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Abstract

In recent decades, there has been an increasing volume of research aimed out

quantifying the extent to which the natural environment can assist in restoring

mental, emotional, and physical well-being. It is commonly assumed that natural

environments are more restorative than urban environments. However, studies

addressing this issue use a variety of methods for data collection making it difficult

to compare the findings of different studies. The research reported here uses a

meta-analysis aimed at estimating how much natural environments are perceived

as being more restorative than urban environments. We investigated the role

of moderator variables such as research design, kind of natural environment, partic-

ipants, measurement instruments used or the context in which the data were

collected. PsycINFO, PsycARTICLES, Scopus, SpringerLINK, Web of Science online

databases were used to identity all peer-review articles on restorativeness published
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to date (k¼ 167). Reference sections of obtained papers were examined for addi-

tional studies. Only 22 studies met inclusion criteria (direct exposure to environ-

ment, comparison between one outdoor environment with natural element and one

without natural element, and restorativeness measured by self-report scale) and

were included in meta-analysis. Results show that natural environments are per-

ceived to be more restorative than urban environments (Cohen’s d (confidence

interval)¼ 1.99 (1.38–2.61)). Significant heterogeneity between the study was

found (Q(19)¼ 503.16, p< .001) and variability within studies was very high

(I2¼ 97%). However, subsequent univariate moderator analyses were not significant.

Other methodological differences (e.g., lighting conditions) could explain this vari-

ability. We concluded that the variability in studies is more likely to be due to

individual differences (e.g., age, connections to nature, and environmental attitude)

than the methodological differences.

Keywords

Meta-analysis, nature environment, urban environment, restorativeness, environ-

mental psychology

Introduction

Restorative environments, that is, environments that facilitate the recovery of

resources (biological, cognitive, psychological, and social) in an individual

(Hartig, 2004), have become an important research field in environmental psy-

chology (Staats, 2012). An increasing number of studies from different areas

(e.g., environmental psychology, consumer psychology, health psychology,

organizational psychology, and sports psychology) indicate that exposure to

natural environments can influence people’s well-being (e.g., Berto, 2014;

Bodin & Hartig, 2003; Bowler, Buyung-Ali, Knight, & Pullin, 2010; Hartig,

Mitchell, de Vries, & Frumkin, 2014; Mitchell, 2013; Mitchell & Popham,

2008). In the past 30 years, empirical research has been driven by two main

theories proposed to explain why human beings benefit from exposure to certain

types of environments: the stress recovery theory (SRT; Ulrich, 1983; Ulrich

et al., 1991) and the attention restoration theory (ART; Kaplan, 1995; Kaplan &

Kaplan, 1989). The SRT (or psycho-evolutionary theory) focuses on the imme-

diate and unconscious emotional response elicited by an environment (Korpela,

Klemettil€a, & Hietanen, 2002). It suggests that contact with nature can promote

mild to moderate feelings of interest, calm, and pleasantness (Hartig et al., 2011)

and, consequently, allow recovery from a stress condition (Ulrich, 1979).

The empirical support to Ulrich’s theory was recently strengthened by a meta-

analysis (McMahan & Estes, 2015) of the effect of contact with natural
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environments on positive affect and negative affect. As expected, exposure to
nature was positively correlated with positive emotions (r¼ .31) and negatively
correlated with negative emotions (r¼ –.12; McMahan & Estes, 2015).

The ART focuses on cognitive responses and suggests that contact with
nature allows people to restore resources consumed in facilitating directed (vol-
untary) attention and, consequently, to recover from a situation of cognitive
fatigue (Kaplan, 1995). This theory assumes that the ability to direct voluntary
attention decreases with use, as it requires an effort to inhibit distractions.

Being in a situation that does not require voluntary attention reduces the
effect of the inhibitory mechanism thus freeing mental resources (Staats, 2012).
According to the literature (e.g., Kaplan, 1995; Korpela & Hartig, 1996; Pasini,
Berto, Brondino, Hall, & Ortner, 2014), a number of characteristics of an envi-
ronment have been shown to promote the quality of restoration in individuals.
These are the following:

• Fascination, a term that refers to the way an environment might attract the
involuntary attention of an individual;

• being away, a term that refers to the extent to which an environment causes a
person to fell freed from everyday cares and obligations;

• extent, a quality that comprise two elements: (1) coherence that refers to
whether an environment is perceived as structured or not and (2) scope
that refers to the way an environment affords opportunities for exploration;

• compatibility that refers to the correspondence between the expectations of a
person and the observed qualities of the environment.

The restorativeness of an environment, or its ability to restore cognitive resour-
ces, can be investigated not only directly, through physiological (e.g., Chen, He, &
Yu, 2016; Tang et al., 2017) or behavioral measures (e.g., Berto, 2005; Lin, Tsai,
Sullivan, Chang, & Chang, 2014), but also indirectly, through self-report meas-
ures. The latter assess the perceived restorativeness of an environment (e.g.,
Berto, 2014; Hartig, Korpela, Evans, & G€arling, 1997; Pasini et al., 2014). That
is the estimation of the restorative potential of the environments (Staats, 2012).
Whereby people are asked to evaluate the five restorative qualities of given envi-
ronments based on the assumption that the meta-cognitive abilities of individuals
allow them to understand their cognitive processes and to estimate how they are
influenced by different environments (Pearson & Craig, 2014).

A recent systematic review (Ohly et al., 2016) focusing on ART confirmed the
positive effect of exposure to natural environments on attention performance.

However, ART and SRT theories are not mutually exclusive, and both are
based on the concept of biophilia (Wilson, 1984). Human beings, it is argued,
would have developed an innate tendency to focus on living things and thus to
affiliate with nature (Berto, Barbiero, Barbiero, & Senes, 2018). The natural
environment would exhibit characteristics (e.g., vegetation, water, and caves)

Menardo et al. 3



or qualities (e.g., spatial configuration such as smooth ground texture or trees
that help define the depth of the scene) which, during evolution, proved to be
favorable for survival and which could explain why humans obtain affective and
cognitive benefits from natural environments (Berto, 2014; Kaplan & Kaplan,
1989; Wilson, 1984). For example, the spatial configuration of a forest or savan-
nah can make these natural environments favorable for survival because imme-
diate information is available to judge where one can explore safely and what
might occur in particular context (Kaplan & Kaplan, 1989).

In sum, many empirical studies suggest that nature is the most potent restor-
ative environment with respect to both affective and cognitive domains.
However, as highlighted in some reviews and meta-analysis (Berto, 2014;
Hartig et al., 2014; McMahan & Estes, 2015; Ohly et al., 2016), there is sub-
stantial diversity across studies, in terms of method and study design that makes
it difficult to compare studies and draw conclusions.

For example, the effect of environmental exposure on positive emotion seems
to be stronger in real environments than laboratory simulations, whereas no
difference was found between manicured and wild nature (McMahan & Estes,
2015). Moreover, the observed difference in people’s emotions and cognitive
ability after exposure to different environments (nature vs. urban) could be
biased by the measurement instruments used. Indeed, the estimated effect of
exposure to nature on mood and cognitive ability is higher in studies using
positive and negative affect schedule (PANAS) or the trail making test versus
Zuckerman Inventory of Personal Reactions (ZIPERS) or Sustained Attention
to Response Test (SART) (for details see McMahan & Estes, 2015; Ohly et al.,
2016).

Some studies suggested that “water” environments (i.e., lake, seaside, and
river) and wild nature are perceived as more restorative than “no water” (i.e.,
mountains and forest) environment or urban nature, respectively (e.g., Carrus
et al., 2015; Laumann, G€arling, & Stormark, 2001; McAllister, Bhullar, &
Schutte, 2017; Tang et al., 2017; Tyrv€ainen et al., 2014).

Given that perceived restorativeness is a concept now widely used in the
literature (Staats, 2012), we suggest that a meta-analysis to summarize this lit-
erature could be useful. Moreover, through moderator analysis it should be
possible to investigate whether methodological differences could explain the
variability in findings across studies.

Overview of the Meta-analysis

The main aim of this study was to estimate the effect size and direction of the
difference between the perceived restorativeness in natural and urban environ-
ments. Based on the literature (e.g., Berto, 2014; Hartig, Korpela, Evans, &
G€arling, 1997), we expected that exposure to natural environments was associ-
ated with a greater perception of restorative quality than exposure to urban
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environments. Since meta-analysis also allows for the study of moderator var-
iables that could explain the variability between studies, the second objective of
this study was to test whether differences in research design or method can
explain the differences in effect size observed between studies. Such information
could be useful for highlighting possible systematic bias due to the methods used
in estimating the effect of exposure to nature on people’s cognitive resources.

Specifically, in this study, we considered the following potential moderator
variables:

1. Research design. Studies investigating the perceived restorativeness of envi-
ronments have been conducted using both between-subject (e.g., Korpela,
2013; Wilkie & Clouston, 2015) and within-subject designs (e.g.,
Stigsdotter, Corazon, Sidenius, Kristiansen, & Grahn, 2017; Tyrv€ainen
et al., 2014). Given that within-subject studies tend to have higher effect
sizes, we first checked whether research design is responsible for the variabil-
ity between studies of the estimated effect size.

2. Exposure to test environments. Most of the research was conducted in the
laboratory using photos (e.g., Wilkie & Stavridou, 2013), videos (e.g., Wang,
Rodiek, Wu, Chen, & Li, 2016), or virtual reality devices (e.g., Schutte,
Bhullar, Stilinovi�c, & Richardson, 2017) based on the implicit assumption
that exposure to simulated environments produces the same effects as expo-
sure to real environments (de Kort, Meijnders, Sponselee, & IJsselsteijn,
2006; Valtchanov, Barton, & Ellard, 2010; Valtchanov & Ellard, 2010).
However, some psychologists have shown that the technical characteristics
of the simulated environments such as the dynamic (or static) characteristics
of the stimulus (Heft & Nasar, 2000; Kroh & Gimblett, 1992) critically influ-
ence the perception of the environments. For moderation analysis, this var-
iable has been coded in two levels: in laboratory and in situ.

3. Environment. The type of natural and urban environments investigated varies
across studies (e.g., forest, mountains, lake, park, and boulevard).
Furthermore, some studies have suggested that even a few urban or built
elements in a natural setting could be enough to decrease the potential
power of the natural environment to restore people’s resources (e.g., Beil &
Hanes, 2013; Hauru, Lehv€avirta, Korpela, & Kotze, 2012; Pals, Steg, Dontje,
Siero, & van der Zee, 2014). So, we classified natural environments into three
categories, wild nature, urban nature (i.e., nature with a built element), and
mixed (wild and urban nature) to verify whether the type of environment
moderates a difference between nature and urban restorativeness.

4. Measuring instruments. The most used self-report questionnaire for investigat-
ing the cognitive qualities of environments (i.e., perceived restorativeness) is
the Perceived Restorativeness Scale (Hartig et al., 1997) or variants of it. Other
questionnaires that have been used are the Restorativeness Outcome Scale
(Korpela, Ylén, Tyrv€ainen, & Silvennoinen, 2008; Takayama et al., 2014;
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Tyrv€ainen et al., 2014), the Restorativeness State Scale (Van den Berg,
Jorgensen, & Wilson, 2014), Environmental Restoration Perception
(Mart�ınez-Soto, Gonzales-Santos, Barrios, & Lena, 2014), and the
Restorative Components Scale (Laumann et al., 2001; Stevens, 2014). When
the total score of a scale was not available (e.g., Chen et al., 2016), the fasci-
nation dimension was used for meta-analysis purposes. Fascination is a central
element in Kaplan’s theory (Kaplan & Kaplan, 1989) because it links to the
attentional system. In particular, it refers to the form of attention that
does not require effort (involuntary attention) and, consequently it allows a
fatigued attetional system to be restored (Kaplan, 1995). For moderation anal-
yses, this variable has been codified in three levels: Perceived Restorativeness
Scale (PRS), fascination, and other.

5. Participants. One of the main sources of variation between psychological
studies is the type of participants that are used in surveys (Arnett, 2008;
Henrich, Heine, & Norenzayan, 2010). Moreover, the extensive use of uni-
versity students has often been criticized (e.g., Hanel & Vione, 2016). For this
reason, we wanted to include the type of participants (student or general
adults) used as a possible influence on the calculated effect sizes.

Method

Literature Analysis and Inclusion Criteria

Studies for inclusion in the analysis were selected using two different research
strategies. Peer-reviewed articles were searched in different databases
(PsycINFO, PsycARTICLES, SpringerLINK, andWeb of Science) using combi-
nations of the following keywords: restoration, restorativ*, “restorative qualit*”,
“perceived restorativeness scale”, “restorative outcome*”, and “environment*
psychology”. Then, the references list of the selected studies was examined to
identify further studies. A total of 168 studies were selected.

First, we excluded studies that did not report primary data (e.g., theoretical
papers or meta-analytic studies) and instrument validation papers (n¼ 23). To
be included in this meta-analysis, the remaining studies had to meet the follow-
ing inclusion criteria:

• The restorativeness was investigated following direct visual exposure to real
or simulated environments (photographs, video, or virtual reality). Studies
that required the participants to evaluate an environment after imagining it
(e.g., Korpela & Hartig, 1996; Korpela et al., 2008) or to evaluate personal
experience (e.g., Kelz, Evans, & R€oderer, 2015) were excluded.

• The restorativeness was investigated in at least two outdoor environments,
one with natural elements (wild nature, city parks, or avenues) and one with-
out natural elements (roads and buildings). Studies that required to the
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participants to evaluate an indoor environment such as home interiors (e.g.,
Meagher, 2016), offices (e.g., Evensen, Raanaas, Hagerhall, Johansson, &
Patil, 2015), or an undefined place such as the participants’ “favorite place”
(e.g., Ratcliffe & Korpela, 2016) were excluded.

• The restorativeness was investigated through a self-report questionnaire.
Studies that investigated the effect of exposure to nature on memory (e.g.,
Mayer, Frantz, Bruehlman-Senecal, & Dolliver, 2009) attention (e.g., Berto,
2005), other cognitive tests (e.g., Newman & Brucks, 2016), or on emotional
resources (e.g., Lee et al., 2011; Ulrich, 1979) alone were excluded.

In total, 22 peer-reviewed studies met the inclusion criteria (Table 1). Most of
them are within-subject research designs (60%) conducted in the laboratory
(76%) with students (67%) using the Perceived Restorativeness Scale (67%).

Data Analysis

To estimate effect size of the difference between restorativeness perceived in
natural or urban environments, we used Cohen’s d (1988). In almost all cases,
the latter was calculated using the descriptive statistics and the following for-

mulas: Cohen’s d ¼ �v1� �v2
s , s ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðn1�1Þs2

1
þðn2�1Þs2

2

n1þ n2

q
; where �v¼mean, s¼ standard

deviation; n¼ sample size (Dunst, Hamby, & Trivette, 2004). We used the same
Cohen’s d formula for between-subject and within-subject studies because
we did not have information about the correlation between the perceived
restorativeness of natural and urban environments required in the formula for
within-subject designs (Dunst et al., 2004). However, through personal commu-
nication we retrieved some, but not all, correlational data (R. Berto, personal
communication, October 18, 2017; T. Hartig, personal communication,
October 25, 2017; K. M. Korpela, personal communication, November 2, 2017;
J. Mart�ınez-Soto, personal communication, October 27, 2017; N. Takayama, per-
sonal communication, October 26, 2017). Data suggested low or zero correlation
between perceived restorativeness scores in natural and urban environment
(range¼ .00–.31). Consequently, the use of the between-subject formula was an
appropriate alternative (Dunst et al., 2004). In two cases (Chen et al., 2016;
Lee, Williams, Sargent, Williams, & Johnson, 2015), the descriptive statistics
were not available and, therefore, the Cohen’s d was calculated starting from

the student t-statistic using the following formula: Cohen’s d ¼ t
ffiffiffiffiffiffiffiffiffi
n1þn2
n1n2

q
.

When information regarding the sample size of groups compared (in the case
of between-subject studies) was not available, we assigned equal numbers to the
groups by dividing the participants in half.

The software r (metafor package, version 2.0–0) was used for all analyzes.
A random-effects model (estimation method: restricted maximum-likelihood)
was used to estimate the medium effect size. In random effects models, each
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study is weighted by the inverse of its variance, which includes both the variance

between-subjects and the variance within-subjects (Borenstein, Hedges,

Rothstein, & Higgins, 2009). This model was chosen instead of a fixed

factor model because the studies included in the meta-analysis were conducted

independently and using different methods in different populations, so we did

not expect a common effect size. Heterogeneity was investigated through the

Cochran’s heterogeneity statistic (Q) which tests the null hypothesis according

to which the effect sizes of the individual studies are similar enough to share a

common effect size (Cochran, 1954). A significant value for Q means hetero-

geneity between the effects. Because of the limited power of Q in identifying

heterogeneity in the meta-analysis (Higgins, Thompson, Deeks, & Altman,

2003), p< .10 are considered significant. The level of heterogeneity was inves-

tigated using the I2 statistic, which measures the proportion of total variance

due to the variability between studies (i.e., the heterogeneity that is explained

by the random effect). High values (75–100) correspond to high levels of het-

erogeneity, medium values (50–74) correspond to moderate heterogeneity, low

values (1–49) correspond to low heterogeneity, and zero indicates the absence

of heterogeneity (Higgins et al., 2003). To verify the presence of abnormal

studies we checked the distribution of effect size (funnel plot) and the influence

of individual studies on heterogeneity (Q statistic) and on the general model

(Cook’s distance).
Meta-analysis results can be influenced by bias due to publication process

(e.g., scientific studies without significant results are not published). This phe-

nomenon is commonly called “publication bias” (Rosenthal, 1995; Rothstein,

Sutton, & Borenstein, 2005) and can be controlled through different strategies

(Borenstein et al., 2009). We used the trim and fill approach of Duval and

Tweedie (2000), a non-parametric method that estimates the number of studies

missing from the meta-analysis by suppressing the studies that generate patterns

of asymmetry and generating new data based on the initial sample to obtain a

symmetrical effect size distribution.
Univariate moderation analyses were conducted to verify whether methodo-

logical differences between studies moderate the effect size estimated. In other

words, we investigated whether the difference in restorativeness between envi-

ronments changes depending, for example, on the instrument used or on the

type of exposure. In particular, using univariate mixed effects models, we inves-

tigated the potential moderation effect of each of the variables coded: research

design (between-subject or within-subject), location (laboratory or in situ), envi-

ronment (wild nature or urban nature), instrument (PRS, fascination, or other

tools), and participants (students or general adults). In addition to the indices

previously described for the random effects model, the R2 statistic that quanti-

fies the amount of heterogeneity explained by the moderator variables is also

reported.
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Results

The effect sizes calculated for the individual studies included in the meta-

analysis are listed in Table 1. All the estimated effect sizes were in the expected
direction (median¼ 2.43) and had a normal distribution (asymmetry¼ 0.98,

kurtosis¼ 0.72).
The random effects model (k¼ 22, n¼ 1677) estimated a medium effect size

very large (Cohen’s d (confidence interval, CI)¼ 2.46 (1.61–3.31); standard error
(SE)¼ .41). The studies were heterogeneous (Q(21)¼ 731.97, p< . 001) and the

proportion of total variance due to the variability between studies was very high
(I2 (CI)¼ 98.49% (97.42–99.29)). Trim and fill test was not significant suggesting

no publication bias. Two studies, Wilkie & Stavridou (2013) and Berto (2008)
had an effect size very far from the medium effect size estimated and from the
confidence intervals (�1.96 SE), Cohen’s d¼ 7.46, and Cohen’s d¼ 6.68, respec-

tively. Moreover, both had high Cook’s distance values indicating a huge influ-
ence on the medium effect size estimated. Wilkie’s study had also a large

influence on the studies’ heterogeneity. For this reason, a second random
model was run after exclusion of the Wilkie et al. (2013) and Berto (2008)

studies.
The effect size estimated by this second model was still large (Cohen’s d

(CI)¼ 1.99 (1.38–2.61), SE¼ .29), although lower but more accurate than
those estimated by first random model (Figure 1). The heterogeneity of the
studies was still very high (Q(19)¼ 503.19, p< . 001; I2 (CI)¼ 96.97% (94.61–

98.62)) and trim and fill approach was not significant.
Univariate mixed effect models were run to verify whether moderator vari-

able could explain the high heterogeneity. As shown in Table 2, only research
design and the kind of participants involved explained a small amount of het-

erogeneity (13% and 3%, respectively) but their influence was not significant.
None of the other moderators considered explained the different effect sizes

found in single studies. Even so, the differences in effect sizes were in the
expected direction: (1) in within-subject studies, the difference between nature

and urban environment was higher (Cohen’s d¼ 2.39) than in between studies
(Cohen’s d¼ 1.36), (2) studies conducted in laboratory (Cohen’s d¼ 2.32) than
in situ (Cohen’s d¼ 1.97), (3) studies comparing urban environment to urban

nature (Cohen’s d¼ 2.06) than to wild nature (Cohen’s d¼ 1.82). The “mixed”
category for the type of environment was excluded in the moderation analysis

because only one study (Korpela, 2013) fell into this category.

Discussion and Conclusion

The aim of this study was to conduct a meta-analysis on studies comparing
perceived restorativeness resulting from direct exposure to natural or urban

environments (simulated or real). In particular, this meta-analysis sought to
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estimate how much nature is perceived as more restorative than urban environ-
ments. Results pointed to nature being perceived as more restorative than urban
environments, confirming from an empirical point of view what is typically now
considered a given in environmental psychology (Gifford, 2014; Staats, 2012).
The relevant indicator was the magnitude of the estimated medium effect size,
which was particularly large (Cohen’s d¼ 1.99) compared with those that are
usually observed in psychology (Brand & Bradley, 2016). These results suggest
that self-report questionnaires reliably discriminate between natural and urban
environments with respect to perceived restorativeness. Moreover, moderator
analysis indicated: (1) no real difference between instruments used in the liter-
ature and (2) no difference between global scales or fascination subscale sup-
porting the use of fascination items alone when other subscales were not
available.

However, although this meta-analysis suggests that nature is perceived to be
much more restorative than urban environments, its real benefits on people’s
cognitive resources may not be substantially greater than those offered by urban
environments.

Indeed, if as claimed by the ART (Kaplan & Kaplan, 1989), the recovery of
cognitive resources is the result of an interaction between direct attention and

Figure 1. Forest plot: Cohen’s d computed for each studies and medium effect size computed
by the random effect model (k¼ 20; in brackets confidence interval of Cohen’s d).
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intrinsic properties of the environments, this recovery should occur regardless of
what is perceived (Pearson & Craig, 2014). Environments can be assessed as
more restorative even if cognitive performance is not influenced by the quality of
the environment (Evensen et al., 2015). Consequently, measuring the perceived
restorativeness without directly measuring the effects on cognitive functions
could lead to misleading results (Pearson & Craig, 2014).

The second aim of this study was to investigate whether methodological
differences could explain variability across studies.

First, moderation analyses highlighted that, as expected, research design
partly explained the variability between studies, with higher effect sizes observed
in within-subject studies than those observed in between-subject studies. This
depended on the better inter-individual variability control in the first kind of
research design than in the second. Indeed, obtaining two different measure-
ments from the same subject makes it possible to exclude the influence of
between-subject differences on the construct under investigation. So, people’s
personal characteristics (i.e., age, gender, educational level, or personality) could
play a significant role in determining the perceived restorativeness of certain

Table 2. Results of univariate mixed effect model.

Test of moderator Model results

QM

(F(1,18)) p R2 (%) Cohen’s d 95% CI

Research design 3.32 .085 13.40

Between 1.36 0.44–2.29

Within 2.39 1.65–3.13

Exposition 0.01 .940 0.00

Laboratory 2.32 1.43–3.21

In situ 1.97 0.57–3.37

Environment 0.14a .7118 0.00

Wild nature 1.82 0.98–2.67

Urban nature 2.05 1.06–3.05

Instrument 0.84b .449 0.00

PRS 2.29 1.44–3.13

Fascination 2.01 0.61–3.40

Other 1.38 0.16–2.60

Participant 1.68 .211 3.15

Student 1.76 1.04–2.47

General adults 2.58 1.45–3.71

CI: confidence interval.
adf¼ 1,17. Mixed environments were excluded from this analysis because it was represented by only one

study (Korpela, 2013).
bdf¼ 2,18.
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environments. For example, age does not seem to influence the perception of the
restorative qualities of the environments (Berto, 2007), however, natural and
urban environments could have different restorative potential in relation to the
stage of life (Scopelliti & Giuliani, 2004). McMahan found higher correlation
between positive mood and nature exposure in older people (McMahan & Estes,
2015). There seemed not to be any studies that have verified the effect of gender
or educational level on the perception of restorativeness. There were gaps in the
demographic details across the studies we used for analysis and so it was not
possible to check the extent of moderating effects of these variables. Future
studies that are able to take these variables into account identify their possible
effects on the perception of restorativeness perceived in a given environment.
Personality characteristics could also play a role in determining the perceived
restorativeness of environments. For example, it has been suggested that neu-
roticism influences the perceived restorativeness of home environments
(Meagher, 2016). Furthermore, people with high neuroticism scores might
obtain greater benefits following exposure to urban environments than people
who score lower on neuroticism (Newman & Brucks, 2016). It has also
been suggested that the ability to perceive the restorative potential of an envi-
ronment depends on the level of affinity with natural elements. Empirical evi-
dence shows that a high degree of perceived naturalness (Carrus et al., 2013;
Hartig et al., 1997; Hipp, Gulwadi, Alves, & Sequeira, 2016), and connection
with nature (Berto et al., 2018) could increase the perceived restorativeness of
the environment.

Our results also highlight that nature is perceived as more restorative than
urban environments regardless of the context of exposure (in the laboratory or
in situ), the kind of natural environment being considered (wild or urban
nature), the measurement instrument being used, or the kinds of people
making the judgments. Consequently, these findings suggest that reproduced
(virtual) environments are valid representations of real environments, confirm-
ing the implicit assumption that exposure to simulated environments produces
the same effects as exposure to real environments (Stamps, 1990; Valtchanov
et al., 2010; Valtchanov & Ellard, 2010). Moreover, students can be considered a
good representative sample of the general population when the aim is to inves-
tigate the perception of restorativeness in different environments.

We found that all of the measurement instruments used to assess the per-
ceived restorativeness of environments had the same ability to detect differences
between environments. As a result, after appropriately transforming scales,
plausible comparisons can be made between studies using different tools.

Finally, these findings suggest that urban nature could be a valid substitute
for wild nature when planning restorative environments (McMahan & Estes,
2015). However, even if the presence of human alteration (e.g., street, buildings,
etc.) seems not to influence perception of the restorative qualities of an environ-
ment, other environmental characteristics could influence it. Indeed, the
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literature reports different restorative potential in respect of level of greenery

(Beil & Hanes, 2013; de Vries, Verheij, Groenewegen, & Spreeuwenberg, 2003;

Hauru et al., 2012; Pals et al., 2014), biodiversity (Carrus et al., 2015; Hartig

et al., 2014; Marselle, Irvine, Lorenzo-Arribas, & Warber, 2016), and percentage

(de Vries et al., 2003; White, Pahl, Ashbullby, Herbert, & Depledge, 2013; White

et al., 2010) and kinds of water surface (Wilkie & Stavridou, 2013). High levels

of greenery (e.g., Beil & Hanes, 2013; Hauru et al., 2012) or the presence of a

water surface (e.g., river, lake, and sea; Tang et al., 2017; White et al., 2010,

2013) increase the perceived restorativeness of the environment. Urban environ-

ments with water elements could have the same restorative potential as nature

without water (White et al., 2010). Conversely, environments with unpleasant

water elements could be less restorative than environments without water

(Wilkie & Stavridou, 2013). Moreover, empirical evidence suggested that the

characteristics of light (e.g., brightness, evenness, extensiveness, color quality,

and glare) influence the perception of restorativeness qualities (e.g., Nikunen &

Korpela, 2009; Nikunen, Puolakka, Rantakallio, Korpela, & Halonen, 2014).

For example, natural light (fire and sunset) enhance the fascination of an envi-

ronment (Kaplan & Kaplan, 1989), brightness promotes its exploration (scope),

and color quality facilitates relaxation and feelings of being away (Nikunen

et al., 2014).
In sum, the critical aspect in determining the levels of perceived restorative-

ness is probably not the presence of human alteration (e.g., street, buildings,

etc.) but particular (objective of subjective) features of the environment. So,

investigations of different kinds of urban natural environments and on elements

that discriminate each other are needed.
The principal limitation of this study is linked with the computation of effect

sizes. We considered within-subject studies as between-subject studies because

we did not have relevant correlational data from some studies. This approach is

conservative (e.g., Elbourne et al., 2002) and consequently effect size of within

studies could be underestimated. So, it is plausible to hypothesize that in within-

subject studies compared with between-subject studies, the difference between

the perceived levels of restorativeness across nature and urban environments is

potentially higher.
Second, we included only peer-reviewed studies and we did not include

articles from the so-called grey literature. However, we controlled for the pres-

ence of publication bias and the result was negative.
In conclusion, this meta-analysis supports the view that nature environments

are perceived as much more restorative than urban environments, independently

of mode of presentation, participants making the judgments, and the instru-

ments used to assess the judgments. Consequently, we suggest that researchers

should shift the focus from the comparison between nature and urban environ-

ments or between real and simulated environments and from the development of
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measurement tools to the identification of environmental or individual variables

that influence the perception of restorativeness.
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