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This study newly explored the relationship between individual characteristics (i.e.,

connectedness to nature, a preference for natural rather than built environments,

personality, visuospatial preferences) with perceived restorativeness, as well

as affective and memory-related benefits of exposure to the nature. Eighty

adults were individually exposed to nature by walking in a landscape garden.

Measures of connectedness to nature, preference for natural environments,

personality traits, and visuospatial preferences were administered. Before and

after walking in the garden, participants completed measures of affect (positive

and negative emotions) and memory (short-term and working memory, and

spatial memory). After walking they completed a Perceived Restorativeness scale.

Perceived Restorativeness was found to be significantly explained by Extraversion

(personality trait) and Connectedness to Nature. There was no significant

influence of individual characteristics on benefits to affect and memory measures.

Overall, the results showed that perception of the restorative effect of a natural

environment is related to connectedness to nature and personality (extraversion

trait). Taken together, our findings highlight the importance of considering

individual characteristics to better capture restorative/recovery effects of a natural

environment in an individual, and to tailor/implement nature-based solutions to

ensure a sustainable urban green environment and to promote quality of life for

their citizens.
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exposure to nature, perceived restorativeness, personality traits, connectedness to
nature, affect, memory
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1. Introduction

A natural environment can be perceived as having a restorative
potential [see Menardo et al. (2021) for a meta-analysis]. In
particular, exposure to nature can have restorative effects on
individuals’ positive affect (reducing stress) and improve cognition
(i.e., memory and attention), since nature becomes source of
fascination, and being in contact with it stimulates the use of
involuntary attention. It has indeed been observed that exposure to
nature leads to more positive emotions and positive physiological
arousal, which reduce perceived stress levels, in the participants
exposed to the natural environment when compared with those
exposed to the built environment see Yao et al. (2021). These
are key aspects of dominant theories regarding why interaction
with nature confers such benefits, including: Stress-reduction
theory (SRT; Ulrich, 1983), and Attention restoration theory
(ART; Kaplan, 1995). Systematic reviews have suggested the –
positive – association between long-term exposure to nature
(greenspace) and cognition (Ohly et al., 2016; Ricciardi et al., 2022).
However, evidence of a beneficial effect of nature exposure are still
inconsistent.

Notwithstanding the growing body of evidence on
psychological benefits of nature and its restorative potential
as a product of a person-environment interaction, little is still
known about whether restorativeness and benefits of nature
exposure may also depend on individual characteristics.

The existing literature on restorative environments has tended
to focus on natural physical/environmental properties (Carrus
et al., 2013; Tang et al., 2017), but the restorative effects of nature
may also relate to individual attitudes to nature and personal
preferences (Berto et al., 2018). Although exposure to natural
environments is fundamental for the activation of mechanisms
able to restore/replenish directed attention capacity (Kaplan, 1995),
and/or recover from stress (Ulrich, 1983), it is also true that some
individuals are more prone to appreciate exposure to nature and
give restorative effects from it. For instance, the positive effects of
nature have been associated with individual’ levels of connectedness
to nature–the perceived affective/experiential connection between
the self and nature. There is, in fact, evidence of connectedness
to nature being associated with its perceived restorativeness
(Mayer et al., 2009; Berto and Barbiero, 2017). Differences in
connectedness to nature have also been correlated with a preference
for natural as opposed to built environments (Nisbet et al., 2009;
McMahan and Josh, 2017). Thus, such individual characteristics
on connectedness to nature, and environmental preference for
natural environments, could be important aspects to account
for perceived restorativeness, and–cognitive and affective–benefits
associated with nature.

Restorative experiences in a given type of environment can
also relate to other individual characteristics, such as general
personal dispositions and personality traits, which have been
shown to be related to behavior choices, psychological experiences,
and well-being (e.g., Roberts et al., 2007). However, there
is very few evidence on the associations between personality
and perceived restorativeness, and mixed and heterogenous
results coming from diverse study settings (laboratory or real
environment), and methods (in terms of instruments). Laboratory
studies using images/videos found that some personality traits

(extroversion–i.e., energetic/outgoing activities-, agreeableness–
i.e., the entity/value of being with others-, openness–i.e., the
appreciation/curiosity toward art and culture-) correlated with the
psychological restorative effect of nature (Felsten, 2014; Senese
et al., 2020; Subiza-Pérez et al., 2021), while neuroticism (low
emotional stability) was associated with a worse psychological
well-being when living near green spaces (Ambrey and Cartlidge,
2017). Surprisingly, only one study assessed personality in
relation to perceived restorativeness (Johnsen, 2013). In the
study Johnsen (2013), the restorative experience was tested
in individuals walking in a natural environment (Norwegian
wilderness area), and only conscientiousness (goal-directed and
organized thoughts/behaviors) was found to be correlated with
restorativeness. Interest in examining the associations between
personality and perceived restorativeness and benefits of nature is
worthy of consideration to identify which personality traits could
explain the source of variability in restorative experiences of people
in contact with nature.

People also differ in their ability to acquire and appraise spatial
information when interacting with an environment. Visuospatial
preferences (or cognitive styles, such as object or spatial preference
when handling spatial information) influence how we experience
environments (Blazhenkova and Kozhevnikov, 2009) and relate
to environment learning accuracy (Pazzaglia and Moè, 2013;
Meneghetti et al., 2014). To date, no studies have examined
whether and how visuospatial preferences are related to the
restorative effects of nature. This issue was newly assessed
here.

Overall, restorative experiences in the individual-environment
interactions might be influenced not only by environmental
properties, but also by individual characteristics, which has
received little attention to date. Connectedness to nature and
environmental preference, personality traits, and visuospatial
preferences, for instance, might contribute in characterizing
the restorative value of nature experience, making individuals
more (or less) able to perceive the positive effects, and
restorative properties of nature. To capture the source of
individual variability when individuals interact with nature,
whether and to what extent these individual characteristics impact
perceived restorativeness and benefits of nature exposure is
worth investigating.

The present study thus aimed to examine, for the first
time at our knowledge, the relationship between individual
characteristics related to connectedness to nature and a preference
for natural rather than built environments, personality traits
and visuospatial preferences–and the perceived restorativeness
of a natural environment (Aim 1). As experiences of real
environments are considered more ecologically valid (Berto
et al., 2018), our participants walked for around 50 min in
a real landscape garden, and its perceived restorativeness
was measured immediately afterward. Toward this aim, we
hypothesized connectedness to nature and a preference for
natural -rather than built- environments to be positively
associated with perceived restorativeness (White et al., 2013;
Wilkie and Clouston, 2015; McMahan and Josh, 2017; Berto
et al., 2018). In line with previous evidence (Johnsen, 2013;
Felsten, 2014; Subiza-Pérez et al., 2021), we also expected
a positive correlation between perceived restorativeness
and extraversion, but not neuroticism (Johnsen, 2013) or
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psychoticism–i.e., susceptibility to aggressive/impulsive thoughts
and behaviors.

Because of the benefits in affect and cognitive aspects like
memory (as suggested by ART and SRT), we also examined the
relationship between individual characteristics and such benefits
(Aim 2) using a questionnaire to assess affect, verbal short-term
and working-memory tasks, and a sketch map task to assess spatial
memory. Considering previous evidence (Nisbet et al., 2011),
we expected both connectedness to nature and a preference for
natural rather than built environments to positively correlate with
benefits in affect. Only a weak or null association was expected
between memory benefits and both perceived restorativeness and
affective benefits, as previous evidence found that changes in
positive affect after exposure to nature do not correlate with
cognitive changes (Schertz and Berman, 2019; Ricciardi et al.,
2022). We also expected that affective benefits to positively
correlate with personality disposition of extraversion, while limited
association with neuroticism or psychoticism might emerged
(Johnsen, 2013; Felsten, 2014; Subiza-Pérez et al., 2021). Given
the weak and heterogeneous relationships between personality and
cognition (Simon et al., 2020), we expected a modest contribution
of personality to performance in the cognitive tasks presented
here.

Finally, differences in visuospatial preferences with perceived
restorativeness and benefits associated with exposure to
nature were (newly) investigated, as they have been found
related to spatial and navigation abilities in the environment
(Pazzaglia and Moè, 2013). We expected object and spatial
preferences to be associated more with spatial memory
performance (map task), but little or not at all with other
(non-spatial) memory tasks (verbal WM task; Meneghetti et al.,
2014).

2. Materials and methods

2.1. Participants

Eighty individuals (58 females) (age range: 21–57; M = 31.07;
SD = 11.39) volunteered for the study, recruited by word of mouth
at the School of Psychology in exchange for course credits. As
for all coefficients considered here (see below), a power analysis
performed with R (R Core Team, 2019, “pwr” library) showed that
65 people were needed to obtain a sufficient power of 0.80, an effect
size of 0.30, and a p < 0.05.

All participants were screened using the following inclusion
criteria: (a) no depression, with scores under the clinical cut-off of
14 on Beck’s Depression Inventory II (BDI-II; Beck et al., 1996);
and (b) no excessive symptoms of anxiety, as measured by the
State-Trait Anxiety Inventory Y2 (STAI-Y2; Spielberger, 2010).
Participants reported no history of clinically-relevant disorders.
We only included participants who were unfamiliar with the study
site.

This study was approved by the local University
Research Ethics Committee (No. 4254). Participants were
informed of the study aims and gave their written informed
consent in accordance with the Declaration of Helsinki
(World Medical Association, 2013).

2.2. Measures

2.2.1. Perceived restorativeness
The Perceived Restorativeness Scale (PRS; Pasini et al., 2014;

11 items) assesses the perceived restorativeness of an environment
in terms of: “being away” (PRS-1; 3 items; α = 0.78); “fascination”
(PRS-2; 3 items; α = 0.64); “coherence” (PRS-3; 3 items; α = 0.66)
(variables of interest). The “scope” subscale was unreliable for the
present sample (2 items; α = 0.14), so was not considered in the
analyses.

2.2.2. Affect and memory benefits
2.2.2.1. Affect

The Positive and Negative Affective Status (PANAS; Watson
et al., 1988; 20 items) measures positive (PANAS-P: α = 0.79)
and negative affect (PANAS-N: α = 0.75). Affective benefits were
considered in terms of each domain (PANAS-P, PANAS-N), as
follow: PANAS “post-test” scores after walking in the garden minus
PANAS “pre-test” scores beforehand.

2.2.2.2. Memory
The Forward and Backward Digit Span tasks (FDS and BDS;

De Beni et al., 2008) involve participants repeating a series of digits
of increasing length in the same or reverse order, respectively.
Two parallel versions were created to control the test-retest effect,
and the number of correctly recalled series was used as a measure
of short-term and working memory performance, respectively.
Memory benefits (i.e., FDS and BDS) were derived as follows: scores
in the FDS and BDS respectively after walking in the garden minus
scores in the FDS and BDS respectively, before walking in the
garden.

The Sketch map task consists of naming in writing or drawing
as many landmarks as possible in their appropriate positions on a
sketch map of the garden (Supplementary Figure 1). Accuracy was
assessed in terms of the Number of Missing Landmarks (NML), the
SQuare Root of the Canonical Organization (SQRTCO), and the
Canonical Accuracy (CA; Gardony et al., 2016).

2.2.3. Individual characteristics questionnaires
2.2.3.1. Connectedness to nature

The Connectedness to Nature Scale (CNS; Mayer and Frantz,
2004; 14 items; adapted and translated for our purposes) assesses
to what degree people feel a part of nature (α = 0.88). Higher total
score indicates stronger connectedness to nature.

2.2.3.2. Preference for natural rather than built
environments

The Preference for Nature Questionnaire (PNQ; McMahan and
Josh, 2017; 10 items; adapted and translated for our purposes)
assesses individual differences in preferences for natural vs. built
environments (α = 0.87). Higher total score indicates the degree of
preference for natural environment.

2.2.3.3. Personality
The Eysenck Personality Questionnaire-revised (EPQ-R;

Eysenck, 2004; 48-items; Dazzi, 2011) assesses the personality
traits. Here we considered Extraversion (12 items; α = 0.64), and
Neuroticism (12 items; α = 0.85). Psychoticism (12 items; α = 0.07)
was unsuitable for the present sample, so was not considered.
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2.2.3.4. Visuospatial preferences

The Object-Spatial Imagery and Verbal Questionnaire
(OSIVQ; Blazhenkova and Kozhevnikov, 2009; 45 items) assesses
individuals’ preferences for handling spatial information. The
visuospatial preferences are indicated by higher scores in the object
imagery scale (15 items; α = 0.64), spatial imagery scale (15 items;
α = 0.67), and verbal imagery scale (15 items; α = 0.77).

2.2.4. Study site
Villa Revedin Bolasco1 is a 19th century complex consisting

in the main noble building, the agricultural outbuildings and
the garden designed in landscape style, located in Castelfranco
Veneto (Italy). The garden is 7.63 hectares in size, with more
than 1,000 trees of 65 different species. It includes meadows,
ponds, and hills, with a horse-riding arena surrounded by
historical statues (Cavallerizza), a Moorish-style greenhouse, and
a boathouse (Cavana).

2.2.5. Procedure
Participants signed the consent form and completed the

questionnaires in the following order using the Qualtrics platform:
CNS, PNQ, EPQ, OSIVQ, STAI-Y2, and BDI-2. One week later,
they were involved in individual pre-test and post-test sessions, and
in environment exploration in the garden. In the pre-test session,
participants completed the PANAS, FDS and BDS. Participants
were led to the starting point (Supplementary Figure 1) and invited
to explore the garden freely, walking both along gravel paths and
elsewhere (e.g., on the meadows). Each participant was granted
to a single session of 50-min exposure to the garden. In the post-
test session, participants completed the PANAS, FDS and BDS, the
PRS-11, and the sketch map task.

3. Results

Table 1 shows the correlations between the variables of interest.
See the Supplementary Table 1 for the descriptive statistics.

3.1. Aim 1: Individual characteristics and
exposure to nature

3.1.1. Correlation analyses
Extraversion was positively associated with the total PRS-

11 score and the Being Away domain (r = 0.24; p = 0.036).
There was also a positive correlation between the PNQ and
PRS-11 domains of Being Away (r = 0.24; p = 0.035), and
Fascination (r = 0.22; p = 0.047), indicating that a preference for
natural over built environments correlated with more restorative
feelings of getting away from daily stress, and enthusiasm
for nature. The CNS score correlated positively with the
total PRS-11 score and all its subscales (range r = 0.25–
35).

1 https://goo.gl/maps/FBnpobK59uzE7WVe9

3.1.2. Regression analyses
Given the exploratory nature of our study, we examined

the role of individual characteristics in perceived restorativeness
by performing a series of linear models to estimate the overall
proportion of variance in perceived restorativeness (PRS-11 total
score, and its subscales) explained by the following individual
characteristics entered in a unique block: age and gender, as
control factors (given their effect on environment experience;
Borella et al., 2014; Miola et al., 2021), CNS, PNQ, personality
(extraversion, neuroticism), visuospatial preferences (Object,
Visual and Verbal imagery, as control factors) (Supplementary
material).

For the total PRS-11 score, predictors accounted for 28%
of the variance. Only extraversion and CNS emerged as
significant and positive predictors [β = 0.216, CI = (0.01;
2.32), p = 0.048; β = 0.249, CI = (0.03; 0.67) p = 0.034,
respectively], indicating that a greater extraversion and
connectedness to nature significantly predicted a stronger
perception of the restorative effect of walking in a garden
(Figure 1). The regression models were run separately for all PRS
domains.

For the PRS-1, all the predictors together accounted for 25%
of the variance, but no significant predictors emerged (β ranging
from −0.187 to 0.195, all p < 0.05). For the PRS-2, the predictors
accounted for 22% of the variance, with only age emerging as a
significant and negative predictor [β = −0.294, CI = (−0.07; 0.14),
p = 0.012]. For the PRS-3, the model was not significant, and no
significant predictors emerged (β ranging from −0.230 to 0.221, all
p < 0.05).

3.2. Aim 2: Benefits in affect and memory

3.2.1. Correlation analyses
The benefits in the PANAS-P (positive emotions) correlated

positively with the benefits in the BDS (r = 0.26; p = 0.023) and
with higher SQRTCO scores (r = 0.24, p = 0.037).

The benefits in the BDS correlated negatively with the
Fascination domain (r = −0.25, p = 0.23). The benefits in the BDS
were positively associated with the CA score (r = 0.26, p = 0.022).

Regarding the sketch map task, the object preference correlated
positively with a higher SQRTCO (r = 0.24, p = 0.036), while the
spatial preference was negatively associated with the NML scores
(r = −0.22; p = 0.050).

No other significant correlations emerged.

3.2.2. Regression analyses
To further explore the relationship between individual

characteristics and benefits in affect and memory, linear models
were run, including all benefits to affect (PANAS-P, PANAS-N)
and memory (FDS, BDS)2, and effects on accuracy in positioning
landmarks on the map (NML, SQRTCO, CA) after exposure to

2 A series of repeated ANOVAs were run separately on participants’ pre-
exposure and post-exposure affective and cognitive measures. Regarding
affect, the results showed a significant main effect of time, with
improvement from the pre to post-test only in reducing negative
emotions [PANAS-N; F(1,79) = 51.164, p < 0.001, n2p = 0.393], while
for positive emotions it was not significant [F(1,79) = 0.228, p = 0.634,
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TABLE 1 Correlations between measures of interest.

Age Gender E N OSIVQ-1 OSIVQ-2 OSIVQ-3 PNQ CNS PANAS, P PANAS, N FDS BDS SQRTCO NML CA

Gender a
−0.150 -

E 0.049 0.050 —

N −0.190 0.312** 0.051 —

OSIVQ-1 0.036 0.125 0.150 0.190 —

OSIVQ-2 −0.055 −0.575*** −0.172 −0.217 −0.008 —

OSIVQ-3 −0.060 0.070 0.213 0.094 0.211 −0.118 —

PNQ 0.114 0.109 0.013 0.051 −0.040 0.101 −0.173 —

CNS 0.064 0.022 0.188 −0.015 0.184 −0.027 0.148 0.353*** —

PANAS, P −0.123 −0.078 −0.002 0.094 0.160 0.077 0.014 0.127 0.100 —

PANAS, N −0.005 0.017 0.154 −0.052 −0.094 −0.064 0.113 −0.130 0.167 −0.116 —

FDS 0.195 −0.073 0.118 −0.029 0.070 −0.065 0.118 −0.133 0.069 −0.071 −0.160 —

BDS −0.044 −0.185 −0.059 0.069 −0.128 0.015 −0.200 0.124 0.048 0.255* 0.043 −0.017 —

NML −0.042 0.196 −0.008 −0.041 −0.177 −0.220* 0.078 −0.067 −0.189 −0.173 −0.036 −0.121 −0.178 −0.985*** —

SQRTCO 0.054 −0.164 0.083 0.008 0.240* 0.187 −0.024 −0.001 0.224 0.238* 0.089 0.089 0.191 −0.070 0.228* —

CA −0.014 −0.078 0.172 −0.10 −0.081 0.104 0.098 −0.133 0.236 0.062 0.141 0.160 0.261* 0.025 −0.003 −0.063

PRS-1 −0.180 0.261* 0.235* 0.194 0.204 −0.103 0.030 0.237* 0.261* −0.066 0.034 −0.157 −0.102 −0.003 0.025 −0.068

PRS-2 −0.191 0.047 0.141 −0.065 0.101 −0.052 −0.062 0.223* 0.293** −0.051 0.076 −0.037 −0.253* 0.033 −0.081 0.183

PRS-3 0.107 0.158 0.118 −0.157 0.134 −0.117 0.063 0.064 0.253* 0.008 0.165 0.009 −0.080 0.195 −0.197 −0.063

PRS, total
score

−0.154 0.248* 0.290** 0.069 0.196 −0.199 0.074 0.194 0.348** −0.008 0.147 −0.063 −0.114 0.106 −0.121 −0.019

OSIVQ-1, object imagery; OSIVQ-2, visual imagery; OSIVQ-3, verbal imagery; E, extroversion; N, neuroticism; PNQ, preference for nature; CNS, connectedness to nature; PANAS, P, positive and negative affective status, positive emotions; PANAS, N, positive and
negative affective status, negative emotions; FDS, forward digit span; BDS, backward digit span; NML, number of missing landmarks; SQRTCO, square root of the canonical organization (accuracy considering the NML); CA, canonical accuracy (accuracy not considering
the NML); PRS-1, being away; PRS-2, fascination; PRS-3, coherence. aGender was a dichotomous variable (1 = female, 2 = male). *p < 0.05; **p < 0.01; ***p < 0.001.
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FIGURE 1

Perceived restorativeness as a function of (A) connectedness to nature and (B) extraversion.

nature as dependent variables. No predictors were significant in
these models (R2 ranging from 0.092 to 0.145, all p < 0.05)
(Supplementary material).

4. Discussion

This study newly explored the association between individual
characteristics (connectedness to nature, preference for a natural
environment, personality, visuospatial preferences) and perceived
restorativeness after walking in a garden. Individual differences in
explaining benefits to affect and memory, and to spatial learning
(sketch map task) were -newly- examined too.

Our results indicated that participants’ connectedness with
nature related to their perceived restorativeness and its constitutive
domains (in line with Berto et al., 2018), and their preference
for nature also correlated with the restorativeness domains
of Being away (psychological distance from daily stress) and
Fascination (effortless attention to the nature). In other words,
people with a greater affinity for natural (over built) environments
tended to report restorative experiences of exposure to nature
(Aim 1). Our results also indicated an association between
personality and perceived restorativeness: in line with the literature,
extraversion was associated with perceived restorativeness and
its Being Away domain (Johnsen, 2013; Felsten, 2014; Subiza-
Pérez et al., 2021), while neuroticism was not (Johnsen, 2013).
There was no association between visuospatial preferences
and restorativeness, possibly because such preferences are less
involved when people interact with restorative experiences of
nature than in environment learning processes (Blazhenkova and
Kozhevnikov, 2009). Interaction with nature may involve other
factors that contribute to the recovery of cognitive resources
from attention depletion when in a natural environment (in

n2p = 0.003]. Regarding memory, the significant main effect of time, with
improvement from pre- to post-test, emerged for short-term memory [FDS;
F(1,79) = 9.968, p = 0.002, n2p = 0.112], but not for working memory [BDS;
F(1,79) = 2.578, p = 0.112, n2p = 0.032]. Descriptive statistics are provided in
the Supplementary material.

line with ART). Future studies should try to further clarify this
picture.

Our regression analyses confirmed the contribution of some
individual characteristics to the restorative effect of nature, with
connectedness to nature and extraversion having a major role
in explaining overall perceived restorativeness. The restorative
effect of nature increases with higher levels of connectedness to
nature, and this inclination to feel part of the natural world
also seems to reflect how individuals perceive restorative benefits
(Berto et al., 2018) when in a natural environment. A greater
tendency to focus on positive episodes in individuals higher
in extraversion (Anglim et al., 2020) might also lead them to
interact actively with the environment, thereby perceiving the
restorativeness of nature. In short, the overall restorative effects
of nature seem to be caused not only by environmental properties
(Ulrich, 1983; Kaplan, 1995), but certain individual characteristics
also contribute to how people perceive the restorativeness of
nature.

There was no such involvement of individual characteristics
in the benefits associated with exposure to nature (Aim 2). The
positive effects on affect and memory of individuals interacting with
nature seem, at least here, independent of individual differences
(as considered here). The benefits to affect and memory revealed
different interactions with nature: short-term memory benefits did
not correlate with affective changes (Schertz and Berman, 2019),
while working memory benefits and spatial memory performance
correlated with positive affective changes. Such differences found
here might lead to different resources being needed to accomplish
memory tasks. Our short-term memory task demanded attentional
resources (in line with ART), whereas the WM task and the
sketch map task need more active cognitive-control resources to
actively process information and, for the visuospatial measure to
locate landmarks previously encountered walking in the garden
on its layout. Benefits in the latter memory tasks (WM, sketch
map task) may also derive from the additional support of
positive emotions–as positive affect sustains cognitive/memory-
controlled processing (Yang et al., 2013). Regarding the sketch
map task, the object imagery score (as measured by OSIVQ-
1) was correlated with greater landmark positioning accuracy
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(as measured by SQRTCO). Individuals who have the preference
to form a visual image report greater accuracy in landmark
positioning after nature exposure. Furthermore, the object imagery
score (as measured by OSIVQ-2) was correlated with fewer missed
landmarks (as measured by NML): people who are more prone
to form visual image of elements/objects were also those who
recall more landmarks (with few missed landmarks) after being
in the nature. These results are consistent with previous evidence
of an association between sketch map performance accuracy and
cognitive processing abilities (such as WM) and attitudes to
navigation (e.g., pleasure in exploring; Muffato et al., 2020; see also
Meneghetti et al., 2014). A link was also found between benefits
to WM and the Fascination domain of restorativeness, suggesting
that greater benefits to WM related to effortless attention elicited
by exposure to nature. Future research will need to untangle all
the processes underlying the benefits associated with exposure to
nature.

Some limitations of this study need to be mentioned.
Our participants could freely navigate the garden. This can
promote the restorative effects of the environment because
some people will have gone to the areas they found most
attractive/pleasant, but others may have only glanced at (and
superficially represented in their mind’s eye) some areas of the
garden. Future studies should compare individual differences in
restorativeness for people exposed to both natural and built
environments (the latter for control purposes) or other activities
(viewing images/videos) and different natural environments (urban
garden, wilderness). Future studies should also replicate our
results including a larger sample size to get robust estimates
of the effects of interest. Since definitions of personality can
vary across theoretical approaches (Eysenck’s model: Eysenck,
2004; Big Five model: Caprara et al., 1993; HEXACO model:
Ashton and Lee, 2007), further studies could extend our
results considering other personality dispositions depicted by
other useful instruments (such as the Big Five Questionnaire;
Caprara et al., 2008). It is also worth noting that restorative
environmental properties are typically in function of a given
natural environment see Menardo et al. (2021), and our study
focused on associations between perceived restorativeness and
individual characteristics in people directly exposed to a garden.
Within this purpose, the PRS-11 (Pasini et al., 2014) is considered
as a valid tool for measuring restorativeness when individuals
are -still- exposed, or right after being exposed, to a natural
environment (like the garden used here), rather than prior to
exposure to a natural environment. Nonetheless, to confirm
the present results and to better capture the role of perceived
restorativeness, future studies should include other self-report
(Berto et al., 2018) or objective/behavioral measures (Lin et al.,
2014) which assess restorativeness levels both before and after
nature exposure.

Noteworthy, we attempted to account individual differences
for restorativeness and benefits after a single 50-min session of
nature exposure. However, the time of exposure to nature is still
an aspect debated in the literature (Barton and Pretty, 2010).
Systematic reviews have suggested that laboratory studies reported
benefits in stress level and cognition after a few seconds or
minutes of exposure to nature (Yao et al., 2021). Field studies,
in contrast, adopted both short-term (range of time: 10–210 min,
Yao et al., 2021; 10–90 min; Mason et al., 2021) and long-term

exposure (i.e., months, years) by visual access or frequency to
greenspace (de Keijzer et al., 2016; Ricciardi et al., 2022) and find
benefits. Thus, future studies should deepen the role of exposure
to nature. It is also plausible that, alongside the basic psychological
mechanisms of restorativeness (in line with ART) and/or through
the physiological deactivation (in line with SRT), other individual
factors might interact with the time of exposure, such as being
engaged with natural activities (e.g., camping, sport exercises)
or the familiarity with a given natural environment (Ricciardi
et al., 2022). Further, as our participants were unfamiliar with
the garden of Villa Revedin Bolasco, it would be interesting to
clarify the contribution of both frequency and familiarity with this
“restorative” garden. These variables will need to be into account
in future studies. Finally, considering the cross-sectional nature of
the present study, a follow-up assessment to examine the role of
individual characteristics and differences over long-term exposure
to nature merits to be assessed.

In conclusion, this study showed that also individual
characteristics should be considered when examining the perceived
psychologically restorative effect of being in a natural environment.
After walking in a garden, the perceived restorativeness correlates
with being more extravert and connected to nature. The benefits
of nature to some aspects of memory (i.e., working memory) and
affect (positive emotions) are also associated with how well the
environment is recalled.
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