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Abstract: The urban forest is not only an essential part of maintaining the security of the urban
ecosystem but also an important restorative environmental site that benefits the physical and mental
health of residents. In this research, a natural experiment was designed in Beijing in order to
evaluate the urban forest environment in terms of visual, auditory, and olfactory senses, and the
effects of psychosocial restoration in urban forest environments were tested. On this basis, a Partial
Least Squares-Structural Equation Model was structured to verify the “environment-perception-
restoration mechanism”. The findings showed that the urban forest environment was the main cause
of the differences in residents” psychological restoration and the natural environment perception,
while the natural environment perception directly impacted residents” psychological restoration
and mediated the relationship between the urban forest environment and psychological restoration.
Therefore, Beijing needs to further optimize the landscape, sound, smell, and other environmental
elements of urban forests and create a peaceful and spacious urban forest open space, considering the
environmental perception preferences of urban residents, to improve the psychological restoration
effect of urban forests.

Keywords: urban forest environment; psychological restoration; environmental perception; natural
experiment

1. Introduction

As an ecosystem with human society as the main body and territorial space and vari-
ous facilities as the environment, the city is the sum of the natural and social environments.
While the accelerated pace of global urbanization in recent years has largely improved
medical conditions and thus human health, it has been accompanied by a growing number
of urban problems, including environmental pollution, changes in the types of work and
lifestyle, and changes in diet and daily activities, which pose significant challenges to the
health of urban residents [1]. Currently, nature-based solutions are an important concept in
building sustainable cities internationally [2]. The urban forest is a green infrastructure for
sustainable urban construction [3]. As an important component of modern cities and a cor-
nerstone for maintaining the security of urban ecosystems, urban forests play an important
ecological function in carbon sequestration and oxygen release, landscape beautification,
noise reduction, urban heat island effect reduction, and pollutant absorption [4]. At the
same time, the urban forest, as an important restorative environment, is close to urban
residents and is an indispensable place for people to get close to nature in their daily lives,
playing a special role in promoting healthy bodies for residents, especially in alleviating
people’s bad moods, reducing mental fatigue, and providing other psychological recover-
ies [5]. In recent years, urban forests in China have developed rapidly. According to The
People’s Republic of China Yearbook, 2022, the green space rate of the urban built district
across China reached 38.70% in 2021 [6]. However, against the background of the rapid
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growth of the urban forest “quantity”, whether its spatial distribution can meet the needs
of the sustainable socio-economic development, and whether its environmental quality can
act to improve the physical and mental health of residents, have become the key constraints
for the scientific construction and governance of urban forests.

The urban forest environment, as an important space for environmental restoration
and an important place for residents to engage with nature, improves human well-being in
a variety of ways [7]. Vision, hearing, and smell are the three senses through which people
most directly perceive their environment, and urban forests also positively affect residents’
psyche primarily through these perceptible environmental elements, i.e., landscape, sound,
and odor. Though several researchers have proven the importance of urban forest environ-
ments for residents” mental health, environmental elements and resident perceptions have
led to the variability in psychological restoration in urban forest environments. If we focus
on increasing the quantity without improving the quality and do not focus on the residents’
sense of experience in the urban forest environment, the psychological restoration effect
that the urban forest environment has on residents will not achieve the expected effect.
Some studies have collected the evaluation and preferences of experiencers in terms of
visual, auditory, and olfactory senses, respectively, through methods such as Scenic Beauty
Evaluation (SBE) [8-10]. Other studies have focused on the overall sensory evaluation of
the environment [11-13]. On the whole, the variations in the psychological restoration of
urban forest environments are derived from the “top-down” planning and design of envi-
ronmental elements and the “bottom-up” perceptual evaluation of residents. In order to
achieve environmental restoration in urban forests, governmental departments should not
only plan for the formation of near-natural or semi-natural urban forest communities [14]
based on the concepts of ecosystem services [15] and near-nature [16], but also focus on
the perceptible attributes of the environment and aim to effectively enhance people’s s
well-being [17].

In this study, we constructed the analytical framework of the “environment-perception-
restoration mechanism” for urban forests, and corresponding hypotheses were proposed.
Then, a Partial Least Squares-Structural Equation Model (PLS-SEM) was constructed to
analyze the effect mechanism of the urban forest environment on residents’ psychological
restoration based on the experimental data of Beijing, China. Finally, the role of natural envi-
ronment perception in influencing residents” psychological restoration was investigated by
examining the mediating effects of natural environment perception. Accordingly, planning
and design measures in the perception dimension of the urban forest environment were
proposed to enhance the restoration effect of Beijing’s urban forests, thereby improving the
residents’” mental health.

2. Theoretical Analysis and Hypotheses
2.1. Restorative Environment

In the mid-19th century, Olmsted, a master of urban landscape design, discovered
that the natural landscape of cities positively affected the psychological health of city
dwellers. Since then, the theoretical concept of restoration has gradually received the
attention of researchers in environmental psychology [18]. The concept of a “restorative
environment” was first introduced in the 1980s by Kaplan and Talbot at the University of
Michigan, who found that wilderness life had a restorative function for most people [19].
Kaplan thus defines “restorative environment” as an environmental setting that helps
people recover and renew from physical and mental exhaustion and the negative emotions
associated with stress [20]. The recovery processes that can be observed, such as positive
shifts in mood, decreased levels of voluntary arousal, improvements in the completion
of directed attention tasks, and other changes, are dependent on the individual’s use of
needed resources [21]. Subsequently, Kaplan and Ulrich et al. conducted a series of further
theoretical and empirical studies on restorative environments and proposed the Attention
Recovery Theory (ART) and Stress Reduction Theory (SRT) [20,22]. These two fundamental
theories have been widely applied in the environmental psychology field.
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At present, studies have demonstrated that human contact with nature is expected to
promote mental health, improve mood, and even improve physical health [23,24]. Nature
can be effective in helping people recover from stress or attention fatigue [25-27]. In the
initial studies, experiments were biased toward comparing the differences between natural
and artificial spaces (urban environments) as a way to emphasize the restorative nature
of the natural environment [21,28,29]. In fact, any environment that is restorative can be
restorative [20]. Urban environments, which are designed, have the same stress-reducing
and mood-elevating abilities as natural environments [30,31]. Therefore, it is necessary
to pay attention to areas with natural elements in the city, such as parks and street green
spaces in cities, which have a more direct relevance to people’s daily use and thus act in the
healthy life of people, compensating for the health problems caused by the lack of nature
in cities [32-34].

2.2. Urban Forest Environment and Psychological Restoration

As a significant component of the urban environment, the urban forest has a close
relationship with the health and well-being of city dwellers, and the effect of the urban
forest environment on psychological restoration is impacted by a variety of factors in
a combined manner (Figure 1). On the one hand, urban forest environments can have
psychological benefits. A growing number of studies from different perspectives such
as plant volatiles, ecological product services, and horticultural therapy have shown that
urban forest environments can provide relaxation and leisure for urban residents; improve
people’s quality of life and thus reduce depression and anxiety levels; alleviate mental stress
and mood disorders; and contribute to positive emotions [22,35-37]. In recent years, some
studies have further measured psychological responses using stress perception scales and
self-assessment based on SRT to increase the reliability of the findings [38,39]. According
to a summary analysis of current studies, urban green spaces, including urban forests,
could affect the mental health of residents by affecting people’s emotions, stress, social
interactions, and neighborhood satisfaction [40]. In addition, urban green spaces can also
improve residents” happiness in living and working [41,42]. On the other hand, urban forest
environments can also produce cognitive benefits. Kaplan hypothesized that exposure to
nature could reduce mental fatigue by stimulating non-physically demanding unconscious
cognitive processes [26]. Subsequently, studies have further confirmed that green spaces
such as urban forests not only help people to recover energy [20] and eliminate visual
fatigue but also help to stimulate creativity [43]. Even casual contact with nature can
help people to relax and improve cognitive functions [44,45]. In addition, it has been
proved that the urban forest environment can help improve the cognitive function and
academic performance of children and adolescents, enhance memory ability, and improve
life skills [44,46]. At the same time, some scholars have developed the Perceived Restorative
Scale, Restoration Outcome Scale, and other scales in order to evaluate the restorative effect
of the environment [47,48]. In general, most studies have shown that there is a positive
correlation between urban green space and residents’ psychological well-being, but the
existing research lacks the causal relationship between these two, especially in terms of the
mechanisms of influence. Combined with the above analysis, Hypothesis 1 is proposed.

Hypothesis 1 (H1). The urban forest environment has a significant positive effect on psychological
restoration.

2.3. Environmental Perception and Psychological Restoration in Urban Forests

The ways in which forest environments improve human physical and mental health are
many [7], and even small stimuli can have some positive impact. Currently, the recognized
beneficial environmental factors include a more comfortable microclimate, cleaner air,
softer light, quieter acoustics, and certain types of Biogenic Volatile Organic Compounds
(BVOCs) [49]. In addition, some studies have gradually recognized the importance of
subjectivity as much as objectivity. Studies have been conducted in several research areas
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using the Semantic Differential (SD) method to extensively explore residents’ perceptions
of the forest environment in terms of the composition, function, and design [50,51].
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Figure 1. The analytical framework of the “environment-perception-restoration mechanism”.

Differences in forest environments also influence people’s evaluation and selection
preferences. Forest landscapes, sounds, and smells, as influences affecting physical and
mental states, can be intuitively perceived, and studies evaluating their quality through
subject feedback are becoming deeper and more refined [52]. Therefore, the Perceived
Sensory Dimensions (PSD), a bottom-up approach to environmental evaluation, is widely
used [11-13]. Some scholars have further identified eight different natural-environment per-
ception dimensions based on theories such as ART, SRT, and Biodiversity Theory [53], which
apply to a variety of landscape types [12], such as urban parks [54], urban forests [55], natu-
ral forests [56], etc. The following hypotheses are proposed according to the above analysis.

Hypothesis 2 (H2). The urban forest environment has a significant positive effect on natural
environment perception.

Hypothesis 3 (H3). Natural environment perception has a significant positive effect on psycholog-
ical restoration.

In summary, although newly built or renovated urban forest environments can meet
residents’ daily needs to be close to nature and restore their psychological health, there is
great heterogeneity in the psychological recovery effects of urban forests because of the
differences in residents’ natural environment perception. Based on the above analysis, the
urban forest environment influences residents’ psychological restoration through natural
environment perception. Accordingly, Hypothesis 4 is proposed.

Hypothesis 4 (H4). Natural environment perception mediates the effect of the urban forest
environment on residents’ psychological restoration.

3. Materials and Methods
3.1. Experimental Sites

The western region of Beijing is mountainous, rich in forest resources and diverse
landscape types. The local government announced a number of urban forests that have
potential for therapeutic recreation in the Western Hills area of Beijing after inspections.
Based on this, we further investigated and considered the geographic location, air quality,
landscape configuration, vegetation types, and other factors of the urban forests. Three
urban forest parks with dense forests and different landscapes from the list announced
by the local government were chosen for the study: Fenghuangling Forest Park, Yangtai
Mountain Forest Park, and Baiwang Mountain Forest Park. Among them, Fenghuangling
Forest Park is rich in natural landscapes, and the park is mainly planted with pines,
cypresses, ginkgoes, and mountain apricots. Yangtai Mountain Forest Park has many old
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and famous trees, mainly cypresses, ginkgoes, and maples. Baiwang Mountain Forest
Park is rich in vegetation levels, with many greasy pines and cypresses, as well as colorful
foliage species such as Cotinus coggygria. Figure 2 shows the actual views of the three
experimental sites on the morning of the experimental days.

(@)

(b) Yangtai Mountain Forest Park (c) Baiwang Mountain Forest Park

Figure 2. Actual views of the three experimental sites on the morning of the experimental day.

The physical environment of the forest changes dynamically throughout the day, and
the air anion content of the forest is higher in the morning and evening than at other
times of the day during the spring in Beijing [57]. Considering the distance between the
three experimental sites, it was not possible to complete the experiment in the morning
of the experimental day. Therefore, we selected the mornings of 25 March, 26 March, and
28 March 2023, respectively. Meanwhile, we reminded participants to try to maintain a
regular life during the experimental days to avoid affecting the results. While participants
were undergoing the urban forest experience, two of our researchers used a temperature
and humidity anemometer (NK-5500, Kestrel, Albuquerque, NM, USA) to measure air
temperature, relative humidity, and wind speed at the experimental sites, a digital noise
meter (TES-1350R, TES, Taiwan, China) with an A-weighting gear to measure the average
sound pressure level at the experimental sites, and a forest atmospheric ion meter (DLY-
5G, Kilter, Fujian, China) to measure air anion. As shown in Table 1, the urban forest
environment experience on the experimental days felt comfortable, with good weather
conditions and relatively stable atmospheric states.

Table 1. Objective physical environment indicators between three experimental sites.

. . o e o0 Wind . Air
Date Experimental Site Temperature/°C Humidity/% Speed/(m-s—1) Noise/dB Anion/cm-—3
25 March 2023 Fenghuangling Forest Park 13.40 33.90 0.72 45.48 561.00
26 March 2023 Yangtai Mountain Forest Park 14.10 17.75 0.67 43.11 508.50
28 March 2023  Baiwang Mountain Forest Park 13.80 34.80 0.80 37.16 53.50

3.2. Participants

We recruited 41 participants (including 22 university student volunteers and 19 social
volunteers) to complete three experimental tests through online and offline recruitments in
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Beijing. The inclusion criteria were people aged 18 and above, and enrollees who thought
it was difficult to walk in the forest park were excluded. All participants had normal vision
and color vision, hearing and smell were at normal levels, and none of them had cognitive
or psychiatric disorders. There were 21 males (51.22%) and 20 females (48.78%) who
participated in the study, with a wide distribution of subjects in terms of age, occupation,
and income, making the study somewhat generalizable. In addition, all participants had
prior forest experiences but had not visited an urban forest in the last six months (i.e.,
October 2022 to March 2023). Participation in the study was voluntary, and every subject
signed the informed consent document.

3.3. Measures

The full questionnaire, presented in Appendix A, consists of four parts, including
the Demographic Information, the Urban Forest Environment Semantic Evaluation Scale,
the Perceived Sensory Dimension Scale [55], and the Restoration Outcome Scale [39]. The
language of all questions was Chinese, with the Perceived Sensory Dimension Scale and
the Restoration Outcome Scale using Chinese versions developed by Chinese researchers
to enable better understanding and use by participants.

3.3.1. Environmental Indices

The perceptible urban forest environment can be measured in three dimensions: visual,
auditory, and olfactory. We set up six pairs of adjectives reflecting the visual environment,
six pairs of adjectives reflecting the auditory environment, and five pairs of adjectives
reflecting the olfactory environment, and each set of descriptions was adjusted to meet
the purpose of the study. Each item was measured using a 5-point Likert scale which
ranged from —2 (closer to the left side description) to 2 (closer to the right-side description).
Based on this scale, the participants evaluated the urban forest environment in different
experimental areas.

3.3.2. Perceptual Indices

The PSD scale was used to examine the participants’ perceptions of how they perceive
different natural environments. The scale consists of eight different dimensions with
recognized reliability [53,55,58]. Each dimension was followed by additional descriptions
to facilitate participants’ understanding. The 5-point Likert scale (1 = completely disagree,
5 = completely agree) was used for all questions.

3.3.3. Psychological Indices

The Restoration Outcome Scale (ROS) is a valid scale for studying the effects of
recovery. This scale reflects the outcome of subjective environmental resilience and includes
three dimensions of clearing thoughts, attention restoration, relaxation and calmness. There
are six items in total [39,48,59,60]. All questions were asked on a 5-point Likert scale (1 =
completely disagree, 5 = completely agree).

3.4. Experimental Design and Survey Procedure
3.4.1. Preparation and Introduction

Before conducting the experiment, all participants were informed regarding the pur-
pose and process of this research, the confidentiality of the experimental data, and how
to reach the investigators. Participants declared that they volunteered to participate and
understood that they could discontinue participating at any time and with no consequences.
In addition, we randomly divided 41 subjects into three groups, and they filled out the
Demographic Information.

3.4.2. Going to the Experimental Site and Stress Induction

On the morning of each of the three urban forest experience days, three guides led the
subjects to the experimental site together by car. On the way;, all subjects were not allowed
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to use electronic devices, such as mobile phones, and the guides played the same music to
create a uniform environment for subjects, keeping them as undisturbed as possible by the
outside environment. Upon arrival at the experimental site, participants gathered in the
designated open area at 9:15 a.m. A stress induction before the urban forest experience was
necessary to ensure, as much as possible, that all 41 subjects were under stress at the same
time. Existing research practices include asking subjects to visualize mentally exhausting
scenarios [61], the Stroop test [62], going through an exam [63], etc. Considering the
convenience and comprehensibility of stress induction outdoors, we finally used the Stroop
test, also known as the “Color Word Conflict Test”, which requires subjects to restrain
the brain’s inherent habit and quickly identify colors in the presence of word meaning
interference [62]. The use of the Stroop test in this experiment could generate a certain
amount of stress by allowing all participants to focus their attention and task their brains
quickly for a short period of time.

3.4.3. Experience and Restoration

Three groups of subjects were led by three guides and entered the experimental area
at 9:30. They were not allowed to carry cell phones and were asked not to talk to each other
during the experiment. Forest walking and forest meditation are often used as essential
activities for forest therapy [64,65]. Walking in a forest environment can increase vitality
and reduce fatigue [66]. Forest meditation can reduce unnecessary attention [67] and has
a significant stress-reducing effect [68]. Furthermore, it has been shown that staying in a
natural environment for more than 15 min produces the best recovery effect [69]. Therefore,
in this study, the subjects first walked freely on the designated trail for 30 min, avoiding
fast walking, running, and other behaviors that might affect the results of the experiment,
and then they sat quietly in the designated area for 30 min. Throughout the experience,
all subjects carefully observed the sights in the forest, listened to insects and birds, and
breathed in the fresh air and smells of the forest. During the second half of the meditation,
the subjects further mobilized the three senses of sight, sound, and smell by referring to
the questions on the Urban Forest Environment Semantic Evaluation Scale and the PSD
scale, and they completed the questionnaire. Finally, after two stages of experience in the
urban forest environment, the subjects completed the ROS within two minutes with their
feelings. Figure 3 takes Baiwang Mountain Forest Park as an example and represents the
experimental procedure which is divided into four stages in total: Gather, Stroop Test,
Forest Walking, and Forest Meditation.

1 09:15 Gather

09:25 Stroop Test

. _(2_9330—10:0 ) Forest Walking

-=- Experimental path

Starting site for each step of the experiment

Figure 3. Schematic diagram of the experimental procedure in Baiwang Mountain Forest Park.
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3.5. Data Analysis Strategy
3.5.1. Missing Data and Outliers Checking

We first estimated the missing data and subsequently used them in the data analysis.
Missing values of the Urban Forest Environment Semantic Evaluation were imputed using
the median value (0 or 1). Missing values of the PSD and the Sensory Dimensional ROS
were estimated using the median value (4). In addition, we identified data that were
extreme outliers, purposely wrong, or had typos, and then we dropped them.

3.5.2. Model Construction

PLS-SEM was utilized to analyze causal relationships and impact pathways between
the urban forest environment, natural environment perception, and psychological restora-
tion, providing an expanded space for the study of urban forests as a restorative environ-
ment. PLS-SEM is suitable for this study because PLS path modeling avoids the issue of
a small sample size [70,71]; additionally, the aim of this research is to discover and test a
proposed research model [72]. In addition, PLS-SEM applies to models including second-
order constructs [73], and mediating effects could be analyzed better using PLS-SEM [74].
A complete PLS-SEM is composed of the outer model, which characterizes the association
between latent and manifest variables, and the inner model, which describes the association
among unobserved or latent variables [75]. The outer models are typically composed of
two equations that are expressed as shown in Equations (1) and (2).

X=AZ+0 1)

Y=Ayy+e )

In Equation (1), ¢ is an exogenous latent variable that describes the urban forest
environment. A, denotes the factor loading matrix of the exogenously observed variable
on the exogenous latent variable. X stands for the exogenously observed variable, and &
denotes the error term of the observed variable. In Equation (2), # is an endogenous latent
variable that describes natural environment perception and psychological restoration. Ay,
denotes the factor loading matrix of the endogenously observed variable on the endogenous
latent variable. Y stands for the endogenously observed variable, and ¢ denotes the error
term of the observed variable.

Using internal models, we analyzed the causal relationships between three latent
variables: urban forest environment, natural environment perception, and psychological
restoration. Equation (3) shows the expression of the structural model.

n=By+I¢+¢ ®)

In Equation (3), B denotes the matrix of coefficients for natural environment perception
and psychological restoration. I' represents the effect of exogenous latent variables on
endogenous latent variables, while { denotes the residual vectors, which represent the
unexplained part of the equation.

The parameters of the outer and inner models were estimated using the Smart PLS
software (version 3.2.9, SmartPLS GmbH, Oststeinbek, Schleswig-Holstein, Germany)
using PLS path modeling and a path weighting scheme for the inner approximation [76,77].
Moreover, a nonparametric bootstrap implemented in Smart PLS 3.2.9 was used to obtain
the standard errors of the estimates through 1000 replications and constructed level change
preprocessing [76,77]. In addition, we modeled the hierarchical structure through the three
steps shown in Figure 4.
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First-order latent variables, i.e., Visual Environment, Auditory Environment, and Olfactory Environment, were constructed and relate them to their
respective block of manifest variables (Visual Environment: MV1 -MVs; Auditory Environment: MV7 — MV12; Olfactory Environment: MV 13 — MV17)
using Mode A(reflective) in their outer model. The loadings represent the first-order loadings.

Visual Environment Auditory Environment Olfactory Environment

MWV1 MV MV; MV MVs MVs MV MVs MVs MVio MVu MV MVis MV MVis MVis MV

The second-order latent variables are now constructed by setting up an outer model consisting of the blocks of manifest variables of the first-order latent
variables (for Urban Forest Environment, this means all manifest variables; the dashed lines represent the secondary loadings). The first-order latent
variables (Visual Environment, Auditory Environment, and Olfactory Environment) are now related to the second-order variable (Urban Forest

Environment) as formative dimensions. This inner model represents the second-order loadings.

-

MV: MVs MVs MV MVs MVs MV
-

Urban Forest Environment

Visual Environment Auditory Environment Olfactory Environment

MV MV2 MV MV MVs MVs MV7 MVs MVs MVio MVu MV MVis MV MVis MVis MV

Finally, the hierarchical model can now be estimated using PLS path modeling. We obtain estimates for the first-order loadings, second-order loadings,
and structural parameters. A nonparametric bootstrapping procedure may be used to obtain standard error and calculate t statistics for inferential purposes.

The psychometric properties of the latent variables and the structural relationships can now be assessed.

Urban Forest Environment

Visual Environment Auditory Environment Olfactory Environment

MVi MV2 MV MV MVs MVs MV MVs MVs MVio MVu MV MV MVie MVis MVis MV

Figure 4. Steps for Constructing a Hierarchical Latent Variable Model Using PLS Path Modeling. The
numbers (1, 2, 3) indicate the order of steps.

4. Results
4.1. Overall Evaluation across the Three Experimental Sites

The results of the environmental indices are presented in Figure 5. As for the visual
environment, the three experimental sites were considered to have high and well-organized
tree covers, creating a spatial sense of tree clusters but at an average level in terms of
landscape match. The experimental process was in the spring, the colors of the forests
were more diverse, and under the sunlight, the understory was bright but not blinding.
In terms of the auditory environment, the participants heard more sounds from nature,
which were soft and accompanied by the chirping of insects and birds. Experiencers were
able to immerse themselves better. Regarding the olfactory environment, the participants
found the odors of all three urban forests to be relatively fragrant and integrated but not
very special, and the aromatic odors had a short retention time. Overall, however, the
participants were satisfied with the current olfactory environment.

The results of the participants’ perceptions of PSD are presented in Figure 6. At first,
all three experimental sites (4.171 £ 0.115, 4.220 £ 0.108, and 4.171 + 0.115) were perceived
in the social dimension. For space, Yangtai Mountain Forest Park (4.415 £ 0.105) was the
highest, while Fenghuangling Forest Park (4.220 £ 0.108) was the lowest. In the nature
dimension, all three experimental sites had a high degree of nature, with Baiwang Mountain
Forest Park having the highest (4.707 &= 0.087). In terms of refuge and culture, none of the
three experimental sites scored more than 4.1, indicating that these two dimensions are not
obviously perceived. For the prospect dimension, all experimental sites scored more than
4, with Yangtai Mountain Forest Park (4.463 £ 0.093) being considered the experimental
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site with the most expansive view. In the serene dimension, Yangtai Mountain Forest
Park (4.341 £ 0.119) and Baiwang Mountain Forest Park (4.341 £ 0.114) scored higher,
and Fenghuangling Forest Park (4.220 £ 0.089) scored slightly lower than the former. In
addition, only Fenghuangling Forest Park (4.122 + 0.112) and Yangtai Mountain Forest
Park (4.146 £ 0.124) scored more than 4 in the rich-in-species dimension, suggesting
that participants were unable to clearly perceive this environmental attribute at Baiwang

Mountain Forest Park.
140 &

8 -1
1560
5850
960
1560
6590
5080
6590
T
L260
vZ0T
06ET
000T
8.80
1560
S B
8 £
@t
€101
et
ozTT
e
Sl
LE5T
LEST
wrt
LIET
¥58°0
@t

1.00
0.80
0.60
0.40
020
0.00

= se10

Landscape Match Space Forest Cover Orderliness Color Coloration Source of Sound Volume Integration Activity Comfort Tmmersion
Temperature
(a) The visual environment of three experimental sites. (b) The auditory environment of three experimental sites.
140 i:
é - 3 R
8

1.00 >
0.80
o.e0 e o

£ g
0.40

E | Fenghuangling Forest Park
0.20
. Yangtai Mountain Park

0.00 =

Satisfaction . Baiwang Mountain Forest Park

niqueness Aromaticity Integration

~0.40

&
8
2
»J'——< 0000
0zT0- »—m
&

orT0—

~0.60 é
2

() The olfactory environment of three experimental sites.

Figure 5. The urban forest environment of three experimental sites. 7 = 41; Mean =+ Standard error.

S
F N 2 F
5.00 3 =] D o PO
s8t | 558 =3 . 583  ptk 5 5
450 583 8 i w £33 s EEy
. 3 2 o B S8
T 2 B . o & v ~
4.00 Sz &
w
3.50 1
3.00
2.50
2.00
1.50
1.00
0.50
0.00
Social Space Nature Refuge Prospect Serene Culture Rich in species

= Fenghuangling Forest Park m Y angtai Mountain Forest Park = Baiwang Mountain Forest Park

Figure 6. The PSD evaluation of three experimental sites. n = 41; Mean + Standard error.



Forests 2023, 14, 1986

11 0f 22

As shown in Figure 7, as for the psychological restoration, relaxation and calmness had
high scores in all three experimental sites (3.724 £ 0.082, 4.046 &+ 0.063, and 3.943 £ 0.074)
from three dimensions. In terms of the experimental sites, Yangtai Mountain Forest Park
had the highest scores in all three dimensions of clearing thoughts (3.902 £ 0.088), attention
restoration (3.780 £ 0.102), and relaxation and calmness (4.046 £ 0.063), indicating a
strong level of restoration. In addition, Fenghuangling Forest Park (3.171 &+ 0.140) had
the lowest score for attention restoration. However, all scores of psychological restoration
were above 3, which indicates that the most participants positively evaluated the three
restoration experiences.
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S w o o o
8 e 9 w o & 2

w ¥} o =] o N w

4.00 a = = 2 = L
& I o < ae
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3.00
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2.00

1.50

1.00

0.50

0.00
Clearing thoughts Attention restoration Relaxation and calmness

Fenghuangling Forest Park ™Y angtai Mountain Forest Park Baiwang Mountain Forest Park

Figure 7. The psychological restoration of three experimental sites. nn = 41; Mean =+ Standard error.

4.2. Reliability and Validity Analyses

We used Cronbach’s alpha (CA) to examine the reliability of the findings. The results
are shown in Table 2; every observed variable in the questionnaire had a CA that was
greater than 0.7, which means good reliability [78,79]. In addition, composite scale relia-
bility (CR) [80,81] and average variance extracted (AVE) [81] were calculated to assess the
reliability of the questionnaire. All AVE exceeded the critical value of 0.40 when the CR was
greater than 0.80 [81], which indicated that both reliability and convergent validity were
acceptable. Moreover, as shown in Table 3, the results further confirmed the discriminant
validity of the Heterotrait-Monotrait ratio (HTMT) [82]. The HTMT values were all below
0.90 [83], thus supporting the discriminant validity.

Table 2. Reliability and validity test results.

Latent Variable Manifest Variable Loading CA CR AVE
Urban Forest Environmental Assessment

Landscape Match [MV1] 0.807

Space [MV2] 0.769

. . Forest Cover [MV3] 0.828
Visual Environment Orderliness [MV4] 0.655 0.833 0.879 0.551

Color Temperature [MV5] 0.568

Coloration [MV6] 0.793

Source of Sound [MV7] 0.722

Volume [MV8] 0.682

. . Integration [MV9] 0.733
Auditory Environment Activity [MV10] 0607 0794 0854 0495

Comfort [MV11] 0.732

Immersion [MV12] 0.737
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Table 2. Cont.

Latent Variable Manifest Variable Loading CA CR AVE
Uniqueness [MV13] 0.772
Aromaticity [MV14] 0.787
Olfactory Environment Length of Fragrance [MV15] 0.702 0.813 0.870 0.573
Integration [MV16] 0.810
Satisfaction [MV17] 0.709
Urban Forest Environmental Perceptiveness
Social [MV18] 0.594
Space [MV19] 0.684
Nature [MV20] 0.745
Natural Environment Refuge [MV21] 0.621
Perception Prospect [MV22] 0.518 0.784 0.840 0.403
Serene [MV23] 0.774
Culture [MV24] 0.440
Rich in species [MV25] 0.634

Urban Forest Environmental Restorative

Clearing thoughts [MV26] 0.933

Psychological Restoration = Attention restoration [MV27] 0.830 0.870 09120 0.793
Relaxation and calmness 0.905
[MV28] '

CA, Cronbach’s alpha; CR, Composite reliability; AVE, Average variance extracted.

Table 3. Discriminant validity assessment: Heterotrait-Monotrait (HTMT) ratios.

Natural

Construct Ylsual Al‘.ldltOI'y Ol_factory Environment Psychologlcal
Environment Environment Environment . Restoration
Perception
Visual Environment
Auditory Environment 0.6992
Olfactory Environment 0.8975 0.6438
Natural Environment Perception 0.5328 0.4503 0.3611
Psychological Restoration 0.6142 0.5777 0.5722 0.7391

4.3. Model Path Analysis

PLS-SEM uses the R? values (explained variance) in the causal structure for assessing
the explanatory strength of the structural model. Among them, the construct of the urban
forest environment accounted for 19.5% of the variance in natural environment perception.
A total of 52.1% of the variance in psychological restoration was accounted for by urban
forest environment and natural environment perceptions. It shows that, for this study, the
theoretical model constructed has a moderate level of explanatory ability that allows for
path regression analysis [82].

The pathways through which the urban forest environment affected residents’ psy-
chological restoration were analyzed using the PLS-SEM constructed above (Figure 8).
Regarding the second-order factor of the urban forest environment, the path coefficients
from the basic first-order factors of the visual environment, auditory environment, and
olfactory environment to the urban forest environment were 0.443, 0.344, and 0.369, respec-
tively (Table 4), and all of them were significantly positive at the 1% level. Among them,
compared with auditory environment and olfactory environment, the path coefficient of the
visual environment was the largest, and its contribution to the urban forest environment
was the most prominent. This indicates that, for residents, the landscape state of an urban
forest, such as landscape match, forest cover, and coloration, more prominently reflects the
environmental characteristics of the urban forest, as well as being an essential dimension
for residents to evaluate the urban forest environment. The CR and CA of the urban forest
environment were 0.918 and 0.904, both of which were higher than the recommended
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threshold value of 0.70. Moreover, the correlations among the first-order factors were high,
which ranged from 0.527 to 0.743. The correlations between the first-order factors and
the path coefficients from the first-order factors to the urban forest environment implied
that the urban forest environment was influenced by these first-order factors, and they
were thus formative dimensions of the urban forest environment [81,84]. In summary, the
findings supported the formative measurement model of the urban forest environment as a
second-order factor and its three dimensions as first-order indicators.
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Figure 8. PLS-SEM of psychological restoration of urban forests. *** indicate 1% significance levels.

Table 4. Model path results and explanatory ability of constructs relationships.

Constructs Path Coefficients SE p-Value Boot LLCI Boot ULCI R? Value Hypotheses
VE to UFE 0.443 *** 0.026 0.000 0.397 0.501 - -
AE to UFE 0.344 *** 0.030 0.000 0.280 0.400 - -
OE to UFE 0.369 *** 0.020 0.000 0.327 0.408 - -
UFE to PRL 0.376 *** 0.062 0.000 0.252 0.493 - Supported
UFE to NEP 0.441 *** 0.088 0.000 0.282 0.624 - Supported
NEP to PRL 0.472 % 0.069 0.000 0.327 0.592 - Supported
NEP - - 0.017 0.080 0.390 0.195 ** -
PRL - - 0.000 0.422 0.643 0.521 *** -

*** and ** indicate 1% and 5% significance levels, respectively. VE, Visual environment; AE, Auditory environment;
OE, Olfactory environment; UFE, Urban forest environment; PRL, Psychological restoration; NEP, Natural
environment perception.

Meanwhile, we tested all hypotheses according to the outcomes of the model path
coefficients. As indicated in Table 4, hypotheses H1, H2, and H3 were supported by the
standardized path coefficients of the model. The standardized path coefficient between
the urban forest environment and psychological restoration was 0.376 (significant and
positive at 1% level), which indicated that each 1-unit increase in the urban forest envi-
ronment increased the residents’ psychological restoration by 0.376 units, validating H1.
It demonstrated that enhancing the environmental setting of the urban forest (including
the sights, sounds, and smells), especially the visual environment, can attract residents to
experiences, which in turn makes them feel the forest, relax, and relieve stress, ultimately
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restoring their mental state [85]. The standardized path coefficient between the urban forest
environment and natural environment perceptions was 0.441 (significant and positive at
1% level), which showed that each 1-unit increase in the urban forest environment led to an
increase of 0.441 units in residents’ natural environment perception, validating H2. It indi-
cated that as the environment is optimized in the urban forest, the strength of the residents’
perceptions of the natural environment here will increase accordingly. The standardized
path coefficient between the natural environment perception and psychological restoration
was 0.472 (significant and positive at 1% level), which implied that each 1-unit increase in
natural environment perception was associated with an increase of 0.472 units of residents’
psychological restoration, validating H3. It reflected that the higher the residents’ perceived
senses of the natural environment here, the more deeply they can feel the uniqueness of
the urban forest environment and have a better restorative experience, resulting in a more
pronounced psychological recovery effect [13].

In addition, among the eight dimensions of natural environment perception, the
standardized path coefficients of serene (0.774) and nature (0.745) were larger than those of
other dimensions, and both were higher than 0.7, which not only indicated that the urban
forest environment influenced the residents’ perception of serenity and naturalness to a
greater extent, but also indicated that the residents’ perception of serenity and naturalness
also played a more significant role in the psychological restoration. Regarding psychological
restoration, the standardized path coefficient of attention restoration (0.830) was relatively
low compared to clearing thoughts and relaxation and calmness. This may be due to the
fact that residents, when they are in the urban forest environment, are more concerned with
relaxing and clearing their minds in the short term, whereas attention restoration will be
reflected in their commitment to work and study after the experience.

4.4. Intermediary Effect Analysis

We supplemented the analysis by examining whether the effect of the urban forest
environment on psychological restoration was mediated by natural environment perception.
The results showed a positive relationship between the urban forest environment and
psychological restoration without the natural environment perception variable, with a
significant direct path from the urban forest environment to the psychological restoration in
the model (3 = 0.583, p < 0.01). In addition, natural environment perception was included
as a mediating variable in the model. It was found that the effect of the urban forest
environment on the psychological restoration was still significant ( = 0.376, p < 0.01).
However, the absolute value of the path coefficient from the urban forest environment to
the psychological restoration was much smaller than the former.

To discover the pathways by which the urban forest environment affects residents’
psychological restoration, we further analyzed its mediating effects. Table 5 shows the
results. None of the confidence intervals for the direct, indirect, and total effects of the
urban forest environment on residents’ psychological restoration with natural environment
perception as a mediating variable contained 0, demonstrating a partial rather than a full
mediating effect of the urban forest environment on residents’ psychological restoration.
This suggests that differences in urban forests” psychological restoration between residents
are generated by the residents’ natural environment perception.

Table 5. Standardized test results between latent variables.

Hypothesis Effect Test Item B SE p-Value Boot LLCI Boot ULCI
Direct effect UFE = PRL 0.376 *** 0.062 0.000 0.252 0.493

. UFE = NEP 0.4471 *** 0.088 0.000 0.282 0.624
Indirect effect NEP = PRL 0.472 #* 0.069 0.000 0.327 0.592
Total effect UFE = PRL 0.584 **+ 0.058 0.000 0.470 0.696

*** indicates 1% level of significance. UFE, Urban forest environment; PRL, Psychological restoration; NEP, Natural

environment perception.
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The resulting PLS-SEM showed that the urban forest environment had an impact
on residents” psychological restoration via a mechanism (Table 6). The mediating effect
of natural environment perception (i.e., “environmental perception mechanism”) was
0.208 (significant and positive at 1% level). It suggests that the urban forest environment
significantly increased residents’ psychological restoration through the “environmental
perception mechanism”, further revealing the profound impact of residents’ natural envi-
ronment perception on psychological restoration [13] and validating H4.

Table 6. Results of mediated path tests between latent variables.

Mediation Analysis B SE p-Value Boot LLCI Boot ULCI

UFE = NEP = PRL  0.208 *** 0.040 0.000 0.142 0.302

*** indicates 1% level of significance. UFE, Urban forest environment; PRL, Psychological restoration; NEP, Natural
environment perception.

5. Discussion

The impact of forests on psychological well-being is a research topic that has received
a great deal of attention. However, relatively few studies have explored the association
between urban forests and psychological restoration with respect to the visual, auditory,
and olfactory environmental characteristics of urban forests, and few have investigated
the mediating effect variables that explain how urban forests affect recovery outcomes.
This study aimed to test the theoretically established “environment-perception-restoration
mechanism” through the effects of urban forest environment and natural environment
perceptions. In addition, it was hypothesized that natural environment perception pos-
itively mediated the relationship between urban forest environment and psychological
restoration. Using PLS-SEM modeling techniques, the direct and indirect relationships were
examined, and we proved significant associations between urban forest environment and
natural environment perceptions with psychological restoration. Through this modeling,
we were able to characterize nearly 55% of the variance in psychological restoration and
show that urban forest environments can provide a psychologically restorative experience.
The exploration of the “environment-perception-restoration mechanism” of urban forests
provides an empirical evidence basis for the promotion of residents” mental health in urban
forest environments, as well as a direction for the development of forest therapy in Beijing.

5.1. Environmental Features and Psychological Restoration in Urban Forests

The PLS-SEM results indicated a significant positive effect between the urban forest
environment and psychological restoration. The experience of the urban forest involves the
perceptual sensory system [53], which reflects the feelings of the experiencers. Subjective
feelings are different from objective measurements, which directly contribute to human
well-being by measuring indicators such as temperature, humidity, and negative ion content
in urban forests. In practice, the subjective perception of residents is equally important,
and residents can only achieve better physical and mental relaxation if they personally
feel the uniqueness of the urban forest environment. In contrast to existing research, this
study reinforced the observations through scoring the experience of the visual, auditory,
and olfactory environments of urban forests. Significant differences in the effects of the
visual, auditory, and olfactory environments of urban forests on residents’ psychological
restoration were demonstrated. Urban forest environments with a high percentage of forest
cover, a unique landscape match, soft and immersive sounds in the forest, and aromatic
odors in the forest can have a notable impact on residents’ psychological restoration.
Notably, of the three types of environments: visual, auditory, and olfactory, the visual
environment has a more prominent restorative effect and exerts a greater influence. This
indicates that the landscape state of urban forests more directly reflects the environmental
features of forests, and the visual impact of urban forests on residents can produce more
significant psychological restoration. Therefore, it is important for Beijing’s urban forests
to focus on relying on richer landscape resources, shaping a superior visual recreation



Forests 2023, 14, 1986

16 of 22

environment, enhancing people’s visual experience, and thus improving the healing effect
of forests in China’s capital city.

5.2. Environmental Perception and Psychological Restoration in Urban Forests

Understanding which environmental qualities have a major influence on the psycho-
logical restoration of residents is important for optimizing and managing urban forest
environments [53,56]. It has been shown in several studies that the PSD scale can offer
reliable outcomes in evaluating the sensory perceptions of environments such as urban
green spaces [13,54,55]. Therefore, in this study, we incorporated PSD as a natural envi-
ronment perception into the “environment-perception-restoration mechanism” analytical
framework of urban forests, and we collected subjects” perceptual evaluations of eight
dimensions at three experimental sites. This approach not only helped us to explore the
influence of environmental perception on psychological restoration but also helped us to
identify the important environmental qualities that contribute to psychological restora-
tion. The PLS-SEM results showed that the perception of the natural environment had a
direct influence on the psychological restoration of the residents [86,87], and among the
eight dimensions, the serene and nature dimensions had the highest contribution, and the
influence on the psychological restoration was higher than that on the other dimensions.
Overall, the depth perception of the urban forest is a key factor in promoting psychological
restoration. Urban forest environments that gave a stronger sense of serenity and nature
had higher psychological recovery effects. In addition, it was found that natural environ-
ment perception played a partial mediating role in the relationship between the urban
forest environment and psychological restoration. This suggests that natural environment
perception is a mechanism that enables experiencers to perceive the unique beauty of the
urban forest and, in turn, gain positive psychological restoration. This provides evidence
that positive forest experiences and restorative effects are realized through the multisensory
perception of the urban forest environment. Therefore, Beijing’s urban forests should pay
more attention to the noise reduction effect of forests and actively create natural spaces to
promote the effective utilization of the therapy function of forests.

5.3. Suggestions

Accordingly, it is necessary to further optimize and enhance the urban forest envi-
ronment in terms of residents” perception of the natural environment, combined with
the visual, auditory, olfactory, and other environmental characteristics of urban forests,
to promote the development of a synergistic enhancement of urban forest and residents’
mental health [88].

First, the landscape design of the urban forest should be optimized. We discovered
that the visual environment is the environmental dimension that has the most significant
impact on the residents’” environmental perception and psychological restoration. Therefore,
the focus should be on relying on the existing rich landscape resources and continuously
improving the forest coverage, enriching plant species and vegetation colors, shaping
a more superior visual environment, and guaranteeing the uniqueness and restorative
nature of the urban forest landscape. Second, a pleasant sound environment of the urban
forest should be created. Different sounds through the human auditory function will
bring different feelings. Our study found that a serene environment can promote the
psychological restoration of residents. For this reason, plants with noise-reducing functions
should be planted, and the sounds of nature should be used more to create a comfortable
auditory landscape, thus enhancing the sense of belonging of those who experience it and
bringing inner peace. Third, the olfactory environment of urban forests should not be
ignored. In this study, although odor did not play a major role in psychological restoration,
clean air and aromatic and volatile substances emitted by plants are beneficial to the human
body [49]. Therefore, flowers and trees with a light fragrance and which are beneficial to the
human body can be planted to create a healthy, clean, and restorative scent environment.
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5.4. Limitations and Future Research

In spite of the contribution of this study, several limitations should be noted. First, the
experiments of this research were all focused on the spring, and no follow-up experiments
were conducted for all seasons. In the future, researchers can conduct long-term experi-
ments while maintaining the consistency of the experimental design to explore changes in
the urban forest environment under seasonal changes, including the changes in vegetation,
temperature, humidity, and other important factors, and the impacts on psychological
restoration effects. Second, this experiment mainly used psychological scales to collect
relevant data and lacked the collection of objective data. In the future, researchers can
incorporate relevant physiological indicators on this basis and obtain objective data such as
heart rate, blood pressure, finger temperature, etc. through professional medical equipment
to enhance the accuracy of the data. Finally, to obtain the subjective real feelings of the
subjects, this study adopted the field natural experiment method, which lacks controlla-
bility to a certain extent. Subsequently, 35S technology, VR equipment, and eye trackers
can be introduced to conduct virtual experiments to achieve real-time monitoring and
convenient data collection of the urban forest environment and human behaviors based on
comprehensive consideration and setting of multi-sensory perception.

6. Conclusions

Urban forests play an important role in enhancing residents’ physical and mental
health. A framework of psychological restoration in the urban forest environment was ana-
lyzed in this study based on ART and SRT. Using the experimental data in Beijing, China,
we constructed a PLS-SEM to quantify the mechanisms of psychological restoration of the
urban forest environment. The major conclusions in this research include: (1) Urban forest
environments should be designed to take into account people’s sensory experience and
create a more restorative environment in terms of landscape, sound, and smell, especially
from the visual perspective, thereby ensuring that residents are restored within the urban
forest. (2) The effect coefficient of the urban forest environment on natural environment
perception was 0.441, while that on residents” psychological restoration was 0.376, indi-
cating that an overall environmental setting for urban forests enhances the intensity of
residents’ perception of the environment here, especially the sense of serenity and nature.
This may further attract residents to experience it in-depth and thus promote the recovery
of mental health. (3) The impact coefficient of natural environment perception on residents’
psychological restoration was 0.472, indicating a significant positive influence of residents’
perceived senses on restorative experience. By optimizing the factors of the perceptual
sensory dimension of urban forests, residents” psychological recovery can be improved.
(4) The urban forest environment can significantly affect residents’ psychological restoration
through the “environment-perception-restoration mechanism”. Residents with a relatively
low perception of the natural environment may not have a better psychological recovery.
With the aim of further improving the perceptibility of the urban forest environment and
residents’ mental health, Beijing must optimize the environmental elements of urban forests
to make sure that the health benefits of urban forests are truly realized.
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Appendix A
Appendix A.1. Demographic Information
(1) Your gender is:

A. Male B. Female
(2) Your ageis:

A.18-30 years old B. 3140 years old C. 41-50 years old D. 5165 years old E. >65 years old
(3) Your occupation is:

A. student B. Famer C. Retiree D. Freelancer E. Worker
F. Business manager G. Professional H. Public official I. Self-employed

(4) Your average monthly income is:

A. <3500 ¥ B. 3501-5000 ¥ C. 5001-8000 ¥
D. 8001-15,000 ¥ E. 15,001-20,000 ¥ F. >20,000 ¥

Table A1l. Urban Forest Environment Semantic Evaluation Scale.

Sensory Dimension Item -2 -1 0 1 2
Landscape Match Common Unique
Space Spacious Clustered
Visual Envi Forest Cover Sparse Lush
isual Environment Orderliness Scattered Staggered
Color Temperature Shady Bright
Coloration Single Multicolored
Source of Sound Man-Made Natural
Volume Loud Softly
. . Integration Clamorous Coordinated
Auditory Environment Activity Dull Energetic
Comfort Harsh Gentle
Immersion Estranged Immersed
Uniqueness General Special
Aromaticity Pungent Fragrant
E Ollfactory Length of Fragrance Short-Lived Ongoing
nvironment Integration Adulterated Converged
Satisfaction Disgusted Obsessed
Table A2. Perceived Sensory Dimension Scale.
Dimension Description Scale
Social Here is an environment suitable for social activities. 1 2 3 4 5
Space This is a spacious and undisturbed environment. 1 2 3 4 5
Nature The sensation of wilderness and nature. 1 2 3 4 5
Refuge Here is an enclosed and safe environment. 1 2 3 4 5
Prospect Here is an open space with a wide view. 1 2 3 4 5
Serene Here is a silent and peaceful environment. 1 2 3 4 5
Culture Many artificial elements are decorated here. 1 2 3 4 5
Rich in species Many animals and plants around here. 1 2 3 4 5
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Table A3. Restoration Outcome Scale.

Dimension Item Scale
Clearing I can forget everyday worries here. 1 23 45
thoughts Visiting here is a way of clearing and clarifying my thoughts. 1 2 3 4 5
Attentl(?n My concentration and alertness clearly increase here. 1 23 45
restoration
Relaxation and I feel calmer after being here. 1 2 3 45
calmness After visiting this place I always feel restored and relaxed. 12345

I get new enthusiasm and energy for my everyday routines
12345
from here.
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