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Abstract: Urban green spaces provide multiple ecosystem services to improve human health and
well-being. Cultural ecosystem services (CES) are recognized as the most important services for urban
residents through the key of social interaction. Researchers commonly acknowledge the function
of community sports parks to enhance social interaction. Nevertheless, existing studies generally
do not pay enough attention to the influence mechanisms of community sports parks and social
interaction, especially the different types of spaces in community sports parks, which could be due
to the complex feature of social interaction. This paper selects three community sports parks in
Chongqing as the case study, uses BBN to identify the influence mechanisms of three common types
of spaces (fitness equipment space, path space, and sports court space) in community sports parks
and social interaction, aiming to explore how community sports parks enhance social interaction.
The results indicated that sports court space such as basketball court and badminton court enhanced
social interaction best; however, the spaces farther away from the park entrances were generally
less effective in enhancing interaction. All these three types of sports spaces showed the influence
mechanism of “Spatial Factors-Activity Type-Social Interaction”, while differences existed in the
specific spatial influencing factors. The findings highlight that based on the BBN obtained in this
study, the threshold range of spatial factors could be adjusted to enhance the effect of community
sports parks on social interaction.

Keywords: community sports parks; social interaction; physical activity; influence mechanisms

1. Introduction

Urban green spaces provide multiple ecosystem services to improve human health
and well-being [1]. “Ecosystem services” (ES) are the values and benefits that people derive
from functioning ecosystems [2,3]. Vegetation in urban green spaces control climate, buffer
noise, and filter air pollutants [4]. These ecosystem regulation services may prevent humans
from diseases and promote healthy behavior through the provision of cultural ecosystem
services (CES) [5,6]. CES are recognized as the most important services for urban residents
which represent some of the most familiar and personal experiences of environment that
people encounter in the cities [7–9]. Among CES, social interaction is regarded as a key
to understanding the role of ecosystems in breaking down social barriers and bringing
residents together [10].

Such interactions can alleviate social problems such as neighborhood conflicts and
elderly isolation caused by rapid urbanization [11–13]. Particularly, the CES provided by
the community parks that are an important place for the neighborhood to participate in
activities together, meet others, and strengthen existing social ties, help enhancing social
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interaction and are currently receiving widespread attention [14,15]. With the increasing de-
mand for physical exercise among residents [16], community sports parks, a new pattern of
community parks, have begun to enter into the public view [16,17]. While many community
green spaces include sports equipment, but they are mainly for residents’ daily leisure and
relaxation with only a few basic fitness equipment inside. Unlike this type of green spaces,
sport exercise is the main function of community sports park, using landscaping combined
with various outdoor sports fields (including basketball court, badminton court, etc.,) in
an independent land. In China, community sports park is a new type of community park,
with an extended refining development.

As more and more residents tend to visit community sports parks for physical activi-
ties [17], opportunities for neighborhood contact and social interaction increase significantly,
which can be achieved by the following two ways: First, physical activity mostly requires
teamwork that offers good training opportunities for cultivating interpersonal communi-
cation skills [18,19]. It is a deeper and more intimate form of social interaction and can
bring various socioeconomic and ethnic groups together, especially basketball and square
dancing [20–22]. Second, physical activity have the function of upgrade self-efficacy and
reduces social anxiety [18]. Previous research indicated that physical activity such as jog-
ging and running were associated with enhancing self-efficacy [23], as well as individuals
with higher self-efficacy have stronger ability to handle interpersonal relationship and
their social anxiety is lower [18,24]. Meanwhile, runners seem to think of running in some
way as a “social” activity [25]. Some research explore runners’ interactions with others in
public places and highlight feelings of social support and inspiration generated through
passing encounters with other park goers [26,27]. All these physical activities in community
sports parks may make an essential contribution to enhancing social interaction, which are
important to encouraging social interaction and leading a healthy lifestyle among residents.

Since their potential, a large number of natural experiments have shown that the
spatial factors in community parks influence physical activity and social interactions.
Moulay A. found that park space patterns with fewer visual obstacles and clear structure
influenced duration of use, which in turn increased the potential for social interactions [28].
McCoemack et al. concluded that people were more likely to choose parks with public
toilets, seats, and children’s playground for social interaction [29]. At the same time, the
influence of non-spatial factors has also been suggested. For example, Staats and Hartighty
showed that social relationship directly influenced the quality of personal interactions in
public place [30]. Cox et al. suggested that young people were more likely to use parks for
high-intensity social activity such as physical exercise, while older adults tended to engage
in low-intensity social activity such as leisure and relaxation [31]. Duan explored the effect
of age on social behavior in parks, concluding that men in parks were more active and
inclined to engage in social behavior than women [32].

While these findings provide some insight into what factors influence social inter-
action in community sports parks (including spatial, activity, and individual differences
factors), there is very limited evidence regarding the influence mechanism between them.
Traditional mathematical and statistical methods such as conjoint analysis [33], structural
equation modeling [14], and multiple regression modeling analysis [28], which are com-
monly used today, deal more with the direct and simple influence relationships. In fact,
social interaction is a relatively complex process, its influence factors and the influence
mechanism between these factors and social interaction may be multiple. A suitable
method for model construction and meaningful interactions is a key point to clarify such
complex relationships.

Graphical models, in particular, Bayesian belief network (BBN), are well-suited to deal
with such complex problems because of their capability to combine the robust probabilistic
methods with the lucidity of graphs that encode causal relationships between variables
and [34], as such, offer a model structure for deriving uncertainty, unpredictability, impre-
cision, and complexity with the machine learning algorithm [35–37]. The BBN is also in
line with the human ecological framework [38], which can deal with a large set of variables.
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It is a modeling tool that has already been successfully applied in the research field of
environment and physical activity [39,40].

Additionally, different types of sports spaces in community sports park such as fitness
equipment space, path space, and sports court space may have different influence mecha-
nisms for social interaction. To our knowledge, not many studies addressed differences
between various types of sports spaces in community sports park.

In this study, a BBN is used, therefore, is to better understand community sports park
and how to enhance social interaction by considering multiple factors. The aims of this
study are: (1) To clarify the influence mechanisms of enhancing social interaction with
different types of sports spaces in community sports park; (2) to explore which is the most
conductive type of space to enhance social interaction; (3) to find out the factors’ influence
intensity of different types of sports spaces in community sports park. The results of this
study will provide strategy or spatial optimization for community sports parks construction
for enhancing their social interaction function in the future.

2. Social Interaction

Social interaction is defined as a process of reciprocal stimulation and interactivity
between at least two people [41]. It can be measured through the amount of time people
spend in the space, reflecting their engagement in public space and the intensity of interac-
tion [42,43]. The space plays a role in bringing strangers from all walks of life together to
become more familiar through congregate, meeting, and participating in activity together.
Based on these key components of spatial social interactions, crowds congregate and en-
gagement with the park are two important dimensions of social interactions measured in
this study. Crowds congregate represents the opportunities for social contact; engagement
with the park represents the intensity of interaction. Thus, variables for social interaction
measurement are clear.

3. Methods
3.1. Sample Area

Chongqing is located in southwestern China and surrounded by mountains (Figure 1).
Due to the topographical peculiarities, land use for community sports parks is limited. The
Corner Land Project, turning “waste into treasure”, is trying to transform the scattered idle
land around communities into community sports parks in different batches, solving the
problems efficiently that are very popular among residents. Taking this project as a sample
area may provide a good reference to understand the social interaction in community sports
parks in other Chinese cities and cities in developing countries which are confronted with a
similar urban context of limited land use. Finally, we selected Dashuijing, Huilongwan,
and Danlong Community Sports Park (Table 1) as case study for three reasons.

Figure 1. Map of Chongqing.
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Table 1. Basic overview of the three community sports parks.

Park Name Location Site Area Surrounding
Land Use Inside Function NO. and Types of

Sports Equipment Green Ratio

Dashuijing
Community
Sports Park

Intersection of
Jiahong Road
and Wanxing

Road, Jiangbei
District

11,858 m2 Mainly
residential

General fitness
area, Children’s

play area,
Sport counts,
Management
service area,

Leisurely
walking area

15 fitness equipment,
3 children’s play

equipment, 1
basketball court, 2
badminton court, 2

tennis tables, 1 plastic
running track, 1

recreational walkway

40%

Huilongwan
Community
Sports Park

South of the
intersection of
Nanhu Road

and Dashi First
Road, Nanan

District

8199 m2

Mainly
residential,

adjacent to the
flower market,
surrounded by

factories

General fitness
area, Children’s

play area,
Sport counts,
Management
service area,

Leisurely
walking area

11 fitness equipment,
4 children’s play

equipment, 1
basketball court, 2

badminton courts, 6
tennis tables,1 plastic

running track, 1
recreational walkway

38%

Danlong
Community
Sports Park

Southwest of the
intersection of
Danlong Road

and Dashi Road,
Nanan District

3803 m2 Mainly
residential

General fitness
area, Children’s
play area, Sport
counts, Leisure

area for
the elderly,

Management
service area,

Leisurely
walking area

6 fitness equipment, 1
children’s play
equipment, 1

basketball court, 1
badminton court, 4

tennis table, 1 plastic
running track, 1

recreational walkway

37.6%

First, we investigated twenty community sports parks in this project randomly in
different batches and distributed them into three size categories: small, <0.5 ha; medium,
0.5–1 ha; and large, >1 ha, based on the classification of “Chongqing Community Sports and
Cultural Park Construction Guidelines”. The selection aims to represent each size category.

Second, all of them are located in old city areas of different districts (Figure 2), and
insufficient sports equipment was a major problem. For example, seriously damaged and
single type equipment were common. Motivation of the project offered more spaces and
convenience for residents, as well as achieving a good effect of promoting physical exercise
and community interaction. In addition, these three parks all belong to the “First Batch of
Parks” to be opened in 2019, which are typical cases for this study.

Third, these parks construction style and inside function are similar, including fit-
ness equipment, path, and sports court three common types of spaces that are well
suited to our study needs. Based on field observation, we divided the parks into 35 spa-
tial study units with these three different types of spaces to expand an in-depth study
(Figure 2 and Table 2).
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Figure 2. Location and layout of the three community sports parks in main city area. Rea color refers
to the study units with numbers.

Table 2. Different types of spaces’ corresponding unit numbers and photos.

Space Type Unit Numbers Photo

Fitness Equipment Space Equipment space 1, 2, 10, 12, 14, 24, 25

Children’s palyground 9, 11, 26
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Table 2. Cont.

Space Type Unit Numbers Photo

Path Space Plastic runway 6, 20, 21, 31, 32

Recreational trails 7, 22, 23, 33, 34, 35

Sports Court Space Basketball court 3, 19, 29

Badminton court 4, 13, 18, 30

Table tennis court 8, 15, 16, 17, 27, 28

Square dancing venues 5

3.2. Data Collection

Social interaction was measured by crowds congregate and engagement with the park,
in which the basic data collection of crowds congregate was mainly by on-site survey and
behavior mapping. Engagement with the park was measured by questionnaire survey, and
353 valid questionnaires were collected (124 from Dashuijing, 133 from Huilongwan and
96 from Danlong). Then, the specific data acquisition methods for both are as follows.

(1) Crowds congregate

For each spatial study unit, the real distribution location of people was recorded
through on-site survey, and the congregate times, total number of crowds congregate, and
size of the congregate group were counted as the original data and calculated numerically
by formula (1). In order to ensure that the numerical quantification results of the trend
of crowds congregate per unit area are more obvious and easier to compare and analyze,
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Formula (1) normalized the value of the level of crowds congregate, which can be expressed
as follows.

R =
∑N

i=1(Bi/Ai)× lnTi

NlgS
(1)

where, Ai is the average total number of crowds congregate in the space; the same spatial
study unit carries different group sizes of engagement, Bi is the size of the congregate
group; Ti is the congregate times (min); N is the total number of people present in the space;
S is the area of the spatial study unit (m2).

Considering that the total number of crowds congregate in the space may change
during the social interaction, Ai is the average total number of crowds congregate in the
space. So, the observation time is limited, as the time Ti in Formula (1). According to the
collection of basic data, the interaction congregate of people in the survey space would
basically occur after more than 60 min for a large-scale membership change. Therefore,
the observation time (Ti) was set in the range of 1–60 min. The calculation of Ai can be
expressed as follows.

Ai =
Aii + Aio

2
(2)

where, Aii is the total number of crowds in the space at the beginning of the interaction,
Aio the total number of crowds in the space at the end of the interaction, each person is
assumed to have appeared in the space only once.

(2) Engagement with the park

Engagement with the park was measured by a questionnaire which consists of three
parts, first part “The use of community sports parks”, second part “Engagement with the
park” and third part “Personal situation” (Appendix A). The engagement quantitative
results mainly came from the questionnaire’s second part that contained the following
three points: (1) Subjective scoring the intensity of individual’s participation in the parks’
activity; (2) the intensity of willingness to use this space as the preferred activity space;
(3) individual’s frequency of daily visits. This part of questionnaire used a scoring system,
with scores from 1 to 7 indicating “low” to “high”, and the final engagement level was
obtained by averaging the scores of the three questions.

However, engagement with the park would be obviously influenced by the individuals’
activity purposes. In order to ensure the accuracy of the average score results, before the
questionnaire survey, we investigated the activity types in different spatial study units and
summarized them (Table 3). The questionnaire survey was not random but covered all
types of activity and took its proportion as reference. For example, in fitness equipment
space, there were a lot of fitness equipment and chatting activities, hence we chose more
people to complete the questionnaire, and chose only a few people who participated in
relaxation and photo shoot activities to complete the questionnaire with not ignoring them.

The data collection was conducted on sunny days in April–May 2020, included two
weekdays and two days, during the morning (7:30–11:30), afternoon (3:00–6:00), and
evening (7:00–9:30). The selected spatial variables influencing community sports park’s
interaction and their quantitative measures are shown in Table 4. For the non-spatial vari-
ables, activity type was measured by the presence or absence of sports activity, and leisure
activity in the space was recorded on site. The specific classification and proportion of these
two types of activity are shown in Table 3; individual difference included age, gender of the
residents, and social relationship of their interaction partners. Social relationship reflects
the range from alone, general neighborhood, familiar neighborhood, to family or friend
relationship. All the variables used in further BBN are shown in Table 5.
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Table 3. Proportion of activities in three types of spaces in community sports parks.

Activities Types Fitness Equipment Space Path Space Sports Court Space

Physical Activity
Equipment Fitness 32.4% —— ——
Children’s equipment playing 1 18.5% —— ——
Walking —— 37.1% ——
Running —— 14.8% ——
Play basketball —— —— 14.3%
Play badminton —— —— 12.8%
Play table tennis —— —— 15.6%
Square dancing —— —— 17.5%

Leisure Activity
Relaxation 6.3% 7.6% 11.2%
Childcare 10.5% —— 5.8%
Chatting 23.6% 12.6% 2.3%
Photo shoot 2.4% 4.5% ——
Play Mobile 6.3% —— ——
Walking the dog —— 3.2% ——
Hanging out —— 12.6% ——
Enjoy the scenery —— 3.7% ——
Family Gathering —— 2.6% ——
Neighborhood Meeting —— 1.3% ——
Watch the game 2 —— —— 13.4%
Children playing 3 —— —— 7.1%

—— represents no data available, and the activities are categorized by the people’s purposes. 1 Children’s
equipment playing refers to children playing with swings, balance bars, ladders, etc. 2 Watch the game refers to
watching the square dancing and ball games playing such as basketball, badminton and table tennis. 3 Children
Playing refers to children play with a stone, leaf or games together, without the equipment which the spaces
provide or there is no equipment provided.

Table 4. Spatial variables that influence the community sports park’s interaction and their quantitative
measurement methods.

Variable Variable Quantification Methods Unit

Perceptual structure
Accessibility Walking distance to the nearest entrance/exit location of the park m

Space Enclosure
Spatial enclosure = L1/L; where: L1 is the perimeter of the plan layout of trees less than
1.2 m in height and shrubs more than 1.2 m in height below the middle branch combined
with the bottom part of the study plot; L is the perimeter of the study unit boundary

——

Visual Obstacles
Simulating the 125◦ field of view of human binocular vision [44], the camera took three
photos from left to right with the spatial unit as the origin, and used AutoCAD to process
the combined photos to calculate the proportion of visible space

%

Path Width Calculated from the current site mapping m

Facility Configuration
Seats Density Length of resting facilities such as benches within 100 m of each walk m
Fitness Equipment Calculate the number of units based on the current site mapping ——
Children’s Play
Equipment Calculate the number of units based on the current site mapping pcs
Sports Court Calculate the number of units based on the current site mapping pcs

Landscape Greening
Shrub Area Calculated from the current site mapping m2

Tree Cover Tree cover = S1/S; where: S1 is the sum of the vertical projection of trees in the unit; S is
the site area of the study unit

Green View Index
Simulating the 125◦ field of view of human binocular vision, with the spatial unit as the
origin, the camera took three photos from left to right and used AutoCAD to process the
combined photos in order to calculate the proportion of greenery elements [45]

——

Vegetation Diversity

The Shannon–Wiener index was used to calculate diversity

H = −
N
∑

i=1
Pi InPi,

where P is the proportion of the number of vegetation species in the unit occupied by the
ith number of vegetation species, i.e., Pi = Ni/N

——

—— represents no unit available.
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Table 5. All the variables used in further BBN.

Variable Types Variable Used in Further BBN

Spatial Variable
accessibility, space enclosure, visual obstacles, path width;
seats density, fitness equipment, children’s play equipment, sports
court, shrub area; tree cover, green view index, vegetation diversity.

Non-spatial Variable physical activity, leisure activity;
age, gender, social relationship.

Social interaction Variable crowds congregate, engagement with the park

3.3. Bayesian Belief Network

The BBN was used to analyze the relationship between spatial, activity, and individual
difference and social interaction variables. The BBN consists of two parts: One is the
directed acyclic graph (DAG), which represent the independence and causality relationships
of the variables. Through machine learning algorithm, when the DAG shows a link of A
→ B (both A and B are variables), it represents the causality relationship. A is called a
parent of B, B is a child of A (B could be the parent of another variable). Such as in this
study, a link between physical activity and crowds congregate may be found, with physical
activity is the parent of crowds congregate. The other is the conditional probability table
(CPT), which represents the dependence level of a child variable on its parent variable. For
example, “CPT for A→ B” means the probabilities for each level of crowds congregate
(from very low to very high) depend on the availability of physical activity (yes or no).
Thus, we used the machine learning algorithm to separately modeling BBNs for each type
of sport spaces in the sample community sports parks. The entire process of BBN modeling
was conducted in Netica [46], and included three steps.

• First step: Draft network

In order to improve the efficiency of machine search in the subsequent stages, the
network of influence links between variables was initially constructed using a priori
knowledge derived from empirical data, relevant studies or expert knowledge, it was the
initialization of the DAG [47].

• Second step: Training/calibration network

This step was as following: (1) Divided the sample data into a training set and a test set
which were not overlapping. (2) Used the machine learning algorithm model to randomly
create or remove dependencies between any two variables to generate a complete sketch
of network relationships as the candidate network. (3) Adjusted the CPT to optimize the
joint conditional probabilities for training each candidate network with the expectation–
maximization (EM) algorithm method in the training set. The EM algorithm updated
initial parameter estimates by iteratively refitting the case file data to the final model till
convergence and minimizes negative log likelihood [48]. Through this step, we obtained
some relatively high-quality networks.

• Third step: Test network

Finally, these candidate networks were tested. The resulting candidate networks were
randomly tested for accuracy on the test set, and the network with the highest accuracy
was selected as the final influence mechanisms. Because in this study, we are trying to
confirm which and how the factors influence social interaction in community sports parks.
So, the social interaction variable should be treat as criteria. The error rates of the crowds
congregate variable and engagement with the park variable were calculated to achieve a
probabilistic predictive evaluation of the network’s accuracy and precision. The calculation
method is logarithmic loss, whose value is determined solely by the probability of the
actual occurrence of the outcome [49], and the closer the value is to zero, the better the
accuracy performance of the network is represented [50]. The final three types of sport
spaces’ BBNs which were selected achieved accuracy rates of 74% crowds congregate and
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76% engagement with the park in fitness equipment space, 56.25% and 75% accuracy in
path space, 78% and 69% accuracy in sports court space.

We obtained the BBNs for fitness equipment space, path space, and sports court space,
which represented the influence mechanisms to enhance social interaction in community
sports parks. The CPT belongs to BBNs that predicted and analyzed the different level
of crowds congregate and engagement with the park (as child variables) depended on
its parent variables. At last, the BBNs model evaluation was necessary, it was possible
to identify the most influential factors and the causal relationships of importance [50].
We applied the mutual information (entropy reduction) function in Netica for sensitivity
analysis to evaluate the variables with greater influence on the target variables “crowds
congregate” and “engagement with the park” [34]. Mutual information is symmetric
between the two variables and is a predictor of the extent to which a finding of one variable
(findings or explanatory variable) is expected to alter the beliefs (measured as entropy
reduction) of another variable (query variable) [50–52]. The Netica software calculated the
entropy reduction of other variables in the network, expressed as the query variables or as
a percentage of the total entropy of the variables.

4. Analyses and Results
4.1. Social Interaction Features Analysis of the Community Sports Parks

The descriptive statistics of each node variable are shown in the network of Figures 3–5,
at the bottom number of each node box are indicated the means and standard deviations.
The social interaction features of the three type spaces were analyzed in terms of the level
of crowds congregate and engagement with the park, in which the level of crowds congre-
gate was ranked as “sports court space (0.550) > path space (0.503) > fitness equipment
space (0.426)”, and the level of engagement with the park was ranked as “ sports court
space (4.69) > fitness equipment space (4.42) > path space (4.27)”. It could be concluded
that the sports court space in community sports park was most conducive to promoting
social interaction.

Figure 3. BBN modeling of fitness equipment space.
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Figure 4. BBN modeling of path space.

Figure 5. BBN modeling of sports court space.

At the same time, analysis of the location of the spatial units showed that the crowds
tended to congregate and interact near the park entrances, for example, the fitness equip-
ment spaces with better congregate level were the unit of NO.1, NO.2, NO.24, and NO.26;
the path spaces were the unit of NO.6, NO.7, NO.20, NO.22, and NO.32; the sports court
spaces were the unit of NO.3, NO.4, NO.5, NO.17, NO.19, and NO.20, which were relatively
close to the entrances rather than the inside of the park.

4.2. The BBNs of Community Sports Parks Enhancing Social Interaction
4.2.1. Fitness Equipment Space

The BBN of fitness equipment space to enhance social interaction is shown in Figure 3.
In general, the results showed that the relationship between spatial factors and social
interaction was mediated by the type of activity, with physical activity being the moderating
variable for the level of crowds congregate and leisure activity for the level of engagement
with the park.

Among the spatial factors, green view index, accessibility, visual obstacle and fitness
equipment were all indirectly associated with the crowds congregate, which was mediated
by the physical activity. Seats density was indirectly associated with engagement with the
park, which was mediated by the leisure activity. Simultaneously, engagement with the
park was indirectly influenced by children’s play equipment.

Another important factor that influenced social interaction was the individual dif-
ference. Gender influenced crowds congregate; age and social relationship influenced
engagement with the park.
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4.2.2. Path Space

The BBN of path space to enhance social interaction was shown in Figure 4. In general,
crowds congregate was mainly influenced by the spatial perception structural factors of
visual obstacle, path width, and seats density.

However, the factors that influenced engagement with the park were relatively com-
plex, which were moderated by both leisure activity as a mediating variable and the direct
influence of vegetation diversity, seats density, and social relationship. As the unique
moderating variable, leisure activity was also influenced by the shrub area.

4.2.3. Sports Court Space

The BBN of sports court space to enhance social interaction was shown in Figure 5.
The relationship between spatial factors and engagement with the park was mediated by
sports activity, and sports activity directly influenced leisure activity; at the same time,
engagement with the park was directly influenced by the crowds congregate.

In terms of spatial factors, space enclosure, accessibility, tree cover, and sports court
directly influenced physical activity, while seats density directly influenced leisure activity.

In terms of individual difference factors, crowds congregate was influenced by age,
and engagement with the park was influenced by social relationship.

4.3. Conditional Probability of Factors on Social Interaction

Tables 6 and 7 show the conditional probabilities between all social interaction levels
and their corresponding direct influence factors in the three types of spaces, which ex-
plained the BBNs in detail. In Table 6, such as path space with level of narrow (<1.5 m) path
width had a slightly higher probability (19.3%) of very high level of crowds congregate than
the level of medium (1.6–2 m, 17.9%) and wide (2.1–3.5 m, 18.2%) path width. Sports court
space with many sport courts (more than three courts) had a slightly higher probability
(21.1%) of very high level of crowds congregate than the level of medium (two courts,
19.5%) and few (only one courts, 20.8%) sport courts.

Table 6. Conditional probabilities between all levels of crowds congregate and its direct influence
factors of the three types of spaces.

Crowds Congregate

Very Low Low Medium High Very High

Fitness Equipment Space

Physical Activity yes 31.7 28.4 19.5 17.1 3.3
no 19.3 23.6 23.9 23.9 9.3

Sex
male 31.4 27.6 19.3 17.9 3.6
female 19.6 24.4 24.1 23.1 8.8

Path space

Visual Obstacles

0–10 21.4 19.1 18.8 20.0 20.0
11–20 25.1 21.8 22.3 20.0 20.0
21–27 18.5 23.6 20.8 20.0 20.0
28–32 17.6 18.3 19.3 20.0 20.0

Path Width
narrow 19.8 22.3 19.5 19.3 19.3
medium 20.1 21.2 22.0 18.7 17.9
width 19.7 22.7 20.8 18.6 18.2

Seats Density

0–5 21.4 21.0 19.5 19.1 19.1
6–10 20.0 20.0 20.0 20.0 20.0
11–15 18.9 20.7 21.8 19.3 18.9
16–25 19.5 22.6 21.8 18.3 17.9
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Table 6. Cont.

Crowds Congregate

Very Low Low Medium High Very High
Sports Court space

Sports Court
few 15.2 17.6 24.4 21.9 20.8
medium 14.0 21.5 17.9 20.1 19.5
many 17.8 22.6 20.5 17.7 21.1

Age

<15 20.0 20.0 20.0 20.0 20.0
15–25 29.6 18.2 43.5 33.3 17.5
26–35 12.2 29.8 26.1 15.9 15.9
36–45 9.8 19.7 31.7 17.8 20.6
46–55 14.0 9.0 38.5 21.3 17.3
56–65 12.5 26.5 16.3 15.9 32.7
>65 24.9 24.9 15.3 15.3 15.3

Unit in this table is “%”, the higher of the number, the higher probability between the two variables.

Table 7. Conditional probabilities between all levels of engagement with the park and its direct
influence factors of the three types of spaces.

Engagement with the Park

Low Medium High
Fitness Equipment Space

Children’s play Equipment
no 31.4 36.4 31.4
some 31.4 33.9 33.9
many 31.0 31.0 37.2

Leisure Activity yes 29.5 34.5 35.3
no 33.3 33.3 33.3

Age

<15 31.4 33.9 34.3
15–25 31.4 33.9 34.3
26–35 31.4 33.9 34.3
36–45 31.4 33.9 34.3
46–55 31.4 33.9 34.3
56–65 31.4 33.9 34.3
>65 31.4 33.9 34.3

Social relationship
alone 33.3 33.3 33.3
general
neighborhood 33.3 33.3 33.3

familiar
neighborhood 33.3 33.3 33.3

family/friends 25.9 35.9 37.6

Path space
Leisure Activity yes 33.3 33.3 32.3

no 34.7 34.0 31.9

Seats Density
0–5 35.0 33.3 32.2
6–10 33.3 33.3 33.3
11–15 32.8 36.1 31.2
16–25 33.1 35.6 31.3

Vegetation Diversity

0.2–0.5 33.3 33.3 33.3
0.6–0.8 35.5 32.5 31.5
0.9–1.2 33.5 35.5 30.5
1.3–1.8 31.5 34.5 33.1
1.8–2.1 33.3 33.3 33.3
2.2–2.3 34.7 33.4 31.8

Social Relationship
alone 34.9 32.9 32.2
general
neighborhood 34.3 34.0 31.1

familiar
neighborhood 32.7 35.3 31.7

family/friends 32.4 35.4 31.8



Int. J. Environ. Res. Public Health 2022, 19, 1466 14 of 22

Table 7. Cont.

Engagement with the Park

Low Medium High

Sports Court space

Physical Activity yes 26.9 36.8 36.1
no 26.7 42.9 30.1

Social Relationship

alone 32.8 37.8 28.8
general
neighborhood 29.1 37.6 33.2

familiar
neighborhood 22.7 36.9 40.2

family/friends 22.0 47.0 30.3

Crowds Congregate

very low 42.6 34.1 23.2
low 33.8 40.6 25.1
medium 17.0 57.9 25.0
high 18.7 34.2 47.0
very high 21.9 32.4 45.4

Unit in this table is ”%”, the higher of the number, the higher probability between the two variables.

In Table 7, fitness equipment space with many children’s play equipment (more
than three) had a higher probability (37.2%) of high level of engagement with the park
among individuals than without (31.4%) and some (one or two, 33.9%) children’s play
equipment. However, there is one exception, 36.4% of the respondents had a medium
level of engagement with the park when without children’s play equipment, the children’s
play features might explain this finding because they could play games and interact with
friends even through a leaf or a stone, sometimes, equipment for them were absolutely
unnecessary. We barely explained conditional probabilities between spatial factors and
social interaction, which claimed the differences in park design lead to various uses and
consequently for residents’ social interaction. Thus, compared with the non-spatial factors,
adjusting the spatial factors to enhance social interaction could be more implementable.

4.4. Sensitivity Analysis for Factors’ Influence Intensity on Social Interaction

Sensitivity analysis in Netica (Norsys Software, Verison 6.07) obtained the strength of
the relationship between the influence variables on social interaction. In fitness equipment
space, the main influences on crowds congregate were physical activity (1.23) and gender
(0.955), the main influences on engagement with the park were social relationship (0.64)
and children’s play equipment (0.45) (Figure 6). In path space, the main influences on
crowds congregate were view obstacle (0.529) and path width (0.248), the main influence
on engagement with the park was leisure activity (0.237) (Figure 7). In sports court space,
engagement with the park (7.12) had the greatest influence on crowds congregate, then the
influence of the social relationship (0.709) was found to be significant to crowds congregate,
while engagement with the park was mainly influenced by age (2.47) and sports court
(0.377) (Figure 8).
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Figure 6. Sensitivity analysis on variables “crowds congregate” and “engagement with the park”
using the entropy reduction (mutual information) of fitness equipment space.

Figure 7. Sensitivity analysis on variables “crowds congregate” and “engagement with the park”
using the entropy reduction (mutual information) of path space.

Figure 8. Sensitivity analysis on variables “crowds congregate” and “engagement with the park”
using the entropy reduction (mutual information) of sports court space.

5. Discussion
5.1. The Sports Court Space Is Most Conducive to Enhance Social Interaction

In this study, three types of spaces in community sports parks were identified (fitness
equipment space, path space, and sports court space), and their influence mechanisms
with social interaction appeared to be different. Through the comparison, we found that
sports court space enhanced social interaction best, which means that in the future spatial
design of community sports parks, provision of basketball courts, badminton courts, and
other sports courts should be given priority. Meanwhile, attention should be paid to the
environmental quality design of spaces farther away from the community sports parks’
entrances to enhance the efficiency of space use.

5.2. The Influence Mechanisms to Enhance Social Interaction with Three Types of Sport Spaces in
Community Sprots Parks Are Different

The current study found that the influence mechanisms of three types of spaces to
enhance social interaction had common features. First, engagement with the park in
different types of spaces all influenced by social relationship. Second, the seats were the
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most important feature for encouraging leisure activity such as chatting and relaxing. Third,
social interactions in three types of spaces were influenced by the mediating variable of
“activity”. Additionally, the influence mechanisms also had significant differences.

5.2.1. Fitness Equipment Space: Physical Activity Mediate Crowds Congregate, Leisure
Activity Mediate Engagement with the Park

In fitness equipment space (Figure 9), physical activity mediated crowds congregate,
and the spatial factors influenced physical activity with fitness equipment, accessibility,
view obstacle, and green view index, consistent with the findings of an Australian study,
which showed that outdoor fitness equipment was effective in encouraging social inter-
action [53]. Results from our survey suggest, the usage of fitness equipment was higher,
closer to the park entrance, which supported previous research indicating the relationship
between accessibility and park social interaction [30]. Obstructed views influence people’s
perception of space safety, which in turn influenced the activity and social interactions [28].
Aram F et al. argued that crowds always tended to socialize in places with greenery [54].

Figure 9. Influence mechanism of fitness equipment space to enhance social interaction.

Furthermore, leisure activity mediated engagement with the park, and the spatial
factors influenced leisure activity including seats density. It could be indicated that seats
supported the leisure activity such as chatting, which were more likely to enhance deep
social interaction. Children’s play equipment had a direct influence on engagement with the
park. Previous studies on both children and adolescents’ social interaction suggested that
the provision of playground/outdoor fitness equipment might be a best way to encourage
park visitation [55].

Another important factor that directly influenced social interaction was individual
difference, social relationship, and age influenced engagement with the park, gender influ-
enced crowds congregate. For the common reason that most of the people are accompanied
by friends and family when visiting the park, highlighting the importance of social relation
aspects of park use [33]. Previous study showed that adults were more frequently observed
using outdoor fitness equipment, with very low numbers of older adults [56–58]. However,
our study result was in contrast to these previous studies indicated that fitness equipment
might appeal to a variety of old adults. That is no surprise that elderly using parks for
fitness activity is a common phenomenon in China. As more and more youngers have a
stressful life and do not have enough time for outdoor exercise, which means, underscoring
the importance of the park is an attractive feature for this target group [58]. Furthermore,
compared with men, women interact with each other in public space usually need a higher
perceived safety [59,60], which could explain the association between gender and crowds
congregate in this study.

5.2.2. Path Space: Leisure Activity Mediate Engagement with the Park, Spatial Factors
Directly Influence Crowds Congregate

In path space (Figure 10), leisure activity mediated engagement with the park, and
leisure activity was influenced by shrub area. At the same time, engagement with the park
was directly influenced by vegetation diversity. Overall, the results showed that landscape
and greening were the main influence factors of engagement with the park. On the one
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hand, individuals always tend to interact in spaces with rich landscape vegetation; on
the other hand, shrubs can provide sense of refuge [61,62], which is a prerequisite key for
promoting the perception of safety in individuals’ interaction.

Figure 10. Influence mechanism of path space to enhance social interaction.

Crowds congregate was mainly influenced by view obstacle, path width, and seats
density. Visually linked will increase a sense of safety for engagement and interaction [28],
and a prope path width can also enhance active interaction; the factors of view obstacle and
path width influenced crowds congregate interaction through psychological perception
and physical distance aspects. In addition, parks with benches are more popular due to
the opportunity to alternate between physical and leisure activity and to rest after physical
activity [63], which invariably increases the opportunities for interaction among strangers.

5.2.3. Sports Court Space: Engagement with the Park Is Mediated by Physical Activity and
Directly Influenced by Crowds Congregate

In sports court space (Figure 11), physical activity mediated engagement with the
park, while physical activity was mainly influenced by sports court, accessibility, tree cover,
and space enclosure. Previous evidence had shown that physical activity such as basketball,
badminton, and square dancing had a positive impact on deep interaction [20,21,64], which
was intrinsic to the influence of sports court on individuals’ park engagement. The spaces
near park entrances were more preferred by users, and directly linked the relation between
accessibility and physical activity. Adequate tree cover can also provide resting shade
spaces, especially in hot summer, which is suitable with residents’ physical activity needs.
Sports court without fences seemed to be more popular. It could attract more people and
lead to a better engagement with the park activity.

Figure 11. Influence mechanism of sports court space to enhance social interaction.

Because activity features in this type of space are obvious, especially basketball and
square dancing, the congregating number of people are usually above 10. These activities
always require a higher and closer cooperation among individual members [19–21], and
the participation is a deep interaction, leading to the results of crowds congregate influence
individuals’ engagement with the park. Moreover, research survey showed that watch
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the game (13%) accounts for the most among leisure activity. More seats provided facili-
ties for long-time game watching, therefore seats density is significantly influenced with
leisure activity.

Compared with the other two types of spaces, activities in sports court space were
mainly high-intensity ball sports, it would limit the participation of older adults, which
was the intrinsic reason for the association between age and engagement with the park.

5.3. Factors’ Influence Intensity with Three Types of Sports Spaces in Community Sports Parks

In terms of the intensity of influence factors, non-spatial factors were the ones that
strongly influenced all three types of spatial interactions. For example, physical activity
(1.23) and gender (0.955) had the strongest influence on fitness equipment space interactions,
age (2.47) also had a stronger influence on sports court space interactions. The reason may
be that the entropy reduction function analysis in Netica was only able to identify the
intensity of the direct influence variables on the target variables. Furthermore, the influence
mechanism of “Spatial Factors-Activity Type-Social Interaction” could be constructed for
all three types of spaces. Based on the BBNs obtained in this study, the threshold range
of spatial factors could be adjusted to enhance the effect of community sports parks on
social interaction.

5.4. Limitations

This study has a few limitations. The research procedure gave less insight regarding
external factors of the sample study units which may influence park social interaction. First,
most communities in China are closed, the other sports equipment inside the community
was ignored, they may have an impact on the park use. Second, we did not consider the
size of community sports parks. Previous research indicated that park size influenced
individuals’ use and might provide different attributes of human social interaction and well-
being [65], which is possible that there is, to some extent at least, a two-way relationship
between park size and the individuals’ use of our case study. Future studies should explore
this topic that shed more light on the existence and the direction of causality.

6. Conclusions

This study exposes the existing problems in planning and construction of community
sports parks, which may be critical for the residents’ social health benefits and enhancing
parks’ efficacy of interaction. This study compared the level of enhanced social interaction
with the different types of sports spaces in community sports parks. Sports court space was
found to be associated with a higher level of social interaction. The findings highlight the
influence mechanisms of fitness equipment space, path space, and sports court space to
enhance social interaction based on the obtained BBNs. The factors’ influence intensity in
each type of space was calculated which directly influenced social interaction. Based on the
influence mechanisms and factors’ influence intensity, the threshold range of spatial factors
could be adjusted to a certain extent, providing theoretical references for the construction
and spatial design to enhance the effect of community sports parks on social interaction in
the future.
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Appendix A. The Survey Questionnaire

Hello! I am a graduate student of the School of Architecture and Urban Planning
of Chongqing University. In order to enable our community sports park construction
to meet your life needs to the utmost extent, and to enhance community-neighborhood
communication, I would like to ask you some questions, please answer according to the
actual situation. The survey results are for academic research use only, and there is no right
or wrong answer. We assure not to disclose your personal information to the outside world.
Therefore, please do not have any worries when filling in, and just answer according to your
own real feelings. The whole process takes about 5 min, thank you for your cooperation!
Please tick “

√
” under the option that suits your personal situation.

Appendix A.1. The use of Community Sports Parks

Appendix A.1.1. The Name of the Park You Are Currently in

� Dashuijing Community Sports Park � Huilongwan Community Sports Park � Danlong
Community Sports Park

Appendix A.1.2. The Number of the Space Unit You Are Currently in

Appendix A.1.3. The Type of Activity You Are Currently Participating in

� Children’s equipment playing, � Fitness equipment, � Walking, � Running,
� Square dancing, � Enjoying the scenery, � Playing basketball, � Playing badminton, �
Playing table tennis, � Watching games, � Walking the dog, � Relaxation, � Childcare, �
Photo shoot, � Playing mobile, � Family gathering, � Chatting,
� Hanging out, � Neighborhood Meeting, � Children playing, � etc.

Appendix A.1.4. Do You Participate in This Type of Activity Alone (If Not, Please Fill in
the Next Question)?

� Yes � No

Appendix A.1.5. The Type of Social Relationship between You and Your Partner

� No partner � General neighbors � Familiar neighbors � Family/Friends

Appendix A.2. Engagement with the Park

Appendix A.2.1. What Do You Think about the Extent to Which Type of Activity You Are
Currently Participating in Has Promoted Social Interaction?

� Deep low � Very Low � Low � General � High � Very High � Deep High

Appendix A.2.2. The Intensity of Your Willingness to Choose This Space Unit as Your
Preferred Activity Space

� Deep low � Very Low � Low � General � High � Very High � Deep High

Appendix A.2.3. The General Frequency of Your Daily Visit to This Park

� Deep low � Very Low � Low � General � High � Very High � Deep High

Appendix A.3. Personal Situation

Appendix A.3.1. Your Gender

� Male � Female

Appendix A.3.2. Your Age

� Under 14 � 15–25 � 26–35 � 36–45 � 46–55 � 55–65 � Over 65
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Appendix A.3.3. Your Education Level

� Elementary School � Junior High School � Senior High School/Technical School �
Junior Technical School � Senior Technical School�College�Undergraduate�Postgraduate

Appendix A.3.4. Your Occupation

� Heads of state agencies, party organizations, enterprise networks, and public institu-
tions

� Professional skill worker
� Clerks and related personnel
� Commercial and service industry personnel
� student
� Skilled workers
� Unprofessional workers
� Self-employed
� Temporary worker
� other

Appendix A.3.5. Your Financial Income

� Below 1000 yuan � 1000–3000 yuan � 3000–5000 yuan
� 5000–10,000 yuan � 10,000 yuan or more

Thank you again for your cooperation and wish you a happy life!
Appendix A is an optional section that can contain details and supplemental to

the main text—this survey questionnaire would disrupt the flow of the main text but
nonetheless remain crucial to understanding and reproducing the research shown, that
would make the process of our survey for engagement with the park more easy and clear
to understand.
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