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Abstract: The increasing density of cities poses a huge threat to public health, so pocket parks with
high accessibility and flexibility have become potential resources to promote public health. In this
context, the ways in which pocket parks can improve public health have become the focus and
challenge of current research. This study selected 10 different types of pocket parks in Fuzhou,
China, as the research subjects and collected real-time psychological and physiological data of
participants by watching videos of the sample plots. The aim was to explore the impact of the
environmental characteristics of pocket parks on the psychological and physiological responses
of recreational users. The results of the study showed that: (1) the environmental characteristics
of pocket parks significantly affect the psychological and physiological responses of recreationists.
Different environmental characteristics can affect recreationists” emotional state, attention recovery,
environmental preferences, and the indicators of IBI, HR, SDNN, RMSSD, pNN50, SCL, and EMG
to varying degrees. (2) The environment of pocket parks may encourage recreationists to generate
positive psychological benefits when the site is larger and has a higher degree of scenic beauty, and
when the space is not effectively confined. A pocket park environment with a low paving ratio, open
view, cultural elements, topographic changes, special vegetation and distributing space can also have
a positive effect on the psychological benefits of recreationists to a certain extent. Low canopy density
and high green visibility can also play a role in suppressing negative emotions. (3) Pocket parks
with high levels of depression and off-site disturbance are not conducive to positive physiological
responses from recreationists, while pocket parks with high levels of green visibility and beauty and
specialized vegetation are more likely to provide health benefits to them.

Keywords: pocket parks; EAPRS; emotional states; environmental preferences; restorative evaluation;
HRV; SCL; EMG; biopsychological benefits

1. Introduction

The World Health Organization (WHO) predicted in 2014 that more than 70% of the
worldwide population will live in cities in the next 30 years [1]. With the rapid growth
of total population and population density in the process of urbanization, most cities
have to be densely populated. In addition, this trend is closely related to the compact
city development approach. In the history of the debate over the “compact city” and
“sprawled city”, most scholars have believed that the former can promote the efficient use
of urban resources, which is in line with the future development of cities [2]. However,
this assertion was made on the basis of some Western low-density cities (some Western
cities in the 1950s to 1960s under the impetus of suburbanization in the dispersed form of
low-density development, thus leading to the proposition of urban development of high-
density compact cities, the smart growth strategy), which does not apply to most developing
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countries that are experiencing the process of agglomeration-type urbanization. Urban
densification has brought about a series of problems in the utilization of resources, such as
land, energy, transportation, buildings, and the environment, and therefore high-density
cities are the urban status quo in most developing countries, and are mostly regarded as
an “urban problem” [3]. Rapid changes in the living environment and associated lifestyles
have presented significant threats to public health [4].

Investments and the construction of urban parks and green spaces have been in-
creasing worldwide [4]. WHO recommends measures such as increasing the number and
accessibility to promote the use of parks and green spaces to improve the health of res-
idents [1]. Cities in many developed countries have incorporated parklands into urban
planning and healthcare policies to safeguard their residents’ health [5]. However, for most
high-density cities, it is tough to calculate the “increase and decrease” in the park green
space problem, especially for large park green spaces in the city center (e.g., city-level
and regional-level comprehensive parks); the measures needed to be taken are extremely
challenging. The increase in urban population and the expansion of gray land have gradu-
ally reduced the per capita area of existing green space, and the difficulty and cost of new
construction are also increasing, although often only at the planning level [6]. Under such
circumstances, the marginalization of large parks and green spaces has become a more
common phenomenon, and the “miniaturization” and “fragmentation” of parks and green
spaces in urban centers has been a gradual trend [1,6-8].

Influenced by the irreversible trends of urbanization and high density, pocket parks,
an essential form of urban park green space, can be flexibly arranged in streets, alleys, and
other scattered open spaces. Their advantages, including large numbers, wide distribution,
accessibility, and relative ease to renovate, make them potential resources for “public health
interventions based on the natural environment” [2]. Urbanization has been shown to have
a strong negative impact on urban biodiversity, reducing the diversity and abundance of
organisms such as birds and butterflies [9]. Pocket parks, on the other hand, provide a
relatively protected environment for urban wildlife, providing green space for birds and
butterflies to breed, feed and migrate, and have become a habitat for many urban wildlife
species. As of now, there is no precise definition of the area of a pocket park. Normally, the
area of urban pocket parks is approximately equivalent to one to three homesteads [10].
Based on the size of pocket parks summarized by previous scholars and practical cases
of pocket park construction [10-12], this study defines the area of urban pocket parks as
400-8000 m?.

Urban green spaces are recognized as an essential public mental health resource
because of their ability to restore mental fatigue and relieve psychological stress [13—15].
Overall, urban green spaces can contribute to mental health recovery in two ways. On
the one hand, green spaces can alleviate stressors that can harm people’s mental health,
such as air pollution and noise [16]. Previous research has found that exposure to air
pollution causes an increased risk of autism disorders and that exposure to various air
pollutants, especially particulate matter (mainly PM;5), causes cognitive dysfunction,
neurodevelopmental deficits, and ETCs [17,18], which exert significant negative impacts on
mental health. Studies have shown that vegetation such as trees and grass can improve air
quality with the help of the adsorption of particulate pollutants, thus reducing mental stress
and promoting psychological recovery [19]. On the other hand, green spaces can directly
or indirectly reduce psychological stress responses, promote psychological empowerment,
and improve mental health. Compared to road space surrounded by buildings, a short walk
along an urban road surrounded by London Plum, Cherry, or Sycamore trees significantly
reduces tension, confusion, and anxiety [20]. Lawns and parks are better at reducing
psychological stress levels compared with squares [21]. This reflects the direct effect of
green space on reducing psychological stress, but the mechanism of occurrence has not
been clearly studied. Meanwhile, green spaces and natural vegetation have a mental
arousal effect [7], which can further enhance physiological levels and promote mental
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health. Kurt Beil’s research reveals that observing vegetation can evoke positive emotions,
reduce attentional fatigue, and improve brain conditions [22].

Public anxiety, stress, depression, and other psychological problems are closely related
to the urban environment [13]. In recent years, with pocket parks becoming an essential part
of the urban environment and extremely important to people’s lives, the number of papers
related to them has increased year by year. Relevant research entered a fast-developing
stage in 2019 [23], and at this point an interdisciplinary combination of practical research
became dominant [24-27]. Although the current research on pocket parks has entered a
rapid development stage, overall the research related to the public health benefits of pocket
parks is still stuck regarding psychological questionnaires for landscape evaluation. With
the development of society and the innovation of science and technology, the means of
landscape evaluation have gradually shifted to the assessment of the compound effect of
human response and landscape, as well as the exploration of the process and mechanism
of human perception. While current domestic research on pocket parks seldom evaluates
people’s perceptions of the landscape comprehensively in terms of psychological and
physiological multidimensionality, this research obtained data more scientifically and
intuitively with the help of questionnaire surveys and physiological feedback technology,
combining quantitative research and qualitative research.

Considering the limitations of previous studies and the necessity of improving the
environment of urban pocket parks, this study selected pocket parks in Fuzhou, China, as
experimental sample sites, screened and quantified the environmental features of pocket
parks, explored the effects of different environmental features on the psychological and
physiological responses of recreationists by using experimental comparative research
methods, and analyzed which pocket parks with which environmental features have more
positive benefits for human health.

2. Materials and Methods
2.1. Overview of the Study Areas

Fuzhou (located between 25°15’ N and 26°39’ N, 118°08’ E and 120°31’ E), the capital of
southeastern China’s Fujian province, is located in the southeast of Fujian province. Fuzhou
is the political, cultural, and transportation center of Fujian Province, and also an important
city along the southeast coast of China. Fuzhou has a superior geographical position, facing
the Taiwan Strait to the east, and is the nearest provincial capital city from the Chinese
mainland to Taiwan (Figure 1). Fuzhou has a typical subtropical monsoon climate, warm
and humid, with plenty of sunshine, abundant rainfall, slight frost and no snow, and long
summers and short winters; the average annual precipitation is 900~2100 mm, and the
average annual temperature is 20~25 °C (68~77 °F). Its topography is characteristic of
estuarine basins, dominated by mountains and hills. This study defines the research area as
pocket parks in Fuzhou city, including pocket parks and recreational gardens (strip parks
and street green spaces) with an area of 400-8000 m?. According to the planning texts and
subsequent field research, it was found that a large number of pocket parks have been built
in Fuzhou. Pocket parks are frequently visited and have high research feasibility, which is
highly significant and valuable in research. Choosing Fuzhou city as a research area could
provide scientific suggestions for urban pocket parks.

Given the large number, different styles, and scattered distribution of pocket parks
within the research area, it was necessary to select a number of representative objects for in-
depth analysis. Referring to the sampling methods of relevant studies, a “gradually focused”
sampling process was developed, consisting of three steps: technical analysis, including
a comprehensive review, field investigation, including classification and screening, and
a determination of research samples [7,28]. A total of 74 parks were found to meet the
preset sampling “standards”, and 10 of them were selected as research samples, numbered
501~510 (Figure 2).
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Figure 2. S1-510 sample plots.

2.2. Environmental Characteristic Index Selection and Data source

Considering the lack of attention given to environmental characteristics in previous
environmental behavior research, Saelens et al. developed the Environmental Assessment
of Public Recreation Spaces (EAPRS) [29]. The EAPRS method and its conclusions have
been widely used in related studies [30-32]. Peschardt recently applied it to identify
physical elements of concern in the Danish pocket park use study [33]. The study used
the remaining 9/40 items for the next step of the analysis after excluding a number of
entries that applied only to the integrated park and those that appeared in one or all
of the study subjects (where it was not possible to attribute the behavioral changes to
specific elements in the data statistics). Inspired by this, based on the actual situation of the
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sample, this paper adopted 12 EAPRS elements as evaluation indicators. The percentage
paved and canopy density were measured and calculated through the OVI interactive
positioning platform; the green visibility was measured through the Cat’s Eye Quadrant
mini program. Cat’s Eye Quadrant is a WeChat mini program that performs simple and
repetitive recognition and counting tasks for researchers. The system is based on image
recognition technology that takes photos of the research area, and calculates the average,
maximum, and minimum green visibility within the program based on the project. The
scenic beauty was determined by inviting 17 doctoral students in landscape architecture to
evaluate the photos of 10 sample plots and conducting statistical calculations. According to
the SBE evaluation method proposed by American environmental psychologists Daniel
et al., a scale reflecting the quality of landscape units can be obtained by measuring
users’ aesthetic attitudes towards plant landscapes [31]. The indicators were selected from
four aspects: (a) unattractive to charming; (b) unhappy to pleasant; (c) anxious to calm;
(d) uncomfortable to comfortable (each number from 1 to 7 represents a different degree,
such as unattractive scenery—charming: 1 represents unattractive, 7 represents charming;
numbers between 2 and 6 represent different degrees of unattractive or charming, with
numbers closer to 1 indicating less attractive, and closer to 7 indicating more charming).
The presence or absence of spatial containment, wide field of vision, topographic changes,
cultural elements, leisure facilities, special vegetation, distributing space and external
off-site interference through on-site observation could be evaluated.

In addition, it was found that the larger the site area, the more conducive it was
to meeting user needs; the site perimeter/area ratio has an essential impact on the use
behavior, and when it is too slender or dispersed the user experience will be significantly
compromised, especially for small sites [7,28]. This shape index was further developed
into the site area/equivalent perimeter circle ratio, which, in turn, was controlled between
0 and 1, indicating a more compact site when closer to 1. Therefore, the two indicators of
site area and site shape were also included in the environmental indicators of this study.
The content of the variables and data sources are shown in Table 1.

Table 1. Content and data source of environmental characteristic variables in pocket parks.

Level 1 Variables  Level 2 Variables Variable Content Data Sources
. . . — . Ovi Interactive
Site area Remote sensing orthographic projection area of the site Positioning platforms
. . . . Ovi Interactive
Site shape Shape index Shape index developc;d fror? the ratflo of site area/circular Positioning platformsformula
area of equal circumference conversion
Percentage paved  The area occupied by eachlsttyle of ground pavement/total Ovi Interactive
plotarea Positioning platforms
Canopy density Total projected area of tree canopy at ground level in direct
(%) sunlight/total plot area
Green visibility Proportion of objects seen by people’s eyes that are green Cat’s eye quadrant
(%) plants applet
Scenic beauty (%) Degree of scenic beauty Expert questionnaire
Spatial Whether the site space is effectively delimited, cohesive,
Containment independent or private
EAPRS elements
Wide field of Whether the range of space that the human eye can see
vision when it fixates on a point or a patch is open or not
Topographic . .
changes Changes in the topography of the site as a whole or locally

Cultural elements

Sculptures, fountains, stone carvings and other humanistic
elements

Leisure facilities

Pavilions, porches, arbors, etc., other than ordinary seats

Special vegetation

Flower border, shrub, or tree shape, etc.

Distributing space

Open space with an area larger than 20 m x 20 m

Off-site
interference

Degree of disturbance from people, traffic, etc. outside the
park

On-site observation
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2.3. Physiological and Psychological Response Indicator Measurement Experiments
2.3.1. Experimental Objects

The sample size was estimated using G *Power 3.1.9.2 software by setting the effect
size f = 0.25, the alpha error probability value to 0.05, and the statistical efficacy to 0.8,
estimating the total sample size to be at least 27 individuals [34].

The official experiment took place in September 2022. Previous studies have shown that
involving college students as research participants is both extensive and scientific [35-37].
Finally, 50 college students were recruited as subjects in the formal experiment. There were
22 males and 28 females, with an average age of (24.6 £ 3.2) years. The admission criteria
were as follows: (1) subjects were healthy and had no history of cardiovascular disease;
(2) subjects had not taken any drugs within one week and had no history of mental or
neural diseases; (3) it was the first time that subjects had participated in such an experiment;
and (4) subjects needed to sign their informed consent.

2.3.2. Experimental Design

Wearing the instrument for a long time while exposed to outdoor experiments will
increase the subject’s anxiety and tension, affecting the experimental data and the field
experimental environment of the interference factors. In order to control variables, the
field recording video was selected and then taken back to the laboratory for the study.
Ten sample plots were filmed on June 2022, choosing 8:00-12:00 and 14:00-16:00 time
periods, and using a Canon 700D for video recording in the sample plots to choose a more
open space in the location, mounted on a tripod with a height of 1.5 m for fixed-point
recording with a single recording time of not less than 5min.

The experiment was conducted in a repeated measures ANOVA design, with pocket
parks with different environmental characteristics as the independent variable and subjects’
physiological and psychological responses as the dependent variables. In order to control
irrelevant variables in the experiment, a set of sample video sounds was selected as the
uniform background sounds for ten sets of sample videos.

2.3.3. Selection of Experimental Equipment and Indicators
(1) Physiological response

The ErgoLAB intelligent wearable human factors platform of Jinfa Technology Co.
(Beijing, China). was used to collect the blood volume pulse (PPG), electromyography
(EMG), and electrocorticography (EDA) data of the subjects and transmit the data to a
computer through the wireless data collection system to realize the real-time recording,
displaying, and analyzing of the signals. The sampling rate of PPG and EDA is 64 Hz, and
the sampling rate of EMG is 1024 Hz. Figure 3 shows the ErgoLAB intelligent wearable
human factors platform.

(@ One of the effects that environmental stimuli have on an individual is to alter the
individual’s arousal level. The skin conductance level (SCL) refers to the absolute value
of skin electricity (also known as basic skin conductance) between two points on the skin,
which is an effective indicator to measure arousal level. The SCL enables the observation of
changes in people’s sympathetic nerve activity and levels of emotional arousal and is not
subject to parasympathetic innervation [38]. It has been shown that sympathetic activity
can be increased within 2 min [39]. This index has been widely used as a measure of mood
in environmental experiences [39,40].

(@ Heart rate variability (HRV) refers to the variation in cycle-to-cycle differences of
heartbeats and is a valid indicator for assessing autonomic function and cardiac load [41].
In this study, we used the time and frequency domain analysis in the typical HRV analysis,
and the indexes’ significance is shown in Table 2.

(® Facial electromyography (EMG) refers to the electrical signals accompanying the
nervous system'’s control of facial muscle activity (contraction or relaxation) and is a sen-
sitive indicator of emotional pleasure [42]. Generally speaking, when the facial frowning
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muscle stops contracting, it is presented as a relaxed state. This study collected the evalua-
tion indexes using normalized mean values in pV.

EMG

Electromyography
Electrode patch sensor

y PPG

| .= Photoplethysmography

Wearable ear clip sensor
_~

EDA
Electrodermal Activity
Wearable finger sensor

Figure 3. ErgoLAB intelligent wearable human performance platform.

Table 2. HRV indicators and significance.

Norm Hidden Meanin Physiological Significance
8 Y 8 8
. Reflects the amplitude of the ECG signal, a value
Interval between adjacent normal P &
IBI R wave]s that correlates with blood pressure and can be
used as an indicator of mood classification
HR Number of heartbeats per minute Reflects individual physiological states and
in quiet state levels of arousal and stress
Reflects the slowly changing component of HRV
. . Standard deviation of normal R-R and is related to parasympathetic and
Tlnalrelﬁogil: mn SDNN/ms interval sympathetic activation. The greater the standard
¥ deviation the higher the HRYV, and vice versa.
Root mean square of the An indicator of parasympathetic activity, and
RMSSD/ms difference between two increased parasympathetic activity increases
neighboring R-R intervals RMSSD
Pce;cent?gléeRo'f tth © m;mbgtrhof Reflecting abrupt changes in the R-R interval
PNN50/% achacen liervais with a provides a more timely and accurate reflection of
difference of >50 ms to the total . L
number of RR intervals parasympathetic activity.
Low frequency bands of heart rate
LF variabilit Reflects sympathetic tone.
(0.04~0.15 IYI ) o
.04~0. z
Frequency domain High frequency bands of heart Reflects the strength of parasympathetic
. HF & q y & parasymp
analysis rate variability(0.15~0.4 Hz) modulation.
LE/HF Ratio of LF to HF Reflects the regulatory balance of the autonomic

nervous system.

(2) Psychological response

The data on the psychological response aspect of this study were obtained by means
of a questionnaire, which consisted of the following three main sections:

(D Parsimonious Observations of Mood Scale (POMS). This has been widely used to
assess the performance of respondents’ mental states during environmental experiences [43,44].
The POMS is also known as the Profile of Mood States (PMS) and is designed to measure
the real-time psychological feelings of a person in a natural environment. The 30-item scale
is designed to assess six emotional states: anger (A), confusion (C), depression (D), fatigue
(F), tension (T), and vigor (V). The scale had internal consistency Cronbach alpha values
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ranging from 0.62 to 0.82 in a study with a sample of Chinese people [45]. Each item is
rated on a 0—4 (hardly ever-very much) scale, with the mood disorder score TMD = (T + F
+ A+ C + D) — V, with higher scores indicating higher negative mood states, i.e., a more
disturbed, depressed, or dysfunctional mood, and vice versa for positive mood states.

@ Attention Recovery Scale (PRS). Hartig constructed the “Attention Recovery Scale”
to measure environmental restorative qualities and psychological perceptions based on the
four major properties of the Attention Recovery Theory (Distance, Charisma, Extensibility,
and Compatibility) proposed by Kaplan S and Kaplan R. In a follow-up study, Hartig
combined the concepts of consistency and legibility to integrate a measure that could
reasonably represent extensibility and improved the missing items of the original PRS
scale [46]. Wang Xinxin et al. reviewed the reliability and validity of the Chinese version
of the PRS, which is suitable for urban park restorative assessment, with a homogeneity
reliability Cronbach’s o value of 0.80-0.91 [47].

® Environmental Preference Scale. Environmental preference is an evaluation that
refers to the tendency of users to prefer a particular environment [48,49]. Kaplan believes
that people’s environmental preferences originate from the evolution of past species, and
the environment that individuals prefer is more likely to meet their needs so they have
a strong desire to integrate into it [50]. Meanwhile, Kaplan et al., from the perspective
of information and needs, pointed out that landscape environments characterized by
consistency, complexity, legibility, and mystery are more likely to elicit preferences [50].

The Attention Recovery Scale in the questionnaire designed in this study draws on
the modified scale of Huang Zhangzhan et al. and consists of 18 items in 4 dimensions
of distance, extension, charm, and compatibility, and the Environmental Preference Scale
draws on the studies of Huang Zhangzhan et al. and Li Yinghong et al. and consists
of 14 items in 4 dimensions of consistency, legibility, complexity, and mystery in the
Environmental Preference Scale [51,52]. Both of the above scales measure question items
using a 7-point Likert scale method, with options consisting of 1 (strongly disagree) to
7 (strongly agree).

2.3.4. Experimental Procedures

The experimental period was from 13 to 27 September 2022, and both experiments
were conducted in the time periods of 8:00-12:00 and 14:00-17:00. There was only 1 main
subject and 1 subject in the laboratory, to try to avoid the interference of irrelevant factors.
The experimental photographs are shown in Figure 4. The specific experimental procedure
was as follows. (1) The subject arrived at the laboratory and rested for 5 min to calm the
heartbeat and respiration; (2) after a detailed explanation of the experimental steps and
the use of the instrument, the subject was put on the instrument for the baseline collection
of blood volume pulse (PPG), electromyography (EMG), and electrocorticography (EDA)
(3 min), during which the subject was asked to maintain a comfortable sitting posture,
avoid significant body movements such as head rotation, and remain silent and relaxed,
and was not allowed to use electronic products, sleep, etc.; (3) the video of the sample
site started to play (5 min), the subject watched it in a comfortable seated position, and
physiological data were continuously recorded during the process; (4) after the viewing, the
equipment was removed and the subject filled in the psychological response questionnaire;
(5) after a 3 min break, steps (3)—(4) were repeated until 10 sets of sample site videos had
been viewed (Figure 4).

2.4. Data Analysis Methods

After the physiological data had been extracted and exported using ErgoLAB for signal
eigenvalue, all data were entered and analyzed using SPSS 23.0 software. The data were
analyzed using Pearson correlation analysis, which is a statistical analysis method used to
study whether there exists some dependence between environmental characteristics and
the physiological and psychological responses of the subjects and to explore the direction
of correlation and statistical analysis method of correlation degree. A positive correlation
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is considered to exist when the direction of change of the two variables is the same. A
negative correlation is considered to exist when the direction of change of the two variables
is the opposite [2]. When p < 0.05, it is considered to have a significant correlation.

Calm the heartbeat and
respiration (5min)

A

Explanation of experimental procedures
and instrument usage

Baseline collection (3min)

A

Watch sample site videos and collect
physiological data (5min)

D

Repeat these two steps until
the subjects have watched
10 sample site videos

Fill out
psychological questionnaire

End of experiment

Figure 4. (a) Experimental scene graph; (b) experimental flowchart.

3. Results
3.1. Environmental Characteristics of Pocket Parks

In April 2022, members of the study group (with three doctorates and five masters
in landscape architecture) conducted a 1-month field research of 10 sample sites. The
environmental characteristics of spatial containment were evaluated, including a wide
field of vision, topographic changes, cultural elements, leisure facilities, special vegetation,
distributing space, and external off-site interference, as “yes or no” variables with T indi-
cating yes and F indicating no. The final statistics were obtained for the environmental
characteristics of each study site (Table 3).

Table 3. Statistical results of environmental characteristics in various sites.

Sample Site S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Site areas (m?) 791 1844 1170 1899 517 2490 447 2670 3761 439
Site shape 0.66 0.76 0.75 0.74 0.76 0.62 0.57 0.78 0.75 0.65
Perce“t("f)/%f paved 9951 y706 5274 7541 7602 7900 4832 5753 5725  77.90
Canopy density (%) 81.63 82.14 91.32 70.46 61.34 53.21 64.68 24.89 36.52 17.94
Green visibility (%) 51.61 67.41 74.07 59.91 56.72 60.93 60.72 30.72 46.94 17.38
Scenic beauty (%) 52.57 82.14 60.71 46.43 57.14 60.71 78.57 64.28 85.71 39.29
Spatial containment T F F F T F T F F T
EAPRS " \Wide field of vision T T F T F T F T T F
element Topographic
F T F F F T F T T T
changes
Cultural elements F T F F F T F T T T
Leisure facility F T T F F F F F F T
Special Vegetation F F F F F T T F T F
Distributing space F T F T F T T T T T
Off-site interference T T T T T T F T F F
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3.2. Environmental Characteristics and Psychological Response Correlations

@

Emotional state

Pearson’s correlation analysis between emotional state scores and environmental
characteristics of each sample site revealed that the emotional state of the subjects can be
significantly affected by the site area, percentage paved, canopy density, green visibility,
scenic beauty, spatial containment, wide field of vision, cultural elements, special vegetation,
distributing space, and off-site interference (Table 4).

Table 4. Pearson correlation analysis results of environmental characteristics of the pocket parks and
subjects” emotional states.

Confusion and

Environmental Tel('t]s;on A(r:qg)er Fa:}:g)ue Depression V(l‘g];)r TMD
Characteristics (C+D)
r P r P r P r P r P r p
Site areas -0.333* 0.032 -0.224* 0021 -0197* 0.038 -0220* 0.033 0.313* 0.030 —0.164*  0.041
Site shape 0.086 0.780  0.044 0.667  0.051 0.663  0.030 0912 —0.098 0.061 —0.072 0.122
Pe;evrggge 0121% 0039 0103* 0030 0.188* 0044 0110* 0047 —0201* 0042 0159%  0.046
Canopy density 0.210 * 0.039  0.099 0.056  0.206 * 0.033  0.310* 0.013 —-0.301* 0.019 0.232* 0.023
Green visibility =~ —0.312*  0.004 -0.410** 0.000 —0.397** 0.002 -0.211* 0.013 0.204 * 0.041 —-0.188*  0.032
Scenic beauty —0.420**  0.007 —0.378* 0.005 —0.395* 0.002 —0.406* 0.005 0.511** 0.002 —0.422**  0.005
Stpgtlal ¢ 0.201 * 0.015 0.103 * 0.043 0.091 0.644 0.167* 0.042 —-0201* 0.045 0.197* 0.047
EAPRS  Wide field of
element Vision -0.175*  0.033 -0.223* 0.022 -0202* 0.030 -0.236* 0.027 0.227* 0.031 —0.208*  0.034
Tof}?f;ggi“c —0.157 0940 —0.131* 0046 —0.08 0740 —0177* 0042 0202* 0037 —0.09 0721
ecltlelrlr?é;?fi —0.157 0940 -0.131* 0.046 —0.086 0.740 -0.177* 0.042 0.202* 0.037 —0.090 0.721
Leisure facility —0.042 0.776  —0.067 0.614 —0.155*  0.042 0.610  0.102 0.089 —0.122 0.630
Special * * _ * * _ *
vegetation -0.077 0.615 —0.155 0.039 -0.189 0.030 —0.220 0.029  0.209 0.025 —0.199 0.037
Dls;r};ggetmg —0268% 0040 —0.163* 0033 —0.198* 0031 —0233* 0022 0310* 0018 -0229* 0025
_ Offssite 0.231* 0.033  0.102* 0.049 0.202* 0.035 0.197* 0.044 —-0.188* 0.049 0.206* 0.039
interference
Note: *: p < 0.05; **: p < 0.01.
(2) Attention recovery
The Pearson correlation analysis between the scores of attention recovery dimensions
and the environmental characteristics of each sample site indicated that the subjects’ at-
tention recovery could be significantly affected by the environmental characteristics of the
pocket park, such as site area, percentage paved, scenic beauty, spatial containment, wide
field of vision, topographic changes, cultural elements, leisure facility, special vegetation,
distributing space, and off-site interference (Table 5).
Table 5. Pearson correlation analysis results of environmental characteristics of the pocket parks and
subjects” attention recovery.
Environmental Being Away Extent Fascination Compatibility
Characteristics ’ p , p , p , p
Site areas 0.172 ** 0.006 0.257 ** 0.000 0.308 ** 0.000 0.255 ** 0.000
Site shape —0.081 0.203 0.004 0.950 0.038 0.553 —0.051 0.423
Percentage paved —0.126 * 0.046 —0.140 * 0.026 —0.099 0.119 —0.099 0.119
Canopy density 0.055 0.389 0.001 0.990 —0.029 0.646 0.033 0.602
Green visibility 0.079 0.213 0.055 0.388 0.041 0.515 0.092 0.146
Scenic beauty 0.255 ** 0.000 0.279 ** 0.000 0.291 ** 0.000 0.271 ** 0.000
Spatial containment —0.149 * 0.018 —0.170 ** 0.007 —0.251 ** 0.000 —0.210 ** 0.001
EAPRS Wide field of vision 0.107 0.090 0.154 * 0.015. 0.181 ** 0.004 0.205 ** 0.001
element Topographic changes 0.163 * 0.010 0.161 * 0.011 0.284 ** 0.000 0.183 ** 0.004
Cultural elements 0.163 * 0.010 0.161 * 0.011 0.284 ** 0.000 0.183 ** 0.004
Leisure facility 0.135* 0.033 0.007 0.918 0.117 0.065 0.029 0.650
Special vegetation 0.201 ** 0.001 0.222 0.000 0.210 ** 0.001 0.235 ** 0.000
Distributing space 0.091 0.153 0.062 0.327 0.119 0.061 0.158 * 0.012
Off-site interference —0.143 % 0.023 —0.119 0.061 —0.106 0.096 —0.099 0.118

Note: *: p <0.05; **: p < 0.01.
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Environmental preferences

Pearson correlation analyses between the scores of environmental preference dimen-
sions and the environmental characteristics of each sample site revealed that the subjects’
evaluation of their environmental preference could be significantly affected by the site area
of pocket parks, the percentage paved, the canopy density, the scenic beauty, the spatial
containment, the broad field of vision, the topographic changes, the cultural elements, the
special vegetation, the distributing space, and the off-site interference. (Table 6).

Table 6. Pearson correlation analysis results of environmental characteristics of the pocket parks and
subjects” environmental preferences.

Environmental Coherence Legibility Complexity Mystery
Characteristics ’ P , P ’ P , P
Site areas 0.176 ** 0.005 0.283 ** 0.000 0.365 ** 0.000 0.297 ** 0.000
Site shape 0.046 0.473 0.057 0.366 0.022 0.732 0.008 0.905
Percentage paved —0.185 ** 0.003 —0.112 0.077 —0.185 ** 0.003 —0.171 ** 0.007
Canopy density 0.001 0.984 —0.162 * 0.010 -0.061 0.336 —0.083 0.191
Green visibility 0.072 0.259 —0.108 0.087 0.073 0.250 0.025 0.693
Scenic beauty 0.209 ** 0.001 0.164 ** 0.009 0.321 ** 0.000 0.245 ** 0.000
Spatial containment —0.174 ** 0.006 —0.211 ** 0.001 —0.299 ** 0.000 —0.237 ** 0.000
EAPRS Wide field of vision 0.043 0.495 0.175 ** 0.005 0.181 ** 0.004 0.096 0.131
element Topographic changes 0.109 0.087 0.284 ** 0.000 0.280 ** 0.000 0.256 ** 0.000
Cultural elements 0.109 0.087 0.284 ** 0.000 0.280 ** 0.000 0.256 ** 0.000
Leisure facility 0.063 0.324 0.040 0.526 0.024 0.708 0.089 0.162
Special vegetation 0.142 % 0.025 0.130 * 0.040 0.304 ** 0.000 0.262 ** 0.000
Distributing space 0.087 0.168 0.171 ** 0.007 0.168 ** 0.008 0.129 % 0.041
Off-site interference —0.089 0.161 —0.094 0.140 —0.110 0.083 —-0.162 * 0.010
Note: *: p < 0.05; **: p < 0.01.
3.3. Correlation between Environmental Characteristics and Physiological Responses
(1) HRV time domain indicators
The Pearson correlation analysis of HRV time domain indexes with environmental
characteristics of each sample site showed that the HRV time domain indexes of the subjects
could be significantly affected by the three environmental characteristics of pocket parks,
namely, canopy density, green visibility, and off-site interference (Table 7).
Table 7. Results of Pearson correlation analysis between environmental characteristics of the pocket
parks and HRV time domain indicators of subjects.
Environmental IBI HR SDNN RMSSD pNNSO
Characteristics P P ’ P ’ P P P ’ P
Site areas 0.016 0.796 —0.018 0.772 —0.017 0.795 -0.017 0.795 0.028 0.663
Site shape —0.011 0.860 0.023 0.719 0.069 0.280 0.062 0.333 —0.015 0.808
Percentage paved —0.042 0.509 0.048 0.450 —0.025 0.694 —0.024 0.706 —0.087 0.169
Canopy density —0.144*  0.023 0.156 * 0.014 —-0.142* 0.025 —-0.137* 0.030 —0.192* 0.002
Green visibility —-0.130*  0.039 0.140 * 0.027 —-0.124* 0.049 —-0.122 0.063 —-0.157* 0.013
Scenic beauty —0.012 0.854 0.012 0.846 —0.047 0.461 —0.052 0.417 —0.022 0.728
Spatial containment 0.043 0.503 —0.045 0.475 0.054 0.396 0.055 0.391 0.028 0.663
EAPRS Wide field of vision —0.042 0.509 0.045 0.483 —0.084 0.186 -0.079 0.213 -0.077 0.225
element  Topographic changes 0.068 0.285 —0.075 0.240 0.036 0.569 0.030 0.639 0.085 0.180
Cultural elements 0.068 0.285 —0.075 0.240 0.036 0.569 0.030 0.639 0.085 0.180
Leisure facility —0.015 0.817 0.017 0.784 —0.013 0.832 —0.022 0.727 v0.005 0.941
Special vegetation 0.032 0.616 —0.043 0.501 —0.043 0.502 —0.040 0.526 0.055 0.386
Distributing space 0.059 0.350 —0.067 0.288 0.019 0.761 0.011 0.868 0.108 0.090
Off-site interference —0.111 0.081 0.122 0.053 —0.054 0.391 —0.047 0.458 —0.159* 0.012

Note: *: p <0.05; **: p < 0.01.

@)

HRV frequency domain metrics

Pearson’s correlation analysis of HRV frequency domain indexes with each sample
site’s environmental features showed no significant correlation between LF, HF, and LF/HF
indexes and all environmental features (Table 8). It indicated that the environmental
features of the pocket parks did not significantly affect the HRV frequency domain indexes
of the subjects.
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Table 8. Pearson correlation analysis results of environmental characteristics of the pocket parks and
HRV frequency domain indexes of subjects.

Environmental LF HF LF/HF
Characteristics , P , P , P
Site areas —0.050 0.428 —0.038 0.546 —0.036 0.572
Site shape 0.057 0.366 0.059 0.353 0.048 0.448
Percentage paved 0.035 0.585 —0.006 0.931 0.086 0.173
Canopy density —0.008 0.905 —0.064 0.310 —-0.013 0.835
Green visibility —0.001 0.987 —0.055 0.383 —0.024 0.704
Scenic beauty —0.018 0.780 —0.010 0.877 —0.034 0.589
Spatial containment 0.076 0.232 0.066 0.296 0.071 0.263
EAPRS Wide field of vision —0.066 0.299 —0.086 0.176 —0.014 0.828
element Topographic changes —0.046 0.465 0.007 0.915 —0.025 0.693
Cultural elements —0.046 0.465 0.007 0.915 —0.025 0.693
Leisure facility —0.044 0.493 0.002 0.975 —0.035 0.578
Special vegetation —0.039 0.538 —0.037 0.556 —0.049 0.440
Distributing space —0.092 0.148 —0.046 0.472 —0.044 0.484
Off-site interference 0.033 0.607 —0.020 0.756 0.013 0.841

(3) SCL, EMG

The Pearson correlation analysis of SCL, EMG indexes, and environmental charac-
teristics of each sample site, showed that the canopy density of pocket parks significantly
affected the SCL indexes of subjects, and the canopy density, green visibility, scenic beauty,
and special vegetation significantly affected the EMG indexes of subjects (Table 9).

Table 9. Pearson correlation analysis results of environmental characteristics of the pocket parks and
subjects” SCL and EMG indicators.

Environmental SCL EMG
Characteristics - P , P
Site areas 0.013 0.841 0.026 0.332
Site shape —0.027 0.667 0.031 0.551
Percentage paved —0.071 0.264 —0.014 0.756
Canopy density —-0.135* 0.032 —0.261* 0.013
Green visibility —0.085 0.181 0.303 * 0.021
Scenic beauty 0.015 0.814 0.290 * 0.040
Spatial containment 0.035 0.585 —0.011 0.836
EAPRS Wide field of vision —0.083 0.191 0.059 0.710
element Topographic changes 0.065 0.308 0.087 0.333
Cultural elements 0.065 0.308 0.087 0.333
Leisure facility —0.022 0.725 0.007 0.822
Special vegetation 0.079 0.212 0.212* 0.027
Distributing space 0.060 0.346 0.074 0.163
Off-site interference —0.107 0.091 —0.204 0.637

Note: *: p < 0.05.

4. Conclusions and Discussion
4.1. Discussion

(1) The psychological state of recreational users is largely influenced by the site area,
scenic beauty, and whether the space is enclosed in the pocket park. The larger the site
area, the higher the scenic beauty, and if the space is not effectively limited, the pocket
park environment can promote positive psychological benefits for recreational users.
In the optimum pocket park the proportion of paving is low, the field of vision is
wide, and there are cultural elements and terrain changes. A pocket park environment
with special vegetation and distribution space can also have a positive effect on the
psychological benefits of tourists to a certain extent. In addition, environments with
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low canopy closure and high green vision rate have a positive effect on suppressing
negative emotions.

The physiological state of recreationists is most likely to be affected by the degree of
canopy density in pocket parks. The higher the degree of canopy density, the higher
the HR of recreationists would be, and the lower the IBI, SDNN, RMSSD, pNN50, SCL,
and EMG would be. Secondly, green visibility also has an effect on the physiological
response of recreationists to some extent. The higher the green visibility, the higher the
HR of recreationists would be, and the lower the IBI, SDNN, and pNN50 would be. In
addition, an environment with a high degree of scenic beauty and special vegetation
will significantly increase EMG, and an environment with external disturbances will
decrease pNNb50. Previous studies have found that IBI, RMSSD, pNN50, and SDNN
decrease during stress [42], suggesting that pocket parks with high levels of canopy
density and off-site disturbances decrease the parasympathetic tone and autonomic
nervous system of the recreationists, which in turn leads to an elevated stressful state.
This is corroborated by the rise in HR with high canopies, proving that the heart rate
of recreationists will increase in a high-depression environment to produce a sense
of tension. The reduction in SCL and EMG suggests that this type of environment
also reduces the emotional arousal and pleasure of the recreationists, resulting in a
more subdued emotional state. There are different interpretations of HR indicators,
and some studies have suggested that stress and tension can lead to an increase in
heart rate [43], but being in a state of arousal can also lead to the same response,
as illustrated by the relationship between physiological state and green visibility in
this study, which shows that pocket parks with high green visibility can promote
recreationists’ emotional well-being, as a high green visibility environment can give
recreationists a sense of novelty and pleasure, and a state of arousal, resulting in a more
spiritless state than in daily life. Because the high green visibility environment will
make recreationists feel a sense of novelty and pleasure different from their daily life,
they will be in a state of excitement, leading to an increase in HR. Therefore, this study
concludes that when green visibility is higher, HR goes up, which can be interpreted
as a positive psychological state. The HR index can be interpreted according to the
characterization of the environment and the rest of the physiological indexes and the
IBI, SDNN, and pNN50 can also be interpreted in such a way. The above interpretation
also confirms that EMG is a key physiological indicator, which directly reflects the
emotional pleasure of the recreationist, and can be used to determine whether the HRV
indicator should be interpreted as positive or negative and can be recognized as an
essential indicator for interpreting the impact of the environment on the physiological
response of the recreationist. Therefore, it is also essential to know whether or not
pocket parks have special vegetation, which can directly contribute to the elevation
of the EMG, perhaps for the reason that special vegetation enriches the color of
the landscape and the aroma of the plants, thus enhancing the emotional pleasure
of the recreationists. Overall, pocket parks with high canopy density and off-site
disturbances are not conducive to positive physiological responses from recreationists,
and pocket parks with high green visibility, high scenic beauty, and special vegetation
are more likely to produce health benefits for recreationists.

4.2. Conclusions

In this paper, site area, site shape, and EAPRS elements of each sample site were

selected to form the environmental characteristic indicators of pocket parks, and quantified
to analyze which environmental characteristics can significantly affect the physiological
and psychological response indicators of subjects and the assessment of health benefits.
The following conclusions were drawn:

)

The environmental characteristics of pocket parks significantly affect recreationists’
psychological and physiological responses. Psychological responses significantly
affect the emotional state, attention recovery, and environmental preference of recre-
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ationists, and physiological responses significantly affect the IBI, HR, SDNN, RMSSD,
PNN50, SCL, and EMG indicators of recreationists.

(2) The environmental characteristics of the pocket park, such as site area, the percentage
paved, scenic beauty, spatial containment, wide field of vision, cultural elements,
special vegetation, distributing space, and off-site interference, can significantly affect
the emotional state, attention recovery, and environmental preference of the subjects.
In addition, canopy density, green visibility, and topographic changes can also affect
the psychological response of the subjects to some extent. Overall, the three environ-
mental features of the site area, scenic beauty, and spatial containment had the most
significant effect on psychological response, and these three environmental states
significantly affected all the factors of psychological response.

(8) The canopy density of the pocket park significantly affects HRV time domain in-
dicators, SCL, and EMG, and green visibility significantly affects some of the HRV
indicators and EMG. In addition, scenic beauty and special vegetation also have a
significant positive effect on EMG. Overall, canopy density has the most notable effect
on physiological indicators, having a significant adverse effect on IBI, SDNN, RMSSD,
pNN50, SCL, and EMG, and a significant positive effect on HR. This is followed by
green visibility, which will have a significant adverse effect on IBI, SDNN, and pNN50,
and a significant positive effect on HR, and EMG. Scenic beauty and special vegeta-
tion have a significant positive effect on EMG, and a pocket park environment with a
high degree of beauty and special vegetation can enhance the emotional pleasure of
recreationists.

5. Shortcomings and Prospects

(1) In this study, recreationists’ visual perceptions of the pocket park environment were
measured and evaluated by watching a video. This method inevitably compromised
the subjects’” experience of their five senses. Subsequent experiments can be conducted
in real-life environments.

(2) Geographical differences in economies, humanities, etc., can lead to different research
results. In the future, more studies can be conducted in different regions to address
geographical characteristics.

(3) In addition to the two primary senses of sight and sound, the discipline of landscape
architecture is laying more emphasis on the five senses of landscape experience by
recreationists, the potential links that may exist among senses, and the possibility that
there may be selective attentional competition, i.e., regarding which of the five senses
stimulates perceptions and thus leads to different modal perceptual design strategies.
Further experiments are required to explore the interactions and contributions of
multiple senses in landscape evaluation.
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