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Accumulating evidence indicates that simulated natural settings can engage

mechanisms that promote health. Simulations offer alternatives to actual natural

settings for populations unable to travel outdoors safely; however, few studies have

contrasted the effects of simulations of natural settings to their actual outdoor

counterparts. We compared the impacts of simulated and actual natural settings on

positive and negative affect (mood) levels using a pooled sample of participants enrolled

in extant experimental studies. Relevant articles were identified from a review of research

published/in press by March 2020 and updated during the peer review of the current

study. Of 16 articles identified, 6 met the inclusion criteria and administered a single

cross-cutting, standardized instrument [the Positive and Negative Affect Schedule

(PANAS)] before and after exposure. Random effects meta-analysis of pooled effects

showed that positive affect increased in the actual settings but not in their simulated

counterparts (Hedge’s g = 0.87; 95% CI, 0.54, 1.20). We observed little difference in

effects on negative affect change scores (g = −0.28; 95% CI, −0.62, 0.06), with studies

generally showing reductions in negative affect in both settings. Further research with

additional populations, settings, antecedent conditions, and durations would provide a

more robust understanding of differences in effects between these two ways to enhance

mood by viewing nature.

Keywords: green space, virtual reality, emotion, mental health, environmental simulations, restorative

environments, systematic review

INTRODUCTION

Health benefits of visits to natural settings are unavailable for many people. Urbanities often do not
have ready access to public or private green space where they can recreate outdoors (Beyer et al.,
2018; Haydock and Moran, 2019). Hospital patients, nursing home residents, physically disabled
adults, and prison inmates spend even greater shares of their time indoors. Special circumstances,

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2020.02200
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2020.02200&domain=pdf&date_stamp=2020-09-30
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:mhb2@clemson.edu
https://doi.org/10.3389/fpsyg.2020.02200
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.02200/full


Browning et al. Actual vs. Simulated Nature Meta-Analysis

like the shelter-in-place orders issued during the 2020 COVID-
19 pandemic, may restrict access to outdoor settings even for
people who could otherwise enjoy them. Without access to
natural settings, people may forgo myriad health benefits—
from reduced mortality and diabetes rates to improved mental
and cardiovascular function (Hartig et al., 2014, 2020; Twohig-
Bennett and Jones, 2018).

Ample evidence suggests that nature simulations can, under
some conditions, support processes that promote health. More
than 100 experiments report that pictures, videos, or immersive
virtual environments with natural elements boosted mood,
enhanced executive cognitive functions, promoted physiological
stress recovery or reduced pain with little to no side effects
(Browning et al., 2020a). Yet, how and to what extent
simulations replicate the benefits of actual natural settings remain
essentially unknown. More knowledge in this regard would help
research and practice communities to better understand the
circumstances in which simulation-based interventions can and
cannot offer benefits like those described in the broader nature-
and-health field.

How might simulated natural settings yield benefits like
those found with exposure to actual nature? Examination of
the conceptual framework developed by a panel of experts
on the health benefits of nature exposure is helpful for
comparing the expected benefits from simulated and actual
settings (Markevych et al., 2017). This framework explains
three sets (domains) of pathways that explain the health
benefits of natural settings, including reducing harm (the
“mitigation” domain), restoring capacities (the “restoration”
domain), and building capacities (the “instoration” domain).
Both actual and simulated settings can support the renewal
of depleted adaptive resources, as through stress recovery and
directed attention restoration (pathways within the restoration
domain). Other mechanisms may be less likely to be activated
in simulations, including reducing air and noise pollution
(mitigation pathways) and promoting physical activity and social
contacts (instoration pathways) (see Figure 1). Simulations could
activate mitigation and instoration pathways if theymasked noise
in loud environments (e.g., hemodialysis centers; Burrows et al.,
2020), accompanied vigorous walking on treadmills or cycling
on stationary trainers (Howard, 2017; Birenboim et al., 2019), or
supported interactions betweenmultiple users (White et al., 2018;
Riva et al., 2020). However, the vast majority of simulations today
offer passive single-person experiences with only audio input,
only visual input, or a combination of the two (LaValle, 2017).
They, therefore, presumably work primarily through restoration
pathways, with restoration broadly conceived to include recovery
from boredom and understimulation as well as from efforts
to meet excessive demands (Ulrich, 1983; Frankenhaeuser and
Johansson, 1986).

To our knowledge, only two reviews have examined the
effects of simulated vs. actual exposure to nature, but their
conclusions on this topic are limited (McMahan and Estes,
2015; Lahart et al., 2019). Few of the included experiments
directly compared the effects of viewing the exact same setting
in both a simulation and outdoors. Presenting the same setting in
both experimental conditions (actual and simulated) strengthens

the internal validity of results, in that differences in outcomes
between conditions cannot be attributed to differences between
the settings presented (Rossetti and Hurtubia, 2020).

Here, we employed a meta-analytical approach to compare
the effects of actual and simulated natural settings on human
health/well-being. Because this approach was applied to an
emerging topic (Browning et al., 2020a), we conducted a review
that included the greatest number of studies possible despite the
likelihood that the number of eligible studies would be small.
Accordingly, we aimed to provide a benchmark for the current
state of evidence upon which future research can build, together
with an initial framing of the research problem and articulation
of relevant methodological issues.

METHODS

Study Protocol
This meta-analysis originated from a systematic review
conducted by some of the coauthors here, which is described
elsewhere (Browning et al., 2020a). The review and this meta-
analysis followed the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) guidelines (Moher et al.,
2009).

Conducting Study Protocol and Search
Strategy
We identified the bulk of relevant papers by consulting the results
of the former large systematic review by Browning et al. (2020a),
in which the authors conducted an extensive keyword search
in Scopus, PubMed, and Web of Science for articles that were
published or in press by January, 2019 and that referenced natural
settings and simulations in their titles, abstracts, or keywords
(see Table S1 for list of keywords). Articles were included in
that review if they met the following criteria: (A) participants
had been exposed to at least one simulated natural setting,
such as a photograph, slideshow, video, or immersive virtual
environment (i.e., 360◦ video or computer-generated three-
dimensional environment); (B) researchers measured at least
one human health or cognitive performance outcome; and (C)
researchers compared the results of different treatments using
inferential statistics.

We then followed the methods from another meta-analysis
on the effects of environmental exposure on human health to
select which health/well-being outcome measure(s) to analyze
(Radke et al., 2020). For selection, an outcome should show
sensitivity to short-term exposure to natural settings that over
time could cumulatively affect health in lasting ways. It should
also indicate changes that could follow from either type of
exposure (actual or simulated) and which would reflect the
operation of any of the multiple pathways that could become
engaged (instoration, restoration, and mitigation). Positive and
negative affect (mood) met these criteria and were chosen
to analyze. Stress reduction/buffering also met these criteria
but were measured with disparate measures in the former
systematic review, including self-report measures or indices
and physiological measures, making meta-analyses not possible.
Our selection of outcome (mood) also built on findings of the
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FIGURE 1 | Actual natural settings may activate more pathway domains that promote beneficial health effects than do simulated natural settings. Model adapted from

Markevych et al. (2017).

only review that examined the topic of exposure to simulated
vs. actual nature and was published before the current study
began (McMahan and Estes, 2015)1. All aspects of mood
were considered—including affective arousal and valence or
combinations of these—as long as attributes were measured
with standardized self-report instruments with demonstrated
construct validity, criterion validity, reliability, and sensitivity to
change (Coste et al., 1997).

Next, we narrowed the sample of articles identified in the
review by Browning et al. (2020a) to those that might be used
to address our specific objectives. Three inclusion criteria were
added: (A) researchers reported changes in mood before and
after exposure to at least one simulated natural landscape using
a standardized measure; (B) researchers employed a simulation
of a natural setting that was the same—or very similar—to the
actual setting used in the same study; and (C) exposures to the
simulated and actual settings had similar durations.

To ensure that our results were comprehensive and up to date,
we reviewed several other sources of data and published articles.
First, we sought unpublished datasets to identify and overcome
publication bias and increase the precision of our reported meta-
effects (Dickersin et al., 1994; Card, 2015). Unpublished data

1A systematic review on all health effects associated with outdoor “green” exercise

versus indoor exercise with simulations of natural settings was published after the

current study began (Lahart et al., 2019).

were solicited with postings on five prominent scientific and
professional listservs and emails to colleagues of the coauthors of
the current study. Second, we included a supplemental keyword
search for dissertations and theses using ProQuest. These types
of reports can contain valuable data on emerging areas of
research (Card, 2015). Third, we examined the citations of
two narrative reviews. One considered the health benefits of
simulated natural settings in virtual reality (White et al., 2018).
The other reviewed experiments that tested the transferability of
findings from laboratory simulation studies to actual in situ field
studies (Rossetti and Hurtubia, 2020).

Extracting Data
Article identification and data extraction were independently
performed by two of the study authors. Disagreements were
resolved through discussion among three members of the
research team attending to data extraction. The interrater
reliability was 100% agreement (k = 1.0) (Belur et al., 2018).
Codes for article inclusion/exclusion and data from included
articles were entered into a standard data extraction spreadsheet
in Microsoft Excel for Mac (Redmond, WA, USA). Variables
extracted are covered in the next section.

Analyzing Data
We compared mood changes using standardized mean difference
scores (Higgins and Green, 2011b; Card, 2015). These scores

Frontiers in Psychology | www.frontiersin.org 3 September 2020 | Volume 11 | Article 2200

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Browning et al. Actual vs. Simulated Nature Meta-Analysis

were calculated using the mean difference divided by the
standard deviation (Higgins and Green, 2011b). Mean difference
scores were calculated as the mean change (postexposure mean
minus the preexposure mean) for the actual setting minus the
mean change for the simulated setting. The standard deviations
were calculated using the formula provided in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins and
Green, 2011b):

SDChange

=

√

SD2
Baseline

+ SD2
Final

− (2× Corr × SDBaseline × SDFinal)

Here, SDChange is the standard deviation of the change in one
of the experimental conditions (actual or simulated nature).
SDBaseline is the standard deviation of the prescore, and SDFinal

is the standard deviation of the postscore. Corr is the correlation
between the pre- and postscores.

We pooled the data and estimated an overall effect size
using a random-effects model fitted with maximum-likelihood
estimation to capture both the sampling error and the between-
study variability. As a sensitivity analysis, we also employed the
inverse variance heterogeneity model (IVhet), which is believed
to yield more conservative effect estimates (Doi et al., 2017).
The mean effect was expressed as a standardized Hedge’s g,
which is a less biased measure than Cohen’s d for the small
number of samples that we expected in this emerging research
topic (Rosenthal, 2009; Card, 2015). Values below 0.2 represent
a small effect size, below 0.5 represent a medium effect size,
and values above 0.8 represent a large effect size (Hedges
and Olkin, 2014). As a sensitivity analysis, we used the leave-
one-out method to check the robustness of the pooled effect
estimate after excluding the estimate from any given study
(Dzhambov and Lercher, 2019).

Heterogeneity between study effect sizes was tested using
Cochran’s Q statistic and evaluated using the I2 statistic (Higgins
and Green, 2011b). A significant Q statistic indicates that there
is substantial heterogeneity between studies, and the I2 statistic
helps interpret the proportion of overall variability that can be
attributed to between-study heterogeneity. Values for I2 below 30
indicate that little total variability is attributable to between-study
heterogeneity; values between 30 and 60 represent moderate
levels of heterogeneity; and from 60 to 100, substantial levels
(Higgins and Green, 2011a).

Detecting Publication Bias
We employed the Doi plot for detection of publication bias
(Furuya-Kanamori et al., 2018). Doi plots are variants of the
normal quintile vs. effect plot—the former plots a rank-based
measure of precision (Z score) instead of the standard error
against effect size. Plot asymmetry was quantified with the Luis
Furuya-Kanamori (LFK) index (Furuya-Kanamori et al., 2018,
2020). A symmetrical, mountain-like Doi plot and an LFK index
<|1| indicate no asymmetry. An LFK index between |1| and |2|
indicates minor asymmetry, and an LFK index >|2| indicates
major asymmetry (Furuya-Kanamori et al., 2018).

Evaluating Quality of Evidence
Our approach to evaluating methodological biases addressed
the relevant domains in the Cochrane Collaboration’s tool for
assessing risk of bias in intervention studies (Higgins et al.,
2011). These included random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, reporting bias,
and other biases (see Table S2 for details). Each article received
one of three scores for each domain: (1) low risk, which describes
bias(es) that would be unlikely to alter the results seriously; (2)
unclear risk, which describes bias(es) that raise some doubt about
the results; or (3) high risk, which describes bias(es) thatmay alter
the results seriously.

After bias evaluation, the quality of evidence across studies
was synthesized to determine the strength of evidence for
mood differences between actual and simulated natural
settings. We employed a method that was adapted to the
framework developed by Radke et al. (2020), which in turn was
informed by the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) approach (Balshem
et al., 2011). Radke et al. (2020) examined six attributes
of associations between environmental exposure data and
health outcomes that could be used to support causation:
consistency, exposure–response relationships, strength of
association, temporal relationship, biological plausibility, and
coherence. Here, we considered only experimental studies
with pretest–posttest designs and, therefore, selected only
those additional attributes relevant to the current meta-
analysis: consistency (similarity of results across studies) and
strength of association (effect magnitude and precision of
reported results).

After considering these attributes, the strength of evidence for
the difference between each mood outcome under consideration
was assigned a score of Robust, Moderate, Slight, Indeterminate,
or Compelling evidence for no effect. The highest two categories
describe evidence that strongly supports a difference in mood
change between exposures. These two are differentiated by
the quantity and quality of information available to rule out
alternative explanations for the results. Themiddle two categories
describe evidence for which uncertainties prevent drawing a
conclusion in either direction. These categories are limited
by low numbers of studies or substantial heterogeneity across
studies. The final category describe a situation where several high
confidence studies show null results.

Software
Data analyses were conducted in R version 3.6.1 (Vienna,
Austria). Effect size calculations, meta-analysis, and publication
bias tests were conducted using the “metaphor” package
version 2.1-0 (Viechtbauer, 2010). The IVhet meta-analysis and
publication bias tests were conducted in MetaXL v. 5.3 (EpiGear
International Pty Ltd, Sunrise Beach, Queensland, Australia).

RESULTS

Study Selection
Twelve articles identified in the systematic review by Browning
et al. (2020a) were relevant. Three more were identified through
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listserv postings, contact with colleagues, dissertation searches,
and narrative reviews. One more was identified while the current
study was in peer review. Of these 16 relevant studies, one was
excluded because they varied the duration of treatments between
actual and simulated conditions (Ryan et al., 2010). Seven were
excluded because they did not use standardized measures of
mood and/or were not designed to assess change in affect across
a defined exposure (Hartig et al., 1997; Kahn et al., 2008; Huang,
2009; Mayer et al., 2009; Kjellgren and Buhrkall, 2010; Lassonde
et al., 2012; Yin et al., 2018). Two more were excluded because
they would have introduced substantial heterogeneity in models;
one study used a unique mood measurement that contrasted
with the bulk of the other included articles (Gatersleben and
Andrews, 2013), and the other (Plante et al., 2006) measured
an entirely different dimension of mood: activation rather than
valence (Kensinger and Corkin, 2004).

Our final sample consisted of six studies (Brooks et al.,
2017; Calogiuri et al., 2018; Olafsdottir et al., 2018; Chirico and
Gaggioli, 2019; Browning et al., 2020b; Nukarinen et al., 2020).
All included studies used the same cross-cutting measure of
mood—the Positive and Negative Affect Schedule (PANAS)—
to measure changes in negative and positive affect levels. See
Figure 2 for an overview of the process by which articles were
identified and considered for inclusion.

Study Characteristics
Table 1 shows the sample, study design, and simulation
characteristics of the articles included in the meta-analysis.
Samples consisted primarily of young adults with a pooled age
of 24, weighted by sample size (standard deviation, 2.3). All
studies were conducted in Global North countries and used
relatively small sample sizes (24–82). Computer monitors were
used in two studies, and head-mounted displays (HMDs) were
used in four studies. HMDs can be used to project 360-videos
of actual natural settings captured with fish-eye lenses cameras
or computer-generated virtual environments (for a review of
both techniques, see Browning et al., 2020c; Joseph et al., 2020).
No study attempted to induce acute stress or attentional fatigue
before the environmental exposure so that effects could more
readily be understood as restorative. One of the HMD studies
reported that 19 of 26 participants experienced cybersickness
(Calogiuri et al., 2018). Cybersickness involves symptoms similar
to those of motion sickness that can be caused either by vestibular
stimulation (physical movement) or visual stimulation (observed
movement) in HMDs (LaViola, 2000). Symptoms may include
eye strain, headache, pallor, sweating, dryness of the mouth,
fullness of the stomach, disorientation, vertigo, ataxia (lack
of coordination), nausea, vomiting, dizziness, salivation, and
burping (LaViola, 2000; Davis et al., 2014). No adverse effects
were reported in other simulations.

Synthesized Findings
We found a large difference between the positive affect change
scores for the different settings (g = 0.87, z = 5.16, p <

0.001, 95% CI = 0.54, 1.20, see Figure 3). More specifically,
the actual setting promoted beneficial changes in positive affect
much more than the simulated setting. Little difference between

setting types was observed for the negative affect change scores
(g = −0.28, z = –1.62, p = 0.10, 95% CI = −0.62, 0.06, see
Figure 4). The differences in change scores for the simulated
and actual settings are provided for each experiment in Table S3.
One can see there that, for positive affect, a difference in
change scores typically shows increases from actual settings and
decreases from simulated settings; that is, it appears that the
simulated settings tended to reduce feeling attentive, active, alert,
excited, enthusiastic, determined, inspired, proud, interested,
and/or strong, while actual settings had the opposite effect. In
contrast, both settings tended to show decreases in negative
affect including feeling afraid, ashamed, distressed, guilty, hostile,
irritable, jittery, nervous, scared, and/or upset. Removal of any
single study did not change the conclusions; differences in effects
between actual and natural settings for positive affect remained
statistically significant and effect sizes remained large, and
differences in effects for negative affect remained marginal/non-
significant (see Table S4). Change scores showed moderate
heterogeneity for negative affect [Q(5) = 12.2, p = 0.033, I2 =

50.7%, T2 = 0.09] and positive affect [Q(5) = 11.0, p = 0.052,
I2 = 44.7%, T2= 0.07].

Publication Bias
Doi plots showed symmetric spread of effect sizes against
Z scores, suggesting no substantive publication bias (see
Figure S1). This conclusion was supported by the LFK index of
0.55 for positive affect and−1.23 for negative affect.

Quality of Evidence
Nearly all studies suffered from potential biases; none reported
blinding participants/personnel to conditions and blinding
participants to outcome assessments. However, when viewed
more holistically, two studies showed low risk of bias across
the majority of bias domains (see Figure S2). The remaining
four studies showed unclear/high risk of bias in the majority of
bias domains.

The evidence for more beneficial change in positive affect for
actual vs. simulated natural settings wasModerate. Positive affect
results showed high consistency and strength of associations;
however, there were too few studies and too much heterogeneity
to classify the evidence as Robust. In contrast, the evidence for
differences in negative affect was deemed to be Slight due to low
consistency and strength of associations.

DISCUSSION

Summary and Interpretation of Main
Findings
Simulations of natural settings are increasingly used for health
promotion in scenarios where physical exposure is not possible
(White et al., 2018). Several years ago, McMahan and Estes (2015)
found indirect evidence that the effects of simulated natural
settings on mood were smaller than the effects of actual natural
settings on mood. The current meta-analysis extends their work
by limiting our assessment to studies that directly compared the
same (or very similar) settings. We identified 16 studies that have
examined this topic but only 6 that have used a cross-cutting,
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FIGURE 2 | A flowchart of the process by which experiments were selected for inclusion in the systematic review by Browning et al. (2020a) as well as the current

meta-analysis.

standardized measure of mood before and after exposure. Pooled
change scores showed a large difference between the effects of
actual vs. simulated settings on positive affect. There was little

difference between settings for negative affect. Although more
research is needed in this emerging line of research, the available
data indicate that going outdoors into natural settings is likely
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TABLE 1 | Characteristics of studies that met the inclusion criteria of the review.

References N Age

(M)

Female

(%)

Country Simulation experience Simulation

duration (min)

Natural setting

Brooks et al.

(2017), study 3

47 22 81 Canada Sitting and watching pictures on computer

screen

10 Relatively open landscapes during winter

conditions covered with snow and blue skies

with evergreen trees in the foreground and low

mountains in the background (see p. 97 and

Figure 2 in that article)

Calogiuri et al.

(2018)a
26 26 46 Norway Walking on treadmill and watching moving

360◦ video in an HMD

10 Paved trail along lake with brown grass and

trees without leaves and partly cloudy blue

skies (see pp. 4–5 and Figure 2 in that article)

Olafsdottir

et al. (2018)a
67 24 69 Iceland Walking on treadmill and watching moving

video shown on television screen

40 Trail through forest dominated by evergreen

trees with intermittent views of open natural

landscapes including green spaces,

moss-covered lava fields, and mountains (see

pp. 7–8 and Figure 2 in that article)

Chirico and

Gaggioli (2019)

50 24 50 Italy Sitting and watching stationary 360◦ video

in an HMD

5 Panoramic overlook of scenic lake with

mountains (see p. 2 in that article)

Nukarinen

et al. (2020)a
24 26 54 Finland Sitting and watching stationary 360◦ video

in an HMD

10 Forest on edge of lake (see p. 3 in that article)

Browning et al.

(2020b)

82 20 48 United States Sitting and watching stationary 360◦ video

in an HMD

6 Moderately dense forest with deciduous trees

with small bluff overlooking stream (see p. 13 in

that article)

aThree experimental conditions were tested in these studies. We included the effect estimates from the simulated condition that most closely resembled the actual nature condition.

HMD, head-mounted display.

FIGURE 3 | Forest plot of standardized mean difference positive affect change scores between the actual and simulated natural settings. Points indicate the

estimated effect for each study with variance estimates indicated by the size of the point and width of the error bars. Scores above 0 indicate greater increase in

positive affect in the actual natural setting.

better at supporting mood than remaining indoors in simulated
natural settings.

Our central finding—that actual natural settings benefit mood
more than simulated natural settings—reflect on the different
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FIGURE 4 | Forest plot of standardized mean difference negative affect change scores between the actual and simulated natural settings. Points indicate the

estimated effect for each study with variance estimates indicated by the size of the point and width of the error bars. Scores below 0 indicate greater reduction in

negative affect in the actual natural setting.

potential of the two settings to activate pathways that with
repeated exposures can cumulatively benefit health. A person
who goes outdoors into an actual natural setting can potentially
activate pathways to health in three domains: reducing
exposure to harmful anthropogenic features of the environment
(mitigation), building capacities (instoration), and renewing
depleted capacities (restoration) (see Figure 1) (Markevych et al.,
2017). Enhancedmoodmay be an active component of a pathway
or a concomitant of its operation. The mitigation domain
encompasses pathways by which vegetation and other features
of a natural setting offer protection from air pollution, noise,
heat, visual blight, privacy intrusions, and other harmful features
of urban environments in which they might otherwise spend
time, during leisure or otherwise (Gopalakrishnan et al., 2019).
The instoration domain includes pathways in which natural
settings serve as a context for health-promoting behaviors, such
as physical activity, social interaction, and exposure to microbial
diversity (Dobetsberger and Buchbauer, 2011; Rook et al., 2014;
Łaszewska et al., 2018), which in turn modify neurochemical
pathways in the gut and brain that appear to stabilize mood
(Clarke et al., 2013). The restoration domain includes pathways
by which nature experience can promote the renewal of depleted
adaptive resources, as through stress recovery and directed
attention restoration (Ulrich, 1983; Kaplan, 1995). In the context
of nature experience in an actual outdoor setting, pathways in
any one domain may become engaged to a greater degree, as
when sensory richness and opportunities for exploration sustain
engagement with the environment and so a restorative process.

In addition, pathways in all three domains may work in mutually
reinforcing ways that cannot get realized with simulations (e.g.,
as when neighbors enjoy their social contact and fresh air when
walking together in a nearby park to wind down after a difficult
day at work) (Hartig et al., 2014). For these reasons, the benefits
of an actual natural setting can be expected to extend beyond the
benefits available when only pathways associated with auditory
and visual sensory inputs get activated to a lesser degree by
simulation technologies (Horiuchi et al., 2014).

The studies we identified in our literature review but
excluded from the meta-analysis showed similar findings as our
pooled effects—at least for affective valence—which reinforces
confidence in our conclusions. Three studies that compared
actual nature with its virtual counterpart but were excluded for
various reasons (see Methods) also showed stronger mood effects
for actual nature than for simulated nature (Hartig et al., 1997;
Mayer et al., 2009; Ryan et al., 2010). Findings from other studies
that examined differences in affective arousal (i.e., energy and
vigor) between actual and simulated natural settings were mixed.
One found stronger beneficial effects for actual nature than for
simulated nature (Kjellgren and Buhrkall, 2010), but two others
showed similar effects between these two types of exposures
(Plante et al., 2006; Yin et al., 2018). Collectively, these excluded
studies point to our findings with PANAS extending to other
measures of mood.

These findings provide evidence for public health messaging
that encourages people to go outdoors into natural settings rather
than stay indoors, even if simulations of natural settings are
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utilized. There are other important outcomes of encouraging
people to visit actual natural settings of course. Living vegetation
and other features provide myriad ecosystem services beyond the
cultural domain that encompasses human health and well-being,
such as provisioning of food and clean water (Bratman et al.,
2019; Keeler et al., 2019), which can be better realized by local
residents if a connection with these settings is built over repeated
visitation (Richardson et al., 2016; Colléony et al., 2019; Rosa and
Collado, 2019). Finally, ethical sensibilities could encourage the
protection of the possibility for other forms of life to develop and
thrive, entirely aside from their utility to humans (Leopold, 1949;
Hartig, 1993).

However, access to actual natural settings is often not available
for shorter and longer periods to many who could benefit
from it. Should simulations then be offered as an alternative
going outdoors into natural settings? The results we report here
encourage caution in this regard; they show that positive affect
declined while viewing most of the simulations. This stands
in contrast to much other research and encourages questions
about differences between the simulations and other methods
of the experiments studied here and those used in experiments
that found beneficial outcomes. These matters need focused
research attention, as the potential for therapeutic applications
is great (White et al., 2018). Nevertheless, in contexts such as
hospitals and prisons and with social distancing as during the
COVID-19 pandemic, simulations may offer the only options
for experiencing nature. Indeed, simulations may be safer
therapeutic modalities than going outdoors and risking allergies,
infectious disease, and accidental injury (Jennings et al., 2019).
Simulations also provide the clinician with greater control than
they would have with other nature-based therapies, such as forest
bathing and park prescriptions, which are challenged by low
levels of patience adherence and high levels of heterogeneity
regarding the “treatment” patients receive (Kamioka et al.,
2012; Crnic and Kondo, 2019). Lastly, simulations are practical;
they can be safely and quickly moved from one person or
group to another or shared at little/no cost through online
streaming. Specific contexts where simulated natural settings
may be particularly valuable were recently reviewed by Litleskare
et al. (2020) and include palliative treatment in clinical settings,
stress management in the workplace, mental health and cognitive
development in school settings, and nature experiences for space
missions. Personnel in other confined situations such as those
found in submarines, Arctic and Antarctic polar bases, and
medical imaging equipment like MRIs or CAT scans might also
benefit from simulations (Anderson et al., 2017).

Strengths, Limitations, and Future
Research Recommendations
The modest number of included studies meant limited
representation of natural settings. It also limited our statistical
power. Our marginal result for negative affect could have resulted
from the high levels of between-study variation. To overcome
the low power of classic publication bias tests, we employed
a novel method heralded in recent years as a more powerful
alternative (Furuya-Kanamori et al., 2018). However, with just six

studies, power for these tests was still on the low end; thus, there
could still have been publication bias in the studies identified
above. Additional studies that directly compare mood effects
between actual and simulated nature would provide more robust
meta-analytic findings as a result of lower levels of heterogeneity.

The sample size was in part a result of our least common
denominator research design approach. We included studies
with only pre- and post-condition measures of PANAS.
Like all studies, meta-analyses require a degree of researcher
decision-making that can influence the results. We chose our
inclusion/exclusion criteria because, based on our critical review,
it allowed the greatest number of effects from experimental
studies to pool together. It is worthwhile to investigate whether
the employment of meta-analytic approaches could result in
pooled effects that diverge from what a larger (less restricted)
body of literature generally shows. Therefore, there is value in
examination by other researchers of the effects of actual vs.
simulated nature not only on other dimensions of mood but also
on human health/well-being more generally.

The circumstances under which simulations can reliably
engender desired beneficial outcomes warrant further research.
Needed studies would address not only the features of the
simulations (e.g., sampling of environmental features, quality
of representation of the actual environment, and degree of
immersion) and the features of the context in which they get
presented (e.g., activity and duration) but also the circumstances
and needs of those who would view them vs. entering an actual
setting. For example, none of the experiments we reviewed had
a stress or mental fatigue induction prior to the environmental
treatment. This lack of a need to renew depleted resources may
have led those participants to dislike their simulation experience
rather than enjoy it as a restorative respite. Similarly, some
populations, such as prisoners, may find that simulations only
remind them of constraints they cannot escape; they may resent
the simulations rather than appreciate them (Moran, 2019).

Further research on the relative benefits of simulated and
actual nature should also employ stronger study designs. When
possible, blinding to comparisons may help. Actual exposure as
studied here generally requires that people travel to a natural
setting. These pretreatment exposures could have initiated
activation of pathways that primed participants to respond
to natural settings differently. Such effects would have been
difficult to replicate for the simulation conditions without also
providing the participant with exposure to actual settings,
thereby combining portions of exposure types. One method that
was developed by Chirico and Gaggioli (2019) and that helps
overcome this potential bias is to bring all participants to an
outdoor location and then ask them to take part in their assigned
condition: donning a head-mounted display or focusing on the
actual setting before them, for example. Of course, participants
ultimately understood that they were watching a simulation—
not observing the actual landscape outdoors—when the headset
was turned on. Reducing bias, therefore, may be only partially
solved in studies that compare simulated and actual natural
settings through between-subjects experimental design in which
participants are blinded to the conditions other participants
are assigned.
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Our study also had several strengths; most notably, our meta-
analytic approach allowed us to calculate the effect size describing
mood changes in ways that other approaches (i.e., narrative
and systematic reviews) would not have been able to do. In
addition, the chosen outcomes—negative and positive affect—
are sensitive to the operation of multiple pathways by which
nature exposures and experiences can influence health, and they
showed more consistent effects following short-term exposure to
physical natural settings than other intermediate psychological or
physiological outcomes that cumulatively over time affect health
in lasting ways (McMahan and Estes, 2015; Kondo et al., 2018).
Moreover, positive change in mood is a prevalent outcome of
diverse leisure activities, valuable in its own right and for the
persistent influence it exerts on postleisure behavioral processes
of relevance to adaptive functioning and health (Hull, 2018).
Presumably, then, just as mood levels change more strongly in
actual nature, diverse other outcomes are likely better realized by
going outdoors.

CONCLUSION

In closing, we recognize the promise of simulation technology
and currently participate in its further development, for example
as a means to represent alternative future environments that
would result from different planning choices (Lindal and Hartig,
2013, 2015; Joseph et al., 2020). However, we think that decision-
makers and the publics they serve should appreciate the limits of
simulations identified here and avoid assuming they can simply
substitute for the real thing.
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