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Abstract: The general consensus is that physical activity can prevent and manage lifestyle-induced
chronic diseases, and moderate-to-vigorous physical activity (MVPA) has been included in several
guidelines of WHO as an indicative intensity standard. Numerous studies have confirmed that
improving the spatial quality of urban parks can be very helpful in supporting physical activities, and
that the quality of parks is significantly related to the intensity of physical activities. However, few
studies have explored the spatial characteristics of activating physical activities. Using a modified
System for Observing Play and Recreation in Communities (SOPARC), this study examines the
relationship between spatial characteristics and MVPA through a binary logistic regression model.
The results reveal that: firstly, inconsistent with other similar studies, the most observed group in
the park is the adults rather than the seniors, and the proportion of the females (51%) is higher;
secondly, the distribution of MVPA in different groups shows that the seniors have less interaction
with other groups, and they have a significant spatial attachment. Thirdly, in functionality, large lawn
and jogging trails have been proved to be the most effective features to promote the occurrence of
MVPA; among the activity, except for the significant correlation between equipped and MVPA, other
attributes can be proved to encourage MVPA as well as those in comfort. In conclusion, our results
can contribute to the planning and design of the urban park as well as the further management and
allocation of the space and facilities under the vision of promoting public health.

Keywords: urban park; park spatial characteristics; spatial distribution; moderate-to-vigorous
physical activity (MVPA); the System for Observing Play and Recreation in Communities (SOPARC);
public health; post-COVID-19 era; China

1. Introduction

Across the globe, urban policy makers are increasingly exploring solutions to improve
the sub-healthy living conditions of urban people. The World Health Organization (WHO)
stated that “regular physical activity can prevent and manage many chronic diseases, as
well as reduce symptoms of depression and anxiety, and strengthen thinking and learning
skills” [1-3], and developed guidelines to put forward suggestions on exercise duration,
frequency, and intensity for people of different ages. Evidence shows that moderate-to-
vigorous physical activities (MVPA) can improve physical and mental health of different age
groups and patients with chronic diseases such as obesity and cardiovascular disease [4-7].

Promoting the service level for physical activity by improving the spatial quality of
urban parks is a key strategy for promoting public health [8]. Numerous studies have
shown that physical activity in the natural environment has considerable benefits for mental
health in the urban city [9,10]. In the COVID-19 pandemic, Yang et al. [11] confirmed the role
of urban greening in alleviating the reduction of people’s movement during the epidemic.
Compared with the enclosed environment inside a building, green spaces in urban parks
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are considered to provide additional resilience to the city’s public health by effectively
maintaining social distancing [12-14]. The green space index (e.g., Normalized Difference
Vegetation Index of NDVI; Green View Index of GVI) calculated by remote sensing data or
street view data in existing studies has widely confirmed the promotion of green exposure
in parks on physical activities [15]. However, these studies have explored less the spatial
types and characteristics that stimulate physical activity.

Exploring the park spaces and facilities that attract different groups to engage in
physical activities can help guide the optimization of urban parks and enhance the overall
vitality of parks for multi-user needs [16]. Different age groups have distinct spatial
preferences and usage patterns when engaging in physical activities in parks. For instance,
Yu Bao et al. [17] found that children prefer semi-open spaces composed of dense vegetation
and diverse entertainment facilities. Rehrer et al. [18,19] mentioned that teenagers favor
large open spaces, which can provide places for them to meet, have a picnic, and play
outdoor games. Van Hecke [20] showed that outdoor venues providing sports-related
facilities can promote physical activities of children aged 5-11. Lu et al. [21] found that the
seniors tend to have physical activities on the walking paths and in the shade. Park spaces
and facilities also influence the intensity of physical activity levels. In Kemperman’s [22]
study, adults and seniors prefer to engage in MVPA such as Tai Chi and square dancing
on well-paved plazas. Zhai et al. [23] found that the time spent by seniors on lawns
is negatively correlated with their participation in MVPA, indicating that their physical
activity intensity is influenced by such spaces. In another study, Zhai et al. [24] found that
adults who enter parks with their children engage in more group MVPA activities in spaces
with a stronger natural atmosphere.

In general, park quality is directly and significantly related to physical activity in-
tensity. Several studies identify park quality as the presence of specific park features
or characteristics [25], such as spatial comfort and usability. These differences in park
spatial characteristics can lead visitors to exhibit varying levels of activity preferences
in similar types of spaces, thereby affecting the health benefits of park greenery for indi-
viduals [26]. For example, Jenny Veitch et al. [27] found that walkways with sufficient
widths for two-way walking are more popular because they are more comfortable to use
and are considered an important factor in promoting MVPA. Bai et al. [28] showed that
residents’ higher levels of MVPA is associated with better cleanliness and usability of
parks. Other spatial elements such as accessibility [29] and shade [30] have been shown
related to the occurrence of MVPA. Strengthening the understanding of the causal rela-
tionship between park spatial characteristics and MVPA can effectively provide guidance
for further promoting physical activity levels in park planning and design from a park
quality perspective.

The monitoring of physical activity behavior of urban park visitors is the core content
to analyze the interaction mechanism between spatial environment and public health [31].
The methods used in the existing research on physical activity and green spaces are mostly
based on self-reported questionnaires (e.g., HKTCS, IPAQ), which may be subjective and
self-reflective. The accelerometer method can reflect the activity characteristics of several
groups, but to present the overall physical activity in a specific area of the park is difficult.
In the monitoring process for group activities, the number of visitors and physical activity
types vary greatly given the complex configuration of the urban park space environment
where the System for Observing Play and Recreation in Communities (SOPARC) is often
used as the main observation method. Moreover, the systematic observation method can ef-
fectively reduce the direct contact among people in the research process and allow the quick
understanding of the physical activity level of urban park visitors in the post-COVID-19 era.
The SOPARC mainly tracks visitors’ social information and instantaneous levels and types
of physical activity, but rarely involves the influence of spatial environment on the physical
activity [29,32]. Additionally, the majority of studies that have used the SOPARC method
expressed the results in the form of graphs, without correlating how spatial information
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affected their conclusions [33,34], and thus cannot provide direct guidance for the design
of urban parks.

In summary, strong evidence supports the positive role of park green space in pro-
moting the MVPA of visitors. However, localized empirical studies in China are lacking
in activities and spatial type preferences of different age groups and the spatial charac-
teristics that encourage MVPA in parks. The present study uses the SOPARC to count
park visitors” physical activity and park spatial characteristics, graphically represents
the spatial distribution of MVPA among various groups in parks, and finally, it explores
the correlation between MVPA and park spatial characteristics. To guide the rational
allocation of space types and facilities in the planning and design of urban parks, we aim
to explore the following issues: (1) Which spaces are preferred by different age groups for
MVPA behavior? (2) What are the spatial characteristics of urban parks that encourage
MVPA of visitors?

2. Materials and Methods
2.1. Study Area

China’s major cities are undergoing an intense period of traditional urban park re-
newal. Coordinating the balance between the traditional landscape of urban parks and the
changes in modern urban life, realizing the sharing of ecological landscape and environ-
ment, and enhancing the environmental quality to promote healthy physical exercise are
important trends [35,36]. In the park internal implementation and physical environment
optimization, increased attention is paid to the spatial environment needs of the visitors’
physical activities. Tianhe Park in Guangzhou, which covers an area of 70.7 hectares, is a
representative case of a regional comprehensive park with an average daily visitor volume
of 10,000 to 20,000. In recent years, leisure and jogging trails with complete outdoor activity
places and facilities have been added to the park, and have been shown ideal for leisure
and sports activities of the surrounding residents (Figure 1). The Tianhe Park empirical
research, which can better characterize the activities of citizens in China’s new urban parks
environment, is used to examine the special case of the post-COVID era.

Figure 1. Maps and sceneries of Tianhe Park, (A-F) show different forms of scenery.

2.2. Study Method
2.2.1. Method Introduction

SOPARC was first proposed by McKenzie [37], a scholar from the San Diego State
University, in 2006. The method is a systematic observation based on instantaneous batch
sampling technology, which is specially used for collecting information on physical activity
and park use. The observation collection technology is suitable for the diverse and open
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community environment, and allows for easy standardizing of demographic statistics,
such as race, age, and gender of the participants. The method application is based on the
SOPARC observation scale.

On the basis of the observation scale proposed by McKenzie, we refine the classification
of physical activity and indicators of spatial characteristics. The following section mainly
describes the SOPARC method in detail from the aspects of observation area division,
physical activity recording, park space feature recording, and data collection and analysis,
as shown in Figure 2.

Target area division

Total of 80 target
observation areas
A=16 B=13 C=12

_ = D=12 E=14 F=13
Physical activity record

Total of 11 categories includ-
ing 54 types of activities

y
Park spatial environmen-
tal characteristics records

Preliminary Preparation

3 categories of functionality,
comfort and mobility,
with a total of 8 factors

A 4

A

Observation mode

Y

3 days, 4 times a day for a total
of 12 times

Data collection 4 time periods:

7:30 to 10:30;10:30 to 13:30;

15:00 to 18:00;18:00 to 21:00

Formal Observation

v

Data processing analysis

Figure 2. Experimental procedure flow chart.

2.2.2. Target Area Division

This study excludes areas that were closed for construction and thus inaccessible. The
entire park is divided into six zones (A-F) based on spatial function, form, and appearance.
A total of 80 target observation areas were delineated based on the park’s road network, as
shown in Figure 3 (A =16, B =13, C =12, D =12, E = 14, F = 13). The gray areas represent
the closed-off sections due to subway construction. Given that several observation areas
had topographical features or buildings, observers selected one to three observation points
based on the specific conditions to ensure an accurate count of all active individuals within
the study area. This approach ensured that the observer’s line of sight covered the entire
observation area.
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Figure 3. Delineate the target area.

2.2.3. Physical Activity Record

The SOPARC is well-established for monitoring the physical activity behavior of urban
park visitors [38,39]. For the purpose of the present study, we based our analysis objectives
and reference the activity intensity categories defined by Ainsworth [40] and Qiu [41].
Visitors sitting or standing while engaged in leisurely activities such as talking were recorded
as sedentary behavior (SB), and walking at normal speed was recorded as light physical
activity (LPA). More intense activities were recorded as MVPA. In terms of activity types, Tai
Chi, Tai Chi-sword, and other activities unique to the Chinese region were added on the basis
of on-site observations. See Appendix A for details. According to the population division
standards of physical activity guidelines from various countries [42—44], the observed people
were divided into four age groups: children—0-11 years old, teenagers—12-17 years old,
middle-aged—18-59 years old, and seniors—over 60 years old.

2.2.4. Park Characteristic Records

In this study, the spatial characteristics of the park were defined as environmental
variables related to physical activities at the level of activity perception, which is consistent
with the definitions in similar previous studies [45,46]. Based on the environmental records
in McKenzie’s SOPARC table, variables such as temperature [47], shade [30], and spatial
type [48] were added to the statistics. These variables have been proven to have a significant
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correlation with the physical activities in the park. The spatial characteristics were divided
into three categories—functionality, comfort, and activity—with a total of eight factors.
The definitions and classifications of the scales are shown in Table 1. Static environmental
information was only recorded during the first observation, whereas the area’s light and
temperature needs were recorded at each observation.

Table 1. Park characteristics variable and definition.

Characteristics Variable Definition
a. Paved plaza;
b. Large lawn; The most dominant type of space that supports
c. Waterfront plaza; physical activity—for example, in the case of B6
. . d. Walkway; area where most of the space is occupied b
# Y P P Y
Functionality Space type e. Jogging trail; impenetrable forests and the activities mostly
f. Waterfront trail; take place on the paved plaza, the spatial type of
g. Shelters; B6 is considered as paved plaza.
h. Garden within garden
Comfort Light a. Shady; b. Moderate; c. Bleft ~ The bleftness of light, including evening lighting
Temperature # a. Cool; b. Moderate; c. Hot Direct perception of temperature
Shade * a. Good; b. General Degree of shade
Activity Usable a. Good; b. General Degree of support for physical activity
Accessible a. Good; b. General Fencing, dense planting, etc. affecting access
Supervised a. Yes; b. No Supe1jv151on of behavior in the area by
security personnel
Equipped a. Yes; b. No Single bar, twister, and other fitness equipment

Note: Those marked with # are new variables added to the study.

2.3. Data Collection

The study selected six students—three males and three females of relevant majors—as
SOPARC observers by relying on the platform of colleges and universities. Before data
collection, they received observation training through videos and actual cases to familiarize
themselves with the definitions and actual operation requirements of various items in the
SOPARC procedure, to ensure the consistency of the distinction among people of all ages
and physical activity levels.

To ensure the objectivity of data acquisition and avoid the contingency of a single
survey, we carried out this study between October and November 2021 during sunny days,
excluding adverse weather factors such as thunderstorms and cloudy weather. Three valid
observations were made, including one weekday and two weekends. During the observa-
tion period, the highest temperature was 24 £ 6 °C, lowest temperature was 15.5 £ 4.5 °C,
relative humidity was 68 + 13%, and the wind force was level 2. Prior to the formal
observation, a full-day preliminary survey was carried out at Tianhe Park, which showed
the peak periods of visitor flow were from 6:00 to 11:30 and from 17:30 to 22:00. To ensure
the statistical quantity of visitors, four observation periods were selected—7:30 to 10:30,
10:30 to 13:30, 15:00 to 18:00, and 18:00 to 21:00—with four rounds of observation a day [49]
to ensure the scientific accuracy of the SOPARC statistical data. During the formal observa-
tion, each observer was responsible for collecting data for 10 min per designated area. The
information was recorded manually in a designated form, as shown in Appendix B. After
the data collection was completed, the observer moved to the adjacent area to prepare for
the next round of observation.

2.4. Data Analysis

After the observation, the spatial environmental information, subject characteristics,
and physical activity intensity, and the type data from each observation area were sum-
marized. To better promote the public health benefits of urban parks, we focused on the
spatial requirements of MVPA. By visualizing the distribution of MVPA among different
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age groups using Arcgis10.8, we can better understand the spatial preferences of MVPA for
each group. In addition, to explore the association between MVPA and spatial character-
istics in parks, we adopt the binary logistic regression model, with spatial characteristics
factors as independent variables and physical activity intensity as dependent variables.
Widely used for binary classification problems and facilitating the observation of sample
probability scores, the model classified physical activity intensity into “with MVPA” and
“without MVPA” categories for the present analysis. All aforementioned statistical analyses
were realized by using SPSS 19.0 software.

3. Results
3.1. Descriptive Statistics

Table 2 shows the spatial characteristics of Tianhe Park. Functionally, the space types
that mainly support physical activities are paved plaza and walkway. In terms of comfort,
according to the observation of different periods, the park has moderate overall light and
slightly cool temperature. Most observation areas in the park have good shade, although
a few observation areas are slightly insufficient due to tree thinning during the park
renovation in recent years. In terms of activity, the usability and accessibility of the space is
good, although a few areas are supervised. Moreover, the park has fewer pieces of fitness
equipment, the majority of which require updating or repair.

Table 2. Descriptive statistics of park spatial characteristics.

Characteristics Variable N
Functionality Space type Paved plaza 24 (30.0%)
Large lawn 3 (3.8%)
Waterfront plaza 2 (2.5%)
Walkway 27 (33.8%)
Jogging trail 7 (8.6%)
Waterfront trail 12 (15.0%)
Shelters 3 (3.8%)
Garden within garden 2 (2.5%)
Comfort Light Shady 182 (19.0%)
Moderate 567 (59.0%)
Bleft 211 (22.0%)
Temperature Cool 406 (42.3%)
Moderate 456 (47.5%)
Hot 98 (10.2%)
Shade Good 48 (60.0%)
General 32 (40.0%)
Activity Usable Good 68 (85.0%)
General 12 (15.0%)
Accessible Good 72 (90.0%)
General 8 (10.0%)
Supervised Yes 24 (30.0%)
No 56 (70.0%)
Equipped Yes 15 (18.8%)
No 658 (1.3%)

Table 3 summarizes the age, gender composition, and park usage of the observed
individuals. A total of 33,946 visitors were observed and had a significant variation in age
composition, of which more than 52% were middle-aged and only 4% were teenagers. In
terms of gender, males accounted for 65% of the teenage population and were significantly
more than females, while no significant differences were observed among other age groups.
In terms of usage time, visitors of all age groups mostly visited the park on weekends, with
only 13% of teenagers observed on weekdays. In terms of usage period, all groups had low
observations during the night; in particular, the seniors mostly used the park during the
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day and only 11% were observed entering the park at night. Children often used the park
at noon and afternoon, while teenagers were more frequently observed in the morning and
afternoon. As for the largest group of adults, their use of parks was observed mainly in the
afternoon. In terms of physical activity level, the seniors mainly engaged in SB, and the
proportion of LPA was the greatest in adults. Notably, the teenage group had a significantly
higher proportion of MVPA, at 39%.

Table 3. Characteristics of age groups observed in the park.

Children Teenagers Adults Seniors Total
(n = 3938) (n =1291) (n =17,659) (n = 11,058) (n = 33,946)
N % N Y% N Y% N % N Y%
Gender
Female 1918 49 448 35 9007 51 5802 52 17,175 51
Male 2020 51 843 65 8652 49 5256 48 16,771 49
Usage Time
Weekday 829 21 172 13 5052 29 3395 31 9448 28
Weekend 3109 79 1119 87 12,607 71 7663 69 24,498 72
Usage Period
Morning 523 13 324 25 3454 20 3285 30 7586 22
Noon 1338 34 245 19 3984 22 3210 29 8777 26
Afternoon 1429 36 485 38 6201 35 3377 30 11,492 34
Night 648 17 237 18 4020 23 1186 11 6091 18
PA. Level
SB 1606 41 382 30 6771 38 5198 47 13,957 41
LPA 1575 40 399 31 8132 46 4497 41 14,603 43
MVPA 757 19 510 39 2756 16 1363 12 5386 16

Abbreviations: Physical activity level, P.A. Level; Sedentary behavior, SB; Light physical activity, LPA; Moderate-
to-vigorous physical activities, MVPA.

Table 4 summarizes the types of physical activity and the observed frequencies in
different age groups. Linear activities such as walking and running were found as the
main physical activities of residents in urban green spaces. Sitting on benches, lawns, and
stair plazas to watch passersby or natural scenery was also popular among visitors of all
ages. MVPA types varied among the different age groups, who showed other preferences
in addition to walking and running. For example, children were observed to engage
in activities such as chasing, riding bicycles, and playing with toys with their parents.
Teenagers tended to participate in sports such as soccer and badminton. Young adults had
a wide range of MVPA, but after walking and running, jogging was the most frequently
observed activity. Many seniors were observed to engage in group activities with Chinese
characteristics, such as square dancing, Tai Chi, and Tai Chi-sword.

3.2. Spatial Location of MVPA Observed in Different Age Groups

Figure 4 shows the number of MVPA participants in different types of spaces across
age groups. The data show that adults and seniors engage in MVPA in similar types of
spaces, mainly on paved plaza, walkways, and waterfront trail. By contrast, children and
teenagers prefer to engage in MVPA on large lawns rather than waterfront trail, in addition
to the paved plaza and walkways. Notably, the paved plaza are the gathering places for
MVPA among children, adults, and seniors, while large lawns are the favorite spaces for
MVPA among teenagers. Details can be found in Appendix C.
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Table 4. Descriptive statistics of the types of physical activity in age groups.

Age Group Physical Activity Types
Children SB Sit idle (313), stand (86), lie flat (14), (2), squat (2)
LPA Walk (333), bird-watching (8), picnic (2), recitation (1), stretch (1)

Run (104), chase (50), ride (25), play with toys (47), badminton (24), jump rope (14), soccer (13),
MVPA climb (7), basketball (7), jump (5), pulley (5), jog (4), skateboard (3), volleyball (3),

blow bubbles (2), tai chi (2), dance (2), tennis (2), Tai Chi-sword, catch fish (2), roll (1), table

tennis (1), shuttlecock (1), play instrument (1)

Teenagers SB Sit idle (47), stand (22)
LPA Walk (146), stretch (5), photography (2), feed the fish (1), bird-watching (1)
Run (73), football (19), badminton (10), fitness (8), cycle (6), jog (5), dance, (2), chase (2),
MVPA shuttlecock (1), jump (1), gymnastics (1), play with toys (1), skateboard (1), race-walking (1),
basketball (1), dog-walking (1)

Adults SB Sit idle (496), stand (171), lie flat (3)
LPA Walk (845), stretch (84), picnic (11), photography (11), bird-watching (9), read (3), recitation (1),
play poker (1), feed the fish (1), play chess (28)

Run (340), jog (95), badminton (64), square dance (39), shuttlecock (26), table tennis (21), dance
(19), sing (17), tai chi (15), fitness (14), dog-walking (12), jump rope (10), race-walking (10), play

MVPA instrument (9), cycle (9), Tai Chi-sword (6), gymnastics (5), football (5), yoga (4), handstand (2),
play with toys (2), basketball (2), cricket (2), pulley (2), chase (2), blow bubbles (1), climb (1),
calligraphy (1), jump (1), tennis (1), hula hoop (1)
Seniors SB Sit idle (405), stand (114)
LPA Walk (732), stretch (54), play chess (41), play poker (14), bird-watching (9), photography (3)

Run (112), square dance (66), tai chi (47), jog (40), badminton (37), playing an instrument (30),

MVPA singing (22), shuttlecock (18), table tennis (15), Tai Chi-sword (15), dog-walking (13), dance (10),
shuttlecock (10), race-walking (9), fan-dancing (9), fitness (6), gymnastics (7), Cantonese opera (5),
calligraphy (3), jump rope (2), football (1), basketball (1), diabolo (1)

Note: The numbers in parentheses represent the total number of times the age group was observed to engage in a
particular physical activity.

1200 1002

1000 L 767
12

<
&
E 800
2 I
© 600 422
2
= 325
g 400 289 237 I 182 Lgs
7. 61 178 -
200 I 113_[ 34 523 6 :[ 24
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Space type garden
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Figure 4. Number of MVPA of different age groups in each space type.

Table 5 summarizes the average number of MVPA participants in gathering spaces
across different age groups. Although children, adults, and seniors mainly gathered in the
paved plaza for MVPA, the average number of participants is much smaller than that in
large lawns. The children and teenagers carried out an average number of 38 and 58 MVPA
on large lawns compared with an average number of 12 and 7 on the paved plaza. By
contrast, the seniors carried out an average number of 30 MVPA on paved plaza and only
12 on large lawns. ANOVA Post Hoc test (LSD) analysis indicates significant differences
in the distribution of MVPA among children and teenagers in space types, demonstrating
that large lawns are preferred by these younger age groups, particularly teenagers, and
have significantly greater MVPA numbers based on mean deviation (MD). Furthermore,
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multiple comparisons revealed that compared with paved plaza, the seniors do not appear
to prefer spaces specifically designed for physical activity such as jogging trails.

Table 5. Average number of MVPAs of different ages in the agglomeration.

MVPA Number (Mean)
Space Type Children Teenagers Adults Seniors Total

Paved plaza 12 7 42 30 91
Large lawn 38 58 86 12 194
Waterfront plaza 9 1 11 5 26
Walkway 7 3 28 12 50
Jogging trail 7 5 26 5 43
Waterfront trail 5 1 35 17 58
Shelters 5 6 16 8 35
Garden within garden 16 9 29 12 66

Figure 5 provides a visual representation of the spatial distribution of MVPA among
different age groups. MVPA among children and teenagers is concentrated in the northwest
corner of the park, with the latter gathering in two large lawns and adjacent paved plazas,
while children showed high MVPA in the plaza at the north entrance. MVPA among adults
is mainly distributed in the northeast corner of the park with a scattered distribution, and
also in the spaces where MVPA is more prevalent among children and teenagers. The
distribution of MVPA among the seniors and other age groups, especially teenagers, has
little overlap, and is mainly concentrated in spaces near the park’s water bodies. Overall,
the park has a unique distribution of MVPA among different age groups.

3.3. Relationship between Park Spatial Characteristics and MVPA

Table 6 summarizes the association between the spatial characteristics and the physical
activity of the observed park visitors by testing the likelihood ratio of the binary logistics
regression model and considering the differences in park use characteristics. Statistical
results show that 2 = 27,226.9, p < 0.001, indicating the significance of the regression
model. According to the parameter estimation results of the regression coefficient (Beta)
and relative odds ratio (OR) in the table, and taking non-MVPA physical activity (a set of
SPA and LPA) as a control, the output results of the logistics model are characterized as
follows at o« = 0.05 level.

Among the demographic factors, no significant difference is observed in the MVPA
during weekdays and weekends. The probability of MVPA activity is higher in the morning
(OR =1.364, p < 0.001), whereas the probability of mild to moderate physical activity is
higher in the noon and afternoon (OR = 0.542, p < 0.001 and OR = 0.344, p < 0.001). The
probability of MVPA activity is highest among teenagers (OR = 4.368, p < 0.001). No
significant correlation was observed between gender difference and MVPA level.

Among the spatial functional factors, only large lawns, waterfront plazas, jogging trails,
and waterfront trails are significantly associated with MVPA. When the most important
spatial type supporting physical activity in the area is a large lawn, the probability of MVPA
activity significantly increases (OR = 2.781, p < 0.001). The level of MVPA is also higher on
the jogging trails (OR = 1.369, p = 0.015). When the main spatial types are waterfront plaza
and trail, moderate-to-mild physical activity is more likely to be carried out (OR = 0.211,
p <0.001 and OR = 0.489, p < 0.001).
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Figure 5. Distribution of MVPA activities in different age groups, (a) dedicated children, (b) dedicated
teenagers, (c¢) dedicated adults, and (d) dedicated seniors.

Table 6. Relationship between park spatial characteristics and MVPA.

Variable Sig. OR Lower 95% CI Upper
Usage Time Weekday p =0.056 1.070 0.998 1.146
Weekend Reference
Usage Period Morning p <0.001 1.364 1.239 1.501
Noon p <0.001 0.542 0.488 0.602
Afternoon p <0.001 0.344 0.312 0.379
Night Reference
Age Group Children p <0.001 1.871 1.687 2.075
Teenagers p <0.001 4.368 3.810 5.007
Adults p < 0.001 1.343 1.248 1.447
Seniors Reference
Gender Male p =0.668 1.013 0.953 1.077
female Reference
Space type Paved plaza p=0.572 1.066 0.855 1.329
Large lawn p <0.001 2.325 1.812 2.982

Waterfront spaza p <0.001 0.269 0.187 0.386
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Table 6. Cont.

0,
Variable Sig. OR Lower 95% CI Upper
Walkway p=0.159 0.854 0.686 1.064
Jogging trail p=0.015 1.369 1.062 1.765
Waterfront trail p <0.001 0.626 0.498 0.786
Shelters p =0.806 1.039 0.764 1.414
Garden within
Reference
garden
Light Shady p =0.001 0.827 0.740 0.924
Moderate p =0.002 0.874 0.803 0.951
Bright Reference
Temperature Cool p <0.001 1.282 1.140 1.442
Moderate p <0.001 1.275 1.135 1.431
Hot Reference
Shade Good p =0.002 1.127 1.045 1.217
General Reference
Usable Good p=0.017 0.855 0.751 0.972
General Reference
Accessible Good p=0.016 1.232 1.040 1.460
General Reference
Supervised Yes p <0.001 0.787 0.726 0.854
No Reference
Equipped Yes p=0.054 1.082 0.999 1.172
No Reference

Among the factors of environmental comfort, light, temperature, and shade are sig-
nificantly correlated with MVPA. When the area has dark and moderate light, mild to
moderate physical activity is more likely carried out (OR = 0.827, p = 0.001 and OR = 0.874,
p = 0.002), while cool and moderate light is more conducive to MVPA activity (OR = 1.282,
p <0.001 and OR = 1.275, respectively, p < 0.001). More MVPA activities can be performed
in areas with good shade (OR = 1.127, p = 0.002).

Among the spatial activity factors, nearly all variables except fitness equipment
are associated with MVPA. When the environment is more usable, the probability of
MVPA activity is lower (OR = 0.855, p = 0.017). When the area has good environmental
accessibility, the probability of MVPA is high (OR = 1.232, p = 0.016). When the area is
supervised, park visitors are more likely to engage in mild to moderate physical activities
(OR =0.787, p < 0.001).

4. Discussion

In the context of the post-COVID-19 era, urban parks—as outdoor places that allow
direct contact with the natural environment—are more popular among citizens. Exploring
the usage characteristics of citizens in urban parks and clarifying the spatial characteristics
that promote MVPA play an important role in achieving sustainable development of urban
public health. The research findings indicate that different population groups vary in usage
preferences for parks, such as usage characteristics, activity types, and spatial distribution.
Spaces such as large lawns and jogging paths also promote MVPA behavior. The following
three sections discuss the main survey results.

4.1. Park Uses in Different Age Groups

In this study, the SOPARC method is used to explore the population composition and
usage characteristics of Tianhe Park in Guangzhou in the post-COVID-19 era. In most
studies, males are observed to outnumber females in parks [38]. However, in this study,
only the teen-aged group shows a significant gender difference, with more male visitors
(65.30%) than females. However, overall, more females than males are observed in the park.
The speculation is that Tianhe Park has more paved plazas, which are suitable for group
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activities and are proven to meet the activity needs of females [50]. The observed physical
activities of park visitors in this study are similar to those in other studies conducted in
Asia [51], with walking and running being the primary physical activities of citizens in
urban green spaces. Additionally, the study finds that the usage characteristics and types
of MVPA vary among age groups in the park. Children tend to engage in family activities
such as chasing, cycling, and playing with toys in the park in the afternoon. Teenagers
account for only 4% of park visitors, mostly using the park on weekends in the morning
and afternoon for sports such as football and badminton, with a much greater proportion
of MVPA than other age groups, consistent with the findings of Xu Yan of physical activity
among park visitors in four parks in Wuhan [52]. Adults are the primary park visitors
(52%), unlike similar studies in China where the main visitor group are often seniors [52,53].
The more open and high-quality sports environment of Tianhe Park after renovation is
speculated to be more attractive to adults, who tend to use the park in the afternoon for a
wide variety of linear MVPA types. Seniors heavily use the park during daytime (79%),
engaging in group activities with Chinese characteristics such as square dancing, Tai Chi,
and Tai Chi-sword, among others.

Parks, as a public space, need considerations in meeting the needs of all age groups,
with attention to vulnerable or special groups such as seniors, children, pregnant women,
and people with disabilities. However, from the perspective of social resource service
efficiency, parks must identify their main target groups during the planning and design
phase and comprehensively consider their service priorities, and then formulate planning
and design strategies based on these considerations. The main visitors of Tianhe Park are
adults, and in the subsequent planning process, their physical activity needs need full
consideration. After ensuring meeting the needs of the main target group, the park spaces
can be expanded to attract other groups.

4.2. Spatial Distribution Characteristics of MVPA among Different Age Groups

The paved plaza and walkways are the main spaces for MVPA for all age groups in
the park in this study. The large lawn, followed by the paved plaza, is the space with the
greatest average number of MVPA individuals. Different spatial distributions of MVPA in
urban parks are observed among the age groups, forming unique activity spaces for each
group. MVPA for children and teenagers is concentrated in the northwest area of the park,
with children’s MVPA distribution being slightly more dispersed compared with those of
teenagers and showing a high distribution in the North Gate entrance plaza. The reason is
that these areas underwent significant renovations in 2018, with the removal of the park
fence and the thinning of the densely planted woody plant belt along the park boundary,
which added a series of open spaces and facilities and provided a better environment
for physical exercise, consistent with the conclusions of scholars such as Evenson and
Vert [31,54,55]. MVPA distribution for adults are mainly carried out in the northeast of the
park and relatively scattered, similar to that of children and teenagers, possibly because
these three groups often visit the park together as families. MVPA distribution for the
seniors shows a unique spatial distribution, with little intersection with that of other age
groups, and more often occurring in areas they have been using for a long time and are
thus not included in the extensively renovated areas of the park. Most of the seniors are
retired and their lives are more closely linked to the park, their attachment to activity
places is greater, consistent with Wu and Lin’s observation conclusions in other parks in
Guangzhou [56]. These seniors prefer to exercise in a familiar environment and a quiet
space atmosphere, which is why they have less intersection with other age groups. In
addition, spaces that provide professional physical activity services, such as jogging trails,
are not favored by the seniors. This finding shows that the modernization of Tianhe
Park has not achieved the expected improvement in the MVPA level of seniors through
the strengthening of the environmental function of physical exercise. The distribution
characteristics also shows that more modernized environments have a significant appeal
for other age groups for MVPA activities.
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People’s preferences for activity spaces are closely related to their life experiences.
To promote health through exercise, we summarize the regularity of different groups in
spatial selection and demand based on the differential behavioral characteristics of park
usage, analyze the space based on these regularities, and explore the general rules that
can adapt to different group activities. Thus, this study provides methodological and
conceptual guidance for urban park space planning and design. The attitudes of the
seniors in Tianhe Park towards the extensively renovated and the long-term use areas
are completely different when they are active, but this does not mean that they reject the
appropriate updates to optimize the activity experience in the park. This conclusion can
provide guidance for serving seniors in park planning.

4.3. Correlation between Park Spatial Characteristics and MVPA

The results of this study confirm that a park’s spatial characteristics are significantly
associated with MVPA activity. From the perspective of functionality, in non-traffic spaces,
the MVPA level of a large lawn is significantly higher than those in other areas. Compared
with paved plazas and jogging trails, the large lawn has a softer surface, a more comfortable
temperature, and is less disturbed by traffic behavior. Thus, large lawns are often the
preferred place for parent—child activities. This finding is consistent with the promotion
effects of a large lawn on physical activity levels in existing studies [57,58]. Areas such as
the waterfront trail and plaza are important places for the physical activity of the seniors,
and the overall MVPA level is also low. In the traffic spaces, the association between
walkways and MVPA is weak, a result that differs from that of the existing research,
wherein such spaces have a higher attractiveness for MVPA activities, such as race walking
and running [59]. The specific design characteristics of the park road, such as slope and
pavement, affect the occurrence of MVPA [60]. Jogging trails are positively correlated
with MVPA, which proves that such facilities can reach the desired effect, specifically for
engaging in physical activity in parks [61].

From the perspective of comfort, more MVPAs are observed in environments with
bright light, moderate temperature, and good shade. The well-lit areas in the park benefit
from openness to the high sky during the day and full lighting facilities at night. In
recent years, a large number of trees have been removed in several areas of the park, and
the strong direct sunlight from noon to afternoon has caused high temperatures in the
environment. Consistent with other studies, visitors are less willing to move in high-
temperature environments [47]. Therefore, sufficient shading while meeting the light
requirements to provide a comfortable activity environment is an effective measure to
encourage MVPA.

From the perspective of activity, MVPA is more likely to be facilitated in spaces with
average usability, good accessibility, and lack of supervision. Previous studies have shown
that higher accessibility in parks can provide more opportunities for visitors to carry out
activities [29,62]. The present study finds that good accessibility in the environment is
associated with a decrease in the incidence of MVPA. Through the comparison of envi-
ronmental characteristics, we find that two target areas are generally unusable because
of the lack of shade and wet ground. However, in suitable weather conditions, the areas
have more paved space for physical activities, and visitors are more active. In addition,
although several observation areas are adjacent to the subway construction, with noise and
too-narrow roads that are not usual for physical activity support, still more MVPA occurs
as a necessary route to connect other areas. The dense ground cover and steep mountain
forest in the park have a significant impact on accessibility, and the direct obstruction to
activities also affects the MVPA. Evidence has shown that fitness equipment is strongly
associated with MVPA [20], and the maintenance of facilities often affects their promotion
of MVPA [63]. However, MVPA levels in areas with fitness equipment in this study are
not improved accordingly, which may be related to the lack of updating and maintenance
of fitness equipment in Tianhe Park. More attention must be paid to the updating and
improvement of fitness equipment in the follow-up planning.
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By analyzing the spatial distribution, we can understand the relationship between
urban park open spaces and visitors. However, this method cannot fully predict human
preferences and behaviors. The quality of park space environment is usually directly and
significantly related to physical activity levels. Understanding and evaluating the spatial
indicators that affect parks can more accurately determine the spatial needs of park physical
activity and provide guidance for its further promotion. For example, an analysis of Tianhe
Park shows that spatial indicators such as shade and lighting affect MVPA. Improving
the quality of shade and lighting in jogging trails can be a promising measure to further
enhance physical activity levels.

4.4. Oriented to Promote Physical Activity

In view of the increasingly important role of urban parks in supporting citizens’
physical activity, this study explores the park spatial characteristics that encourage MVPA
among visitors. Based on the results, the following suggestions are presented for the
planning, design, and management of parks:

e In the early stages, a fundamental analysis and prediction of the group composition
and their development trends should be conducted, in order to develop targeted
strategies to optimize the park spatial characteristics for physical activity. Visitor
composition assessments should be tracked long-term and regularly checked to ensure
a balance between supply and demand;

e In the selection of space types, areas such as lawns and jogging trails should be
expanded from the perspective of promoting MVPA in the park, which can have a
positive impact on children, adolescents, and adults. Lawn areas often lack shading,
so considering that visitors often use as family or companion-style park tour method,
setting up shaded rest areas around the lawn area can often improve comfort and
extend people’s use of these types of spaces;

e In terms of planting design, moderate thinning of dense forest areas during park renova-
tions can improve the daytime lighting conditions of the activity space under the trees,
improving the comfort of the activity area while also reducing the difficulty of greening
and security management. For example, the design and management of the trees along
the jogging trails should be fully considered to ensure shade and safety of use;

e  Strengthen daily security management by improving the park’s guidance and moni-
toring system, gradually reducing security personnel patrols while ensuring visitor
safety, in order to reduce interference with visitor activities;

e  For specific groups, in park renewal scenarios, it should be considered that the seniors
have behavioral characteristics of spatial attachment, and their usage habits and
preferences should be respected. Distinguishing from the drastic updating of space
and facilities required for the needs of young and middle-aged groups, the spatial
comfort, convenience, and functionality are improved through minor updates of
spaces and facilities to maintain the space affinity and stability of the senior’s needs.
For the teenagers, in addition to providing sports facilities and large lawns that
support multifunctional activity spaces, soft facilities such as organizing “parent-child
activities” and “fun sports competitions” can be considered to attract teenagers to the
park as a place of interest for physical activity.

In this study, few teenagers engage in activities in the park. The increase of use for
such people not only requires the planning and management department to adjust the park
spaces but also requires the school, government, community, and other relevant institutions
to support the policy to increase teenagers’ physical activities in the park. For example,
outdoor physical classes and self-organized physical activities can be increased to promote
the use of parks by teenagers.

4.5. Strengths and Limitations

This study has several limitations. First, Tianhe Park is taken as an example while
other types of parks, such as special and community ones, are not considered. The study
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results may be affected by the built environment, such as regional resources and envi-
ronment, transportation accessibility, and service facilities. Second, this cross-sectional
study does not compare the differences in physical activity in urban parks before and after
the COVID-19 epidemic. Third, the statistics of spatial characteristics are not combined
with environmental assessment tools, which can allow for a more in-depth discussion
on the design level of urban park facilities. Future research must strive to combine the
SOPARC method with other environmental assessment tools to increase the completeness
of environmental information statistics and further understand how specific environmental
design characteristics promote physical activity levels. Despite the limitations, considering
the representativeness of Tianhe Park as one the comprehensive parks in Guangzhou, this
study accumulates experience in the intervention measures of urban park environments
and physical activity in international metropolises such as Guangzhou. In addition, the use
of Tianhe Park during the post-COVID-19 era to a certain extent represents the resilience of
new urban parks in China to major health events.

5. Conclusions

This study used the SOPARC to investigate the different spatial characteristics and the
physical activity of visitors in Tianhe Park in Guangzhou. The basic information and usage
data of visitors in the park during the post-COVID-19 era were collected, and it was found
that the main user group in Tianhe Park was adults rather than seniors, and the proportion
of females was higher, which was different from other similar studies. In addition, the
spatial preferences of different groups and park space characteristics that influence MVPA
were discussed in depth. First, it was found that paved plaza and walkways were the main
spaces used for MVPA activities in the park, while large lawns had the largest mean number
of MVPA individuals. Second, the park’s modernized sports environment was attractive to
children, teenagers, and adults, but gained less acceptance from among the seniors. This
latter group preferred to be active in familiar and minimally renovated environments with
less cross-over with other groups. Third, it was confirmed that the functional, comfortable,
and active space characteristics significantly influenced MVPA occurrence. Large lawns
and jogging trails were more conducive to MVPA than other spaces, and the presence of
bright light, cool temperature, and good shade reflected the comfort requirements of MVPA
activities in the park, and the correlation between equipped and MVPA is not significant.

The results of this study directly show the effects of different park environments on
physical activities in major public emergencies, which can help other relevant personnel
better understand how to promote physical activity and public health by improving the
urban park space environment. Guiding the planning and design of urban parks and
building management and construction measures can thus effectively promote physical
activity to promote the development of urban public health.
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Appendix A

Table A1. Physical activity type and intensity level classification.

Category P.A Intensity Level Code ACTIVITY TYPES Category P.A Intensity Level Code ACTIVITY TYPES
01 bicycling MVPA 0101 cycle LPA 0702 picnig, sitting
02 conditioning exercise MVPA 0201 tai chi LPA 0703 play chess, sitting or standing
LPA 0202 stretch LPA 0704 play poker, sitting or standing
MVPA 0203 fitness, aerobic exercises LPA 0705 bird-watching
MVPA 0204 gymnastics LPA 0706 read
MVPA 0205 yoga LPA 0707 feed the fish
calligraphy, writing on the floor s .
MVPA 0206 withga lgrg};, brushg LPA 0708 photography, sitting or standing
MVPA 0207 hula hoop 08 music playing MVPA 0801 sing, chorus
MVPA 0208 tai chi-sword, group training MVPA 0802 play instruments, standing
03 dancing MVPA 0301 dance, mass aerobics dancing MVPA 0803 Cantonese opera
MVPA 0302 square dance 09 running MVPA 0901 run
MVPA 0303 fan-dancing MVPA 0902 jog
04 Fishing and Hunting MVPA 0401 catch fish 10 sports MVPA 1001 badminton
05 parent-child activity MVPA 0501 chase MVPA 1002 basketball
MVPA 0502 Ride, children’s bicycle MVPA 1003 pulley
MVPA 0503 glay with toys, bamboo MVPA 1004 skateboard
ragonflies, paper airplanes, etc.
MVPA 0504 climb MVPA 1005 volleyball
MVPA 0505 jump MVPA 1006 tennis
MVPA 0506 roll MVPA 1007 table tennis
MVPA 0507 blow bubbles: take the bubble MVPA 1008 shuttlecock
machine and run
MVPA 0508 handstand MVPA 1009 cricket
06 inactivity quiet/light SB 0601 sit idle: daze, gaze, etc. MVPA 1010 diabolo
SB 0602 stand, daze, gaze, etc. MVPA 1011 jump rope
SB 0603 lie flat, lying on the lawn, seats MVPA 1012 soccer
SB 0604 lie flat, lying in a baby carriage 11 walking LPA 1101 walk, slower pace stroll
SB 0605 squat MVPA 1102 race-walking
07 miscellaneous LPA 0701 recitation, sitting or standing MVPA 1103 dog-walking

Note: Bicycles are prohibited in the park, and all riding observed in the study occurred in areas with lighter jurisdictional boundaries of the park.
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Appendix B

Date:

Age groups

Child: <l11-year-olds

Teen: 12-17-year-olds

Adult: 18-59-year-olds

Senior: >60-year-olds

Light

Space type

Shade
Accessible

Equipped

Female
Male
Female
Male
Female
Male
Female

Male

Observation area information collection form

Observer: Period:

Physical activity intensity

SB LPA
a.Shady b.Moderate c¢.Brigh Temperature
a.Paved plaza b.Large lawn c.Waterfront spaza
g.Shelters h.Garden within garden
a.Good b.General Usable
a.Good b.General Supervised
a.Yes b.No

Figure A1. Observation area information collection form.

MVPA

d.Walkwaye

Areas ID:

a.Cool

Physical activity types

b.Moderate c¢.Hot

e.Jogging trail f.Waterfront trail

a.Good

a.Yes

b.General
b.No
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Appendix C

Table A2. ANOVA Post Hoc test (LSD) analysis of number of MVPAs.

Mean

Age Group (1) ()] Deviation (I-]) SE Sig. Overall Sig.
Children Large lawn Paved plaza 25.625 * 7.595 0.001 0.009
Waterfront plaza 29.167 * 11.323 0.012
Walkway 31.000 * 7.548 0.000
Jogging trail 30.238 * 8.559 0.001
Waterfront trail 32.667 * 8.006 0.000
Shelters 33.000 * 10.127 0.002
Garden within garden 21.667 11.323 0.060
Teenagers Large lawn Paved plaza 51.625* 8.001 0.000 0.000
Waterfront plaza 57.333 * 11.926 0.000
Walkway 55.222* 7.951 0.000
Jogging trail 53.333 * 9.016 0.000
Waterfront trail 57.000 * 8.433 0.000
Shelters 52.000 * 10.667 0.000
Garden within garden 49.333 * 11.926 0.000
Adults Large lawn Paved plaza 43917 20.914 0.039 0.156
Waterfront plaza 75.167 * 31.177 0.018
Walkway 57.259 * 20.785 0.007
Jogging trail 59.667 * 23.567 0.014
Waterfront trail 50.500 * 22.045 0.025
Shelters 69.667 * 27.885 0.015
Garden within garden 57.167 31.177 0.071
Seniors Paved plaza Large lawn 17.333 15.096 0.255 0.193
Waterfront plaza 24.667 18.144 0.178
Walkway 18.000 * 6.916 0.011
Jogging trail 24.381* 10.590 0.024
Waterfront trail 12.583 8.716 0.153
Shelters 22.000 15.096 0.149
Garden within garden 17.667 18.144 0.333

Note: Those marked with * have a significance level of 0.05 for the difference in means.
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