by many adverse contraindications and side effects such as
health problems, substance dependence, and abuse (AlAteeq et al.,
2021).

Even though many scholars have argued that exposure to virtual
nature (simulated or computer-generated environments that mimic
natural landscapes, ecosystems, or elements of nature) can be beneficial,
is it possible to infer that the benefits of exposure to digital and real
nature are equivalent based on the available evidence? Caution is war-
ranted (Browning et al., 2020b), partly because it is unclear whether the
benefits of digital nature can be explained through attention restoration
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theory (Kaplan and Kaplan, 1989a, 1989b) and stress reduction theory
(Ulrich, 2023) based on natural environments. Because digital nature
relies heavily on visual and auditory stimuli and lacks additional sensory
engagement, this may allow participants to focus more on the applica-
tion’s content, which may lead to psychological improvement (Mattila
et al., 2020). Also, given the relatively limited direct comparisons be-
tween digital and actual natural environments (Browning et al., 2020a),
more Empirical Research is needed in the future to delve deeper into the
similarities and differences between these two natural exposures, and
for the time being, comparing the differences between the two continues
to be a high-profile area of research. Therefore, the present study aims to
critically compare the stress reduction efficacy of digital versus actual
nature using meta-analytic methods to identify if digital nature can serve
as a potential modality in the treatment of stress.

Interest in digital-based nature interventions has increased dramat-
ically over the last decade, and nature interventions utilizing digital
technology have shown various benefits, including stress reduction (Li
et al., 2023; Spano et al., 2023). A large number of results from reviews
on digital nature for stress reduction show the feasibility of digital na-
ture in reducing stress (Abdullah et al., 2021; Gentile et al., 2023; Naylor
et al., 2020; Riches et al., 2023; Velana et al., 2022). However, other
reviews have concluded that research using digital nature techniques to
explore stress has been relatively limited and that some measurements,
particularly physiological indicators of stress, have not demonstrated
consistent positive effects (Frost et al., 2022; Lee et al., 2022; Li et al.,
2023; Spano et al., 2022,2023). Therefore, they are cautious about the
potential benefits of replication in actual natural environments. Yang
et al. (2021) concluded that due to telepresence during the pandemic,
affective motivational states were observed. Participants reported the
feeling of enjoyment and satisfaction having a 360° virtual tour expe-
rience (a specific type of digital experience where users can navigate and
explore a location or environment virtually, usually by viewing a 360-
degree panoramic image or video), causing stress reduction. More-
over, the study found a moderating effect of telepresence on satisfaction
with the 360° virtual tour experience (Yang et al., 2021). Virtual Reality
(VR) has been effective in diminishing stress levels among individuals
with higher levels of stress (Kim et al., 2021). In the study by Ribeiro
et al. (2021), the impact of exposure to nature and mental health out-
comes were examined during the pandemic-induced lockdown in two
countries, Portugal and Spain. The study showed that in Portugal, due to
people using natural public spaces, observing natural landscapes, and
somatization during the pandemic, lower stress levels were found.
Similarly, in Spain, an increase the exposure to green spaces led to a
reduction in stress. People had frequent contact with indoor plants in
Spain and they had privately held green spaces in their community,
helping them relieve their stress. Hence, nature has to be considered as
one of the critical elements in urban planning to increase its exposure for
promoting well-being. Yao et al. (2021) analyzed a dearth of formal
statistical assessments concerning an interplay between direct exposure
to the natural environment and stress relief for which a meta-analysis
study was conducted. The results indicated that exposure to natural
environments relieves stress significantly. However, the study stated the
risk of bias, and residual heterogeneity as its limitations calling out the
need for future research in this area (Yao et al., 2021). In the study by
Riches et al. (2021), the results of the systematic analysis showed that
VR was effective in providing relaxation to the general public during the
lockdown by lowering their stress.

Fewer meta-analyses directly compare digital and actual nature
(Browning et al., 2020b). Lahart et al. (2019) compared outdoor green
exercise with indoor virtual green exercise across five studies, in which
no significant differences were found in energy, calmness, tension, fa-
tigue, attention, and heart rate, but outdoor green exercise was signifi-
cantly superior to indoor green exercise on the enjoyment score. Another
article explained the moderating effect of the type of exposure to nature
(actual vs. digital nature) on mood effects, and the results showed that
actual nature had a more significant impact on positive mood (McMahan
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and Estes, 2015). Browning et al. (2020b) compared the differences
between digital and actual nature on positive affect (PA) and negative
affect (NA) effects, showing that actual nature performed better on PA
but that there was no significant difference between interventions in the
two conditions on NA (Browning et al., 2020b). Reviews directly
comparing digital and actual nature in terms of stress differences are still
missing. To fill this gap, the primary purpose of this paper is to assess the
differences in stress measures between digital and actual nature using
meta-analytic methods.

The goals of this meta-analysis included a primary goal and multiple
secondary goals. The primary objective was to compare the effects of
digital versus actual nature on two types of stress levels: Physiological
stress defined as any external or internal condition that affects the ho-
meostasis of an organism (Kagias et al., 2012) and subjective stress is
defined as the perceived stress which can be measured by a question-
naire (Fohr, n.d.). Furthermore, the study was designed to provide new
evidence on whether digital nature can be an alternative option for
people to access nature. In the following, the research questions are
stated:

a) Do subjective and physiological stress indicators (perceived and
physiological indicators) affect the results of comparisons between
the two conditions (digital nature and actual nature)?

b) Are digital natural and actual natural affected by different types of
data extraction in comparing stress effect sizes? (i.e., the difference
between post-intervention values and those with blank or baseline
groups vs. endpoint values only)

c) Finally, are digital nature and actual nature affected by different
levels of immersion, i.e., different ways of presenting digital nature,
in comparing results for the stress effect?

2. Materials and methods
2.1. General

The review and meta-analysis followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines,
and to avoid duplication of review efforts, the review registration was
completed early in the screening phase.

2.2. Inclusion criteria

The inclusion criteria followed was PICOS framework format
(Morgan et al., 2018). The scope of this meta-analysis was not limited to
a specific location, so adults in various settings were included. People
with audiovisual impairments were excluded since actual and digital
nature both tend to produce effects through sensory engagement. Hence,
this sensory limitation would alter the interpretation of the results. On
the other hand, people with mental illnesses such as depression and
anxiety, who did not prevent participation in the study were included.
This was done because mental illness as a factor cannot interfere with
the findings of the study as the experience with the digital and actual
nature remains the same regardless of whether an individual is suffering
from a mental illness or not. Participants were included who were
exposed to at least one form of digital nature exposure, such as static
images, videos, 360° pictures, and 360° videos. The environment’s na-
ture or characteristics could not be inferred indirectly by relying solely
on other variables or indicators, and the exposure content of the two
conditions needs to be consistent. For example, if the digital natural
condition was to view a summer forest landscape and the actual natural
condition was to view a winter forest landscape, this would be excluded
because it would be influenced by environmental preferences (Van Den
Berg et al., 2003). Various subjective Perceived Stress Scale or objective
physiological measures of stress, such as heart rate (Payne and Rick,
1986; Santhanagopalan et al., 2018), heart rate variability (HRV)
(Aeschbacher et al., 2017; Choi et al., 2005; Lischke et al., 2018), and
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blood pressure (Fernandes et al., 2014) were involved while the inclu-
sion did not depend on the presence of a baseline (or blank) group. The
studies within- or between-subjects design conducted in either a ran-
domized controlled trial or a quasi-experimental were included. The
articles published in the English Language, conference papers were
included and the book chapter was excluded.

2.3. Search strategy and study selection

The studies were selected based on their relevance to the main dis-
ciplines i.e., Psychology, Environmental Psychology, and Architecture.
Online databases such as Web of Science, Scopus, ProQuest, PubMed,
and EBSCOhost were used. The search was initially conducted in
November 2022, followed by a second search in August 2023. To ensure
that the literature review was as comprehensive and exhaustive as
possible, the second round of searches retained the strategy of the first
round of searches, in addition to supplementing the reference tracking
with specific vital articles and existing reviews.

The search string contained three elements:

a) Nature (e.g. “natural environment”, “natural elements”, “exposure to

nature”, “green space”, “biophilia” defined as a hypothesis that

suggests that there is an inherent genetic and biological link between
humans and nature (Gaekwad et al., 2022), “biophilic design”
defined as a design that incorporates biophilia into the built envi-
ronment (Gaekwad et al., 2022). Less frequently used words like

“biophilia” and “biophilic design” were included to enhance the

literature survey by incorporating researches that study the human-

nature connection.

Stress is defined as “mental tension that occurs as a result of a

difficult situation” (WHO, 2023). (e.g. “stress recovery”, “Stress re-

lief’, “Reduced Stress” or “mental health” defined as the social,

psychological and emotional well-being (CDC, 202.3))

c) digital nature (“virtual environment”, “simulate nature”, “virtual
environment”, “immersive virtual environment”, “virtual reality”,
“static picture” defined as pictures that do not move, “picture”,
“photo” or “video” “360° picture” is defined as an image that can be
viewed from all sides, i.e. the user is able to rotate the viewpoint in
the image freely).

b

~

The retrieved literature data into Zotero software, a free literature
management tool was used to integrate and import the studies. The
metadata included information such as article title, abstract, author
name, publication date, and journal name. Subsequently, the two re-
searchers entered the literature screening phase, in which the re-
searchers independently assessed and made decisions without
knowledge of each other’s assessments while following predetermined
inclusion and exclusion criteria.

2.4. Data extraction and coding

All titles and abstracts were first examined for digital natural con-
ditions and actual natural conditions interventions. The researcher
(Luyao Fan) developed a standardized data extraction form in Excel
based on tools recommended by the Cochrane Collaboration and inde-
pendently completed the review and coding of article metadata,
extracting and collating data on the country of inclusion in the study,
type of participant, method of recruitment, type of intervention (digital
natural conditions vs. actual natural conditions), outcome metrics
(perceived or physiological stress), baseline (or blank group), inter-
vention duration, stress induction, and other confounding variables,
data situation at baseline (or blank group), intervention duration, stress
induction, and other confounding variables. If the article does not
contain data that can be used in the meta-analysis, the first researcher
contacted its authors to obtain the required data. Finally, the second
researcher (Mohamad Rizal Baharum) checked the first researcher’s

Internet Interventions 38 (2024) 100772

work, and any disagreements were resolved through phone calls, video
calls and e-mail discussions. To mitigate the limitations presented by
having two researchers, calibration exercises and regular consensus
meetings were conducted. In case of a disagreement regardless of these
measures, a third-party expert was consulted to make a decision.

2.5. Data synthesis

To assess the literature more broadly, in addition to considering
cases where both the test group (digital nature) and the control group
(actual nature) had both a baseline or a blank group, the cases where
only post-intervention values were available (and where the authors
were unable to provide additional baseline data) were considered. The
information considered in the individual studies is shown in Table 1.

Standardized Mean Difference (SMD) was used as the summary
statistic for the meta-analysis as the included studies used different
measures and 95% confidence intervals were also calculated for SMD,
where SMD values for all effects were all calculated by the software
STATA 16.

2.6. Heterogeneity

The researchers used Cochran’s Q statistic and I? to compute the
heterogeneity between the study effect sizes. The primary purpose of
Cochran’s Q statistic is to test whether the variability in the effect sizes is
more significant than expected from the sampling error. (Huedo-Medina
et al., 2006). When the p-value of the Q statistic is significant, there is
significant heterogeneity among the effect sizes in the individual studies,
i.e., more than the variation due to random sampling error alone. 12 A
tool to quantify the proportion of overall variability between studies
(Higgins, 2003), 12 < 30% indicates that the total variability due to inter-
study heterogeneity is small; 30% < I? < 60% represents moderate
heterogeneity; and 60% < I2 < 100% represents a significant degree of
heterogeneity (Deeks et al., 2019). The random effects model was used
in all meta-analyses, as it is considered a more conservative approach for
cases with moderate or considerable heterogeneity (Deeks et al., 2019).

2.7. Sensitivities and publication bias

The stability of the overall estimates was tested by excluding a
particular study from the sensitivity analysis. STATA version 16 for vi-
sual analysis of funnel plots and Egger, Begg regression tests to check for
potential publication bias were employed. Funnel plots Egger and Begg
tests used SE to measure study size for the vertical axis and SMD for the
horizontal axis (Egger et al., 1997).

2.8. Subgroup analysis and meta-regression

Meta-regression analyses using the “metareg” command in STATA 16
to examine the effects of confounders (including stress type, data
extraction method, and immersion level) on the combined stress effect
sizes were conducted. In addition, subgroup analyses were used to
evaluate differences in effect sizes across groups (stress type, data
extraction method, and level of immersion).

Table 1
Underlying data from various studies.
Group Baseline Final Change
Experimental group (Digital Meanl(B), SD1 Meanl(F), Mean1(C),
Nature Group) (B), n1 SD1(F), nl SD1(C), n1
Control group (Actual nature Mean2(B), SD2 Mean2(F), Mean2(C),
Group) (B), n2 SD2(F), n2 SD2(C), n2
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2.9. Risk of bias/article quality

The quality of the included studies on six indicators using the Review
Manager 5.4 tool for assessing the risk of bias was assessed i.e., random
sequence generation (selection bias), allocation concealment (selection
bias), blinding of participants and personnel (performance bias),
blinding of outcome assessment (detection bias), incomplete outcome
data (attrition bias), selective reporting (reporting bias), and other bias.

3. Results

The database literature search yielded 1792 records, of which 158
were eligible for full-text review, and 3 additional records were
retrieved by Reference tracking. 10 trials from 10 publications met the
inclusion criteria out of which 8 employed randomized control trial
methodology and only 2 employed quasi-experimental methodology.
The data identification, screening, eligibility, and inclusion process is
detailed in Fig. 1.

3.1. General description of articles

Table 2 provides a summary of metadata about the entire dataset. Of
the 10 studies included, a large proportion (n = 6) utilized a between-
groups design, and the remainder utilized a Within-groups design.
Similarly, more than half (n = 7) of the studies reported pre-intervention
(or blank-group)/post-intervention data, and the remaining 3 studies
reported post-intervention data only. Most studies (n = 7) showed no
stress-inducing task. However, in three of the studies, one (n = 2) or
more (n = 1) stress-inducing tasks were implemented to elicit higher
levels of mental fatigue in participants.

The design of the studies (between-groups vs. within-groups) and the
use of stress-inducing tasks significantly influenced the findings. Studies
with a between-groups design and stress-inducing tasks tended to report
higher levels of mental fatigue and more pronounced stress responses
compared to within-groups designs without such tasks. Furthermore,

\ Identification of studies via databases and regi

Records from each database

Screening

5 Web of Science = 531
Records identified through Scopus =313
PubMed, Cochrane database ProQuest = 64
searching (n = 1792) Psychology and Behavioral
Sciences Collection = 656

CINAHL Complete = 1636

Total number of articles identified

(n=1134)

Exclude duplicates, reviews,
book chapters and non-English
records = 658

Screening of abstracts
(n=158)
Reference tracking (n = 3)

|

Article excluded (did not meet
the inclusion criteria) = 976

Assessment of eligibility of full-
text articles (n = 10)

Final samples of articles (n = 10)

Articles excluded (165)

Review = 1

Authors unable to provide data =
3

Wrong study design = 6

Wrong intervention = 132
Full-text unavailability in English
=7

Duplicates = 1

Authors unable to provide details
=13

Fig. 1. The PRISMA flow diagram.
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studies utilizing pre-intervention and post-intervention measurements
provided a more comprehensive view of changes over time, while those
with only post-intervention data were limited to capturing immediate
effects.

Finally, seven studies had post-experimental values as well as base-
line or blank group values (Brooks et al., 2017; Emamjomeh et al., 2020;
Kahn et al., 2008; Kjellgren and Buhrkall, 2010; Nukarinen et al., 2020;
Reese et al, 2022b; Yin et al.,, 2018). Three studies had post-
experimental values only (Calogiuri et al., 2018; Gatersleben and
Andrews, 2013; Markwell and Gladwin, 2020).

3.1.1. Publication years and locations

Studies that met the inclusion criteria were first published in 2008
(Kahn et al., 2008), and the number of papers increased steadily from
2017 onwards, with 70% of studies published after 2017 (n = 7). This
suggests that the topic of whether digital nature can replicate the ben-
efits of actual nature has received increasing scholarly attention in
recent years.

Ten studies were from seven different countries and regions, six of
which were from Europe, including the United Kingdom of Great Britain
and Northern Ireland (n = 2), Norway (n = 1), Finland (n = 1), Sweden
(n = 1), and Germany (n = 1). The remaining 4 studies were all from
North America, including the United States of America (n = 3) and
Canada (n = 1). This shows that all 10 studies were from high-latitude
countries. Hence, it is hypothesized that the reason why high-latitude
countries show a strong interest in virtual nature technologies is due
to the fact that high-latitude countries typically experience extreme
seasonal variations (Rehdanz and Maddison, 2005), such as cold winters
and short summers. Such climatic conditions can limit people’s oppor-
tunities for outdoor activities. Regardless of the weather; however,
digital nature technologies can provide access to the natural environ-
ment in an indoor setting.

3.1.2. Participants

Sample sizes ranged from 17 to 60 with a median of 27. The vast
majority of the studies were conducted with students or Teaching and
Administrative Staff (n = 7), and of these studies, four were conducted
with undergraduate or graduate students (Brooks et al., 2017; Emam-
jomeh et al., 2020; Gatersleben and Andrews, 2013; Kahn et al., 2008).
Three studies included both students and teaching and administrative
staff (Calogiuri et al., 2018; Nukarinen et al., 2020; Yin et al., 2018) ,
the remaining 2 studies involved students and volunteers (Markwell and
Gladwin, 2020; Reese et al., 2022b), and one study on stress and/or
burnout syndrome (Kjellgren and Buhrkall, 2010).

Except for one study that did not specify the gender of the partici-
pants (Kahn et al., 2008), the remaining seven studies had 59.85% fe-
males, 39.41% males, and two persons of unknown gender. The average
age of the participants in all the studies was 26.79 years old, with
87.77% of the participants being under 26 years old. Finally, two studies
did not provide information on participant recruitment methods
(Emamjomeh et al., 2020; Nukarinen et al., 2020), and eight studies
explicitly outlined recruitment methods, of which, two used an exclusive
pool of study participants, while their remaining six studies conducted
recruitment using flyers, e-mails, webpages, and social networking sites.

3.1.3. Outcome measures

Physiological stress indicators are all measurements related to sym-
pathetic nerve (SNS) and parasympathetic nerve (PNS) activation and
can be summarized broadly in 4 categories. Emamjomeh et al. (2020)
used the SNS /PNS Index to measure. The SNS and PNS are responsible
for activating the “fight or flight” response (Johnson, 2019). It is acti-
vated when the body perceives danger or threat, triggering a series of
physiological changes such as increased heart rate, elevated blood
pressure, and the release of stressors such as adrenaline chemicals, they
trigger physiological changes such as increased heart rate, elevated
blood pressure, and the release of stress chemicals such as adrenaline.



Table 2

Summary of metadata.

Author Digital nature Actual nature Output Stress measurement tools Whether Sample  Action Measurement Sample Intervention Study
device stress- state indicators/ size (n) time/selection design
induced direction of method
decompression
Yinetal., 2018  Reproduction of An office with plants, HMD Wearable sensors No Stud, Sitting HR Recovery |, SCL 28 5 min(MO) RCT
physical conditions bamboo floors, floor-to- TAS Recovery | , BP
using 360° videos ceiling windows, and Recovery |
exterior views of the river
Emamjomeh Replicating physical A lounge area with floor to HMD Sympathetic nervous system index, No Stud Sitting SNS Recovery |, 35 5 min (MO) RCT
et al., 2020 conditions using a form  ceiling windows parasympathetic nervous system index PNS Recovery 1
of 361° videos overlooking the plants and
outside lawn.
Calogiuri et al., (1) Watch 360° videos Take a walk outdoors in a HMD Perceived Restorativeness Scale, HR- No Stud, 1. Sitting HR | 26 10 min(MO) RCT
2018 in sitting position, the natural setting to view monitor, Physical Activity Affect Scale TAS \S
content of the videos plants, rivers, buildings, (PAAS) Walking
replicates the physical soccer fields and trails. 2.
conditions. Walking
(2) treadmill running VS
state watching Walking
360°videos, video
content replicating
physical conditions
Brooks et al., 25 nature pictures Sit quietly on a bench near ES DASS-21 No Stud Sitting Perceived Stress 47 10 min(MO) RCT
2017 (winter) the park and watch the fall Recovery |
and winter scenery, which
contains natural elements
such as lawns, plants,
rivers, and birds.
Nukarinen (1):VR 3D model to see View of the forest, HMD Mindmedia NeXus-10 neuro- and No Stud, Sitting HR Recoveryl, HRV 24 10 min(MO) RCT
et al., 2020 the physical conditions including green areas, biofeedback system, PANAS scale TAS RMSSD Recoveryf,
of the replica. lakes/rivers EDA Recovery |
(2):360° videos of the
physical conditions of
the replica.
Kjellgren and 97 pictures of nature Park benches watch the ES VAS-scale, SE instrument Yes Pat Sitting Pulse Recovery|,BP 18 30 min(MO) RCT
Buhrkall, natural scenery, containing: Recovery |,
2010 woods, and natural Perceived Stress
elements such as lakes and Recovery |
rivers.
Kahn et al., Reproduction of Window view with ES Biopac MP 100 physiological system Yes Stud Sitting HR slope | 60 Max = 5 min QE
2008 physical conditions in fountain, plantings, grassy with a 2-lead configuration for (AO)
the form of videos area collecting electrocardiogram (ECG)
Reese et al., Experience a forestwalk ~ The forest next to the HMD Restoration outcome scale (ROS) No Stud, Sitting Perceived Stress 50 Mean = 6.93 RCT
2022a, in the form of Virtual school, with views that Vol Recovery | min (AO)
2022b Reality Travel include elements such as
plants, trails, log cabins and
staircases
Markwell and Watch the forest walkin ~ Forest walks to see natural ES PANAS scale, Warwick-Edinburgh No Stud, Sitting VS Perceived Stress | 22 1 h*4(MO) QE
Gladwin, video format scenery containing trees, mental well-being scale Vol Walking
2020 animals and other elements
Gatersleben Watch the forest walkin A walk in the forest to see PS Self-rating restoration scale (SRRS), Yes Stud Walking HR Recovery | 17 10 min(MO) RCT

and
Andrews,
2013

video format

the natural scenery
including trees, paths, and
other elements.

Inventory of Personal Reactions
(ZIPERS), Necker Cube Pattern Control
Task (NCPCT), A&D UA-767 digital
blood pressure and heart rate monitor.

Output device(HMD:HeadMounted Device; ES:electronic screen; PS:projector screen).
Sample(Pat.: patients; Stud.: students; TAS:teaching and administrative staff; Vol.: volunteers).

Selection method (MO = mandatory option; AO = autonomy option).

Study design(RCT:randomized controlled trial; QE:quasiexperimental design).
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Thus, a higher SNS index indicates more significant stress (Emamjomeh
et al., 2020). In contrast, the parasympathetic nervous system is usually
active during times of physical relaxation, rest, and recovery, and acti-
vation of the PNS is associated with decreased heart rate, blood pressure,
and other physiological indicators of stress. Thus, higher PNS indices
indicate lower stress levels (Emamjomeh et al., 2020). Kjellgren and
Buhrkall (2010) and Yin et al. (2018) used blood pressure (i.e., SBP and
DBP) as the measurement. In stressful situations, an increased sympa-
thetic nervous system leads to an increase in both systolic and diastolic
blood pressure.

The studies by Calogiuri et al. (2018), Gatersleben and Andrews
(2013), Kahn et al. (2008), Kjellgren and Buhrkall (2010), Nukarinen
et al. (2020), Yin et al. (2018) used HR/HRV as a measure (i.e., heart
rate, pulse, and heart rate variability). Stress causes elevated heart rate
and pulse rate (Chalmers et al., 2021), as well as an increase, decrease,
or constancy in many of the measured variables associated with heart
rate variability, and the HRV RMSSD we included was negatively
correlated with stress (Gaekwad et al., 2023).

One study used EDA/SCL as a measurement (electrical activity of the
skin) (Nukarinen et al., 2020; Yin et al., 2018), and in the face of
emotional states such as stress, anxiety, or nervousness, the sympathetic
nervous system is activated, leading to the release of adrenaline, which
in turn stimulates sweat gland secretion (Kjer and Lange, 2020). This
causes a change in skin conductance and an increase in EDA (Znidaric
et al., 2023). Skin conductance response (SCR) and skin conductance
level (SCL) are two critical indicators of electrical skin activity (EDA)
(Soni and Rawal, 2020).

In addition, four studies used perceived stress as a measure of the
stress part of the DASS-21 scale (Brooks et al., 2017) the Standard Stress
Scale (Reese et al., 2022b), the perceived stress scale (PSS) (Markwell
and Gladwin, 2020) and the SE instrument (the part of stress) (Kjellgren
and Buhrkall, 2010).

The outcome measures employed in these studies also played a

Study
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crucial role in the findings. Studies that measured physiological in-
dicators such as heart rate, blood pressure, and skin conductance were
able to provide objective data on stress responses, which often corre-
lated with the presence of stress-inducing tasks and the type of study
design. In contrast, studies that relied on self-reported measures of
perceived stress provided insight into the subjective experience of stress,
which could vary depending on individual differences and contextual
factors.

Finally, Stress recovery (Zijlstra et al., 2014) was used to define the
recovery value of the metrics, with the post-experimental value minus
the baseline or blank group value being the recovery value for that
outcome measure, and the direction of decompensation for all measured
quantities Table 2.

3.1.4. Effect size and heterogeneity

The effect sizes comparing the intervention group (Digital Nature) to
the control group (actual Nature) for the 10 studies are shown in Fig. 2.
SMD = —0.13, (95% CI = —0.48, 0.21), z = 0.77, and p = 0.443 > 0.05,
indicating that there was no statistically significant difference between
the intervention group (Digital Nature) and the control group (actual
Nature). In other words, the effect of digital nature and actual nature on
stress was consistent. After the heterogeneity test, it was found that I2 =
82.7% > 60% (high heterogeneity) and p = 0.000 < 0.05 for the Q-test,
the results showed a substantial heterogeneity among the literature
selected for this study. Sensitivity analysis was continued to ensure the
accuracy and stability of the study.

3.1.5. Sensitivity analysis

The purpose of sensitivity analysis is to identify studies that can
significantly impact the results of the meta-analysis (including studies
that contain outliers and are at high or unclear risk of bias), thereby
improving the credibility and robustness of the review. As in Fig. 3, a
sensitivity analysis was performed. One comparison data was deleted

D SMD (95% C) Weight
Yin et al., 2018 (HR Recovery) _ : -0.81(-135,-0.26) 475
Nukarinen et al., 2020 (1) (HR Recovery) f —0— 0.39 (-0.60, 1.38) 373
Nukarinen et al., 2020 (2) (HR Recovery) : - 0.34 (-0.65, 1.32) 373
Kellgren & Buhrkall, 2010 (Pulse Recovery) . -0.01(-0.83,0.91) 388
Gatersleben & Andrews, 2013(1) (HR Recovery) -+~ -0.21(-0.88,0.47) 447
Gatersleben & Andrews, 2013(2) (HR Recovery) : ——ee 1,49 (0.72, 2.25) 426
Calogiuri et al., 2018 (1) (HR) —O—;—— -0.43(0.98, 0.12) 474
Calogiuri et al., 2018 (2) (HR) < : 10.96 (-13.17,-8.74) 167
Kahn et al., 2008 (HR slope) : +— 0.49 (-0.03, 1.00) 481
Nukarinen et al., 2020 (1) (HRV RMSSD Recovery) : - 057 (043, 1.57) 370
Nukarinen et al., 2020 (2) (HRV RMSSD Recovery) : - 0.61(-0.39, 1.62) 3.69
Yin et al., 2018 (SCL /EDA Recovery) —O—T—— -0.33 (-0.86, 0.20) 478
Nukarinen et al., 2020 (1) (SCL/EDA Recovery) - -0.18 (-1.20,0.83) 367
Nukarinen et al., 2020 (2) (SCL/EDA Recovery) I; 013 (-1.11,0.85) 375
Yin et al., 2018 (SBP Recovery) —+— -0.13 (-0.65, 0.40) 479
Kellgren & Buhrkall, 2010 (SBP Recovery) - : -0.34 (-127,059) 386
Yin et al., 2018 (DBP Recovery) :——0— 031 (-0.21,0.84) 478
Kellgren, Anette. 2010 (DBP Recovery) - 0.18 (-1.11,0.75) 388
Emamjomeh et al., 2020 (PNS Recovery) + 0.03 (-0.54, 0.59) an
Emamjomeh et al., 2020 (SNS Recovery) —IO-— 0.14(:0.71,042) an
Brooks, A. M.2017 (Perceived Stress Recovery ) —_— -0.18 (-0.58, 0.23) 501
Kjellgren & Buhrkall, 2010 (Perceived Stress Recovery ) - . -0.27 (-1.20,0.66) 387
Reese et al., 2022 (Perceived Stress Recovery ) —I-+— 0.00 (055, 0.55) 473
Markwell & Gladwin, 2020 (Perceived Stress ) : ~- 055 (0.30, 1.41) 405
Overall (I-squared = 82.7%, p = 0.000) <:> -0.13 (-0.48, 0.21) 100.00
|
NOTE: Weights are from random effects analysis .
T I
2 0 2

Fig. 2. Forest plot of pooled pressure effects.
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Meta-analysis estimates, given named study is omitted

Lower CI Limit

|

O Estimate | Upper CI Limit

Yin et al., 2018 (HR Recovery
Nukarinen et al., 2020 (1) (HR Recovery

Kjellgren & Buhrkall, 2010 (HR Recovery |
Gatersleben & Andrews, 2013(1) (HR Recovery) |
Gatersleben & Andrews, 2013(2) (HR Recovery)

Calogiuri et al., 2018 (1) (HR
Calogiuri et al., 2018 (2) (HR
Kahn et al., 2008 (HR slope) ||
Nukarinen et al., 2020 (1) (HRV RMSSD Recovery

( )

( )|
Nukarinen et al., 2020 (2) (HR Recovery) | |

( )

(

Yin et al., 2018 (SCL /EDA Recovery

Nukarinen et al., 2020 (1) (SCL/EDA Recovery
Nukarinen et al., 2020 (2) (SCL/EDA Recovery
Yin et al., 2018 (SBP Recovery

Kjellgren & Buhrkall, 2010 (SBP Recovery,

)
)
3
Nukarinen et al., 2020 (2) (HRV RMSSD Recovery)
)
)
)
;
Yin et al., 2018 (DBP Recovery) | f----

Kjellgren, Anette. 2010 (DBP Recovery) |

Emamjomeh et al., 2020 (PNS Recovery) | -1
Emamjomeh et al., 2020 (SNS Recovery)

Brooks, A. M.2017 (Perceived Stress Recovery ) | |
Kjellgren & Buhrkall, 2010 (Perceived Stress Recovery )
Reese et al., 2022 (Perceived Stress Recovery )

Markwell & Gladwin, 2020 (Perceived Stress )

-0.53 -0.48

-0.13 0.210.25

Fig. 3. Sensitivity analysis.

from a study with a high risk of bias. After this step, the results of the
remaining 9 studies are shown (Supplementary Fig. S1. Forest plot after
removal) with SMD = —0.01 (95% CI = —0.15, 0.12). Heterogeneity was
effectively reduced by removing one piece of data where there was
inconsistency in action categorization, I? = 44.5% > 30% and < 60%
(moderate heterogeneity).

3.1.6. Meta-regression analyses

There was insufficient evidence to support that subjective/physio-
logical indicator (p = 0.623 > 0.05), immersion level (p = 0.260 > 0.05)
and data extraction methods (p = 0.813 > 0.05) affected the combined
effect pressure magnitude had an effect (Table 3).

3.1.7. Subgroup analysis

Subgroup analyses was performed to improve our understanding of
the conditions under which digital nature may or may not be as efficient
as actual nature in alleviating stress. This analyses was exploratory since
potential variations in the outcomes across different subgroups was not
originally hypothesized. This helped in addressing several secondary
objectives of this study. A random-effects meta-analysis was performed
for each subgroup derived from the original (untrimmed) dataset
(Table 4) to determine whether perceived or physiological stress in-
dicators affect comparisons between digital and actual nature.
Furthermore, this meta-analysis was also conducted to determine
whether data extraction methods and levels of immersion affect the
comparison between digital and actual nature in stress reduction. The
subgroup analyses for subjective/physiological indicators, immersion
level, and data extraction methods all supported the meta-regression of
the results.

The subjective stress group showed SMD = —0.05, (95% CI = —0.34,
0.24),z=0.37,p=0.713 > 0.05; 12 = 0.0% < 30% (low heterogeneity)
and p = 0.464 > 0.05 for Q-test. Physiological stress group showed SMD
=0.03, (95% CI = —0.20, 0.27), z = 0.27, p = 0.786 > 0.05; I> = 51.4%
> 30% and < 60% (medium heterogeneity) and p = 0.005 < 0.05 for Q-
test. Thus, it is evident that subjective/physiological indices, which are
covariates, effectively influenced the differences in heterogeneity of
subgroups. In addition, the effect size of the intervention condition

Table 3

Summary meta-regression results.
Moderator K P value SE
Subjective/physiological indicators 10 0.623 0.279
Immersion level 10 0.260 0.226

Data extraction methods 10 0.813 0.236

Table 4

Analysis of stress in different subgroups.
Variables K n SMD 95%-C 2
Subjective stress 4 92 —0.05 —0.34, 0.24 0.0%
Physiological stress 7 334 0.03 —0.20, 0.27 51.4%
low immersion 5 141 0.16 -0.22, 0.54 60.6%
High immersion 5 285 —0.09 —0.29, 0.11 21.9%
Baseline/blank data available 7 333 0.01 —0.23, 0.24 46.5%
Post-test data available 3 93 0.07 —0.30, 0.43 46.7%

(digital nature) and the effect size of the control condition (actual na-
ture) were not significantly different between the two groups.

The low immersion group showed SMD = 0.16, (95% CI = —0.22,
0.54), z = 0.83, p = 0.406 > 0.05; I? = 60.6% > 60% (high heteroge-
neity) and p = 0.009 < 0.05 for Q-test. The high immersion group
showed SMD = —0.09, (95% CI = —0.29, 0.11), z = 0.85, p = 0.396 >
0.05; I2 = 21.9% < 30% (low heterogeneity) and p = 0.216 > 0.05 for
the Q-test. Thus, it is evident that the level of immersion, as a covariate,
effectively influences the differences in heterogeneity of subgroups. In
addition, the effect size of the intervention condition (digital nature) and
the effect size of the control condition (actual nature) were not signifi-
cantly different between the two groups.

Baseline/blank data available group showed SMD = — 0.01, (95% CI
= —0.23, 0.24), z = 0.05, p = 0.960 > 0.05; 2 = 46.5% > 30% and <
60% (moderate heterogeneity), p = 0.016 < 0.05 for Q-test. Post-test
data available only group showed SMD = 0.07 (95% CI = —0.30,
0.43), z = 0.35, p = 0.724 > 0.05; I? = 46.7% > 60% (high heteroge-
neity), p=0.111 > 0.05 for Q test. in the case of the Q statistic and the 12
showed different heterogeneity in the acceptance results, which we
attribute to the disparity in the weighting of the number of included
studies and the number of people. Finally, the effect size of the inter-
vention condition (numerical nature) and the effect size of the control
condition (actual nature) were not significantly different between the
two groups.

3.2. Publication bias

Visual inspection of the funnel plots of the pressure merger effect
revealed that they were approximately symmetrical (Supplementary
Fig. S2.). Subsequent continuation of Begg’s test (p = 0.189 > 0.05)
indicated no publication bias (Supplementary Fig. S3.), while Egger’s
test (p = 0.455 > 0.05) similarly found no publication bias (Supple-
mentary Fig. S4.).
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3.3. Quality of evidence

In the statistical process, the quality assessment was categorized, and
each indicator was judged by “low risk of bias”, “uncertainty of bias”,
and “high risk of bias” (e.g., Fig. 4), which were categorized into 3
grades: grade A (low risk of meeting 4 or more entries), grade B (low risk
of meeting 2 or 3 entries), and grade C (low risk of meeting 1 or no
entries, with the possibility of bias). Eight of the 10 included papers had
an evaluation grade of A, two papers had an evaluation grade of B, and
there were no papers with an evaluation grade of C.

4. Discussion
4.1. Findings

Digital nature is increasingly being used as an alternative to people’s
exposure to nature (Lau et al., 2023). However, using digital nature as a
substitute for actual nature is only a preliminary idea. The central
finding of this literature review is that people’s stress levels showed a
striking similarity when exposed to digital nature, and all subgroups
showed similar results to the pooled effect when compared to actual
nature. This similarity reflects the great potential of digital nature for
stress recovery.

Moreover, integrating broader environmental psychology literature
contextualizes the findings within larger theoretical frameworks, such as
biophilia or restorative environment theory. The biophilia hypothesis
suggests an innate human affinity for nature, which might explain why
digital representations of nature can reduce stress but also why they
might not fully replicate the benefits of actual nature. Restorative
environment theory posits that nature provides cognitive and emotional
restoration, which might be partially but not completely captured by
digital nature.

The integration of these theoretical frameworks deepens the analysis
by providing a richer understanding of the mechanisms at play. For
example, the biophilia hypothesis can help explain the inherent
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limitations of digital nature in replicating the full spectrum of restor-
ative benefits found in actual natural environments. Restorative envi-
ronment theory can provide insights into how digital nature might serve
as a partial substitute for actual nature by focusing on the specific ele-
ments that contribute to cognitive and emotional restoration.

By contextualizing the findings within these frameworks, the dis-
cussion addresses how digital nature might serve as a substitute for
actual nature under certain conditions and what limitations it might
have in fully replicating the restorative and stress-reducing effects of
real natural environments.

4.1.1. Subjective/physiological measures of impact

The perceived stress subgroup consisted of four articles with 92
participants. The results showed that exposure to digital nature had the
same stress levels as actual nature and there was no heterogeneity in this
subgroup.

However, the physiological stress subgroup, consisting of six articles
with a total of 334 participants, showed that the subgroup’s exposure to
digital nature had the same stress levels as the actual nature. However,
the heterogeneity was higher than that of the pooled effect. This suggests
that different physiological responses could indicate more complex un-
derlying mechanisms. The observed heterogeneity in physiological
measures might reflect individual differences in sensory processing,
personal history with natural environments, or varying levels of baseline
stress, which are not captured by the meta-analysis. Additionally, this
heterogeneity could imply that certain physiological benefits of nature
exposure are contingent on specific, yet unidentified factors. Hence, a
more thorough investigation into these complex underlying mechanisms
is essential to fully understand the intricacies of how digital nature af-
fects physiological stress. These intricacies might include the specific
types of sensory input required for stress reduction, individual differ-
ences in responsiveness to digital versus actual nature, and the role of
prior experiences with nature.

This shows that subjective/physiological stress as a confounding
variable effectively influences subgroup heterogeneity differences

Brooks et al., 2017

Calogiuri et al., 2018

Emamjomeh et al., 2020

Random sequence generation (selection bias)

Allocation concealment (selection bnas)l
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Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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compared to overall heterogeneity. Here, Physiological stress within the
group presented a higher degree of heterogeneity than the overall het-
erogeneity, unlike previous reviews that restricted the scope to actual
natural environments. Hence, the findings remained consistent, with the
numerical nature differing in the results of physiological metrics (Frost
et al., 2022; Lee et al., 2022; Li et al., 2023; Spano et al., 2022,2023).

The reason for this may stem from the fact that although digital
nature can provide some visual and auditory stimulation, it lacks the
multisensory experience and physical interaction that actual nature
provides. Numerous studies have shown that physiological recovery
cannot be attributed to visual phenomena alone but relies on the com-
bined effects of multiple senses (Kaplan and Kaplan, 1989a,b). For
example, existing digital nature technologies that rely on auditory and
visual pathways are out of their depth when it comes to recreating the
tactile experience of sunlight on the skin or stimulating the sense of
smell to appreciate the scent of flowers. Although the results of the meta-
analysis showed consistency between digital nature and actual in the
subgroup of physiological stress, due to the small number of articles and
the small total sample size, digital nature’s ability to replicate the same
effect concerning physiological stress is to be warranted.

4.1.2. Immersion level impact

The high immersion level subgroup consisted of 5 articles with a total
of 285 participants. The low immersion subgroup consisted of 5 articles
with a total of 141 participants. The level of immersion as a covariate
effectively influenced the differences in subgroup heterogeneity. The
low immersion group had a high degree of heterogeneity, whereas the
high immersion group had a low degree of heterogeneity. In addition,
the effect size of the intervention condition (digital nature) and the ef-
fect size of the control condition (actual nature) were not significantly
different between the two groups.

As the small number of articles included is unlikely to be represen-
tative of the entire subgroup, we reviewed the literature on immersion
level as a confounding effect. Since the level of presence and immersion
experienced by participants in a virtual environment affects their psy-
chological and physiological responses (Meehan et al., 2002; Mostajeran
et al., 2020), much of the literature suggests that high levels of im-
mersion are more conducive to recovery than low levels of immersion.
Chirico et al. (2017) conducted a study aimed at exploring the effects of
VR immersive nature on physiological responses and subjective expe-
riences compared to 2D screen videos. The results unveiled that VR
immersive videos evoked a greater intensity of awe as well as a sense of
presence compared to traditional 2D screen videos (Chirico et al., 2017).
This is due to the fact that VR enhances the perception of vastness, and
the sense of physical space and engagement. Furthermore, a systematic
qualitative review found that realistic 3D views significantly affected
physiological relaxation more than 2D views (Abdullah et al., 2021).
This can be because 3D images can lower the concentration of oxyhe-
moglobin in the right prefrontal cortex and also reduces sympathetic
activity thereby causing relaxation Igarashi et al., 2014). Thus, it is
evident that natural environments with high levels of immersion can
effectively mimic the environmental characteristics required by actual
nature for stress and emotional recovery.

4.1.3. Data collection methods impact

The meta-analysis found no significant difference in stress levels
between the interventions in either the Baseline/blank data available
group and Post-test data available group conditions. The results support
the stress recovery theory and the biophilia hypothesis since stress
reduction levels were similar in response to both interventions regard-
less of the type of data collection. In addition, the heterogeneity of both
subgroups was moderate, so it can be concluded that the two data
collection methods chosen to include more literature are desirable.
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4.2. Limitations

A literature search provided comprehensive and practical evidence
as to whether digital nature can reproduce the stress response triggered
by actual nature. The effects of subjective/physiological indicators, level
of immersion, and method of data collection on stress were observed
through subgroup analyses, which will inform future research exploring
other differences between the two conditions. The quality of the article
and data reporting was generally transparent and reproducible with the
results of the OS evaluation process and meta-analysis.

There were some limitations to this study one of which was the
search methodology, where search for keywords related to stress rather
than terms related to specific research variables were used. In addition,
due to resource constraints, there was no specific search of the grey
literature, which would have been detrimental to reducing the uncer-
tainty associated with publication bias. In addition, the authors for three
additional articles did not provide the requested data implying that
there may be some breadth bias as well as some methodological flaws.
Although we used sensitivity analyses to improve robustness and con-
sistency, still uncertainty prevails about the overall impact of bias as
well as heterogeneity. Due to the small number of included studies
participants were not grouped based on intervention content (different
landscape types, e.g., water features, forests, etc.), duration of inter-
vention, and sensory type, and therefore could not produce more stock
and specific results. Lastly, the evaluation of publications found in the
literature for systematic reviews was done by two researchers instead of
three which is more appropriate.

4.3. Recommendations for future research

There is a need for more studies to integrate a wider variety of
physiological stress indicators (e.g., EEG, salivary cortisol, and urinary
epinephrine, among others) and subjective measures to further explore
the potential of digital versus actual nature in terms of recovery effects.
In addition, in terms of experimental design, there is a need for greater
and more randomized recruitment methods, which would improve
credibility and study quality. It is recommended to adopt blinding where
possible and use randomization methods to recruit participants from a
wider group to reduce the possibility of selection bias. Additionally, the
included interventions did not have repeated longer exposures, and it
still needs to be clarified whether prolonged virtual exposure would
produce positive results similar to those of actual nature.

Finally, it is encouraged for the researchers to provide richer digital
technologies to delve into the effects of different levels of immersion on
the reproduction of actual nature, as well as to explore in-depth and
explain the mechanisms of action of digital nature on mental health
benefits. One factor found in the review that requires special attention in
addition to PRESENCE and immersion being associated with psycho-
logical and physiological responses is the motion sickness that accom-
panies experiences with high levels of immersion (Chattha et al., 2020).
Researchers are encouraged to consider motion sickness as an inde-
pendent confounding factor when discussing the differences between
digital nature and actual nature.

5. Conclusion

This systematic review and meta-analysis demonstrated that expo-
sure to digital nature has the same stress levels as actual nature, vali-
dating and supporting current theories of stress recovery and the
biophilic hypothesis. However, for secondary targets, various subgroup
analyses revealed no significant differences in outcomes by the selected
confounders. The study found the dataset to be moderately heteroge-
neous and limited by a small sample size, which adds to the challenge of
presenting conclusions. There is a need for more researchers to discuss
further the similarities and differences in the results of different outcome
measures in alternative and actual environments. The study concluded
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that digital technology in the form of digital nature for recovery is
promising and the potential is higher for digital nature as it is a cost-
effective strategy for stress management.
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