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As a significant part of outdoor built-environment, public open spaces are closely

associated with people’s daily lives. Studies of outdoor behavior in these spaces can

shed light on users’ environmental perceptions and contribute to the promotion of

physiological and psychological health. Many recent studies are case studies focused

where observations, surveys and interviews have been conducted to understand the

factors influencing people’s behavior on one or few sites or city environments. There

have been few reviews related to this topic, and none have been based on the

systematic understanding of influencing factors. This paper presents a systematic review

of interactions between behavior and the built environment in public open spaces, and

highlights the impacts of diverse and objective influencing factors. Followed the rules of

PRISMAmethod (Preferred Reporting Items for Systematic Reviews andMeta-Analyses),

109 papers published in 2000–2021 were selected and reviewed. The distribution of

the studied interactions is analyzed, and the impacts of four distinct factors: personal

background, location and context, environmental component, and climate stimuli, are

extracted, categorized, and specified. Moreover, outdoor health benefits are discussed

based on which, crucial factors that require emphasis after the outbreak of COVID-19 are

identified. Throughout this paper, behavioral influencing processes, including objective

influencing factors, subjective feedback, and the relationships involved, are considered

to provide a comprehensive picture. With the robust classification of existing factors,

architects, urban designers, policy makers and fellow researches could be easier to get

a more comprehensive trend from the past. This paper also provides guidance for future

research, especially given that COVID-19 has created huge changes to outdoor needs

and customary behavior.
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INTRODUCTION

Background
Public open spaces, as the main component of outdoor
environments in urban public lives, refer to freely accessible
parks, green spaces, esplanades, plots with sports and
leisure facilities, and other spaces that offer opportunities
for recreational activities and act as visual amenities (1, 2). Public
spaces are strongly associated with people’s outdoor recreation
activities and daily lives; as such, people’s behavior has been
highly mentioned in public space-based research.

A growing number of studies have been conducted to
investigate behavior, background situation and information (3),
the underlying drive (2), objective and subjective aspects of the
influencing factors (4, 5), and behavior-related feedback (1, 6, 7).
According to the previous study, the subjective feedback can
be divided into three categories: people’s behavior, feelings and
health impact (see Figure 1).

Due to the focus on multiple types of outdoor factors
and diverse behaviors, outdoor-behavior-based investigations are
complex. Certain movements such as walking (8, 9), route-
choosing (10), sitting, and thermal adaption (11) have been
considered as the most common activities. While studied with
similar research objects, topics more clearly targeted are physical
activity, which refers to any bodily movement produced by
skeletal muscles that require energy expenditure (12) closely
associated with health impacts (13–18); leisure activity that
is more inclined toward outdoor leisure, recreation (19, 20),
and short-term recovery; and social activity, mainly studied as
social factors closely associated with people’s needs. General
occurrence, as a reflection of overall behavior without type
classification, has also been frequently studied to highlight
the impact of identified factors on the premise of the
overall environment.

Moreover, people’s feelings were considered closely associated
with outdoor behavior. Drive and needs, physiological feeling,
environmental perception, and psychological feeling, have been
frequently mention and studied in exist studies (21–34). Among
them, drive and needs, considered as the origin of outdoor
behavior, have been studied linked with provided locations.

FIGURE 1 | Subjective feedbacks frequently investigated in public open spaces.

Physiological feeling and thermal comfort, not only associated
with thermal adaption (35) but also linked with feelings and
emotions (36), were considered could affect places’ overall
attendance. Moreover, investigations based on environmental
perception and psychological feeling were also applied in some
researches to measure more in-depth interactions (37).

Health impacts were also investigated in some behavior-
based studies, including long-term impacts such as physical and
mental health and short-term impacts such as fatigue restoration,
attention recovery, and emotion elevation (38–40).

The objective influencing factors can be divided into
five categories (see Figure 2): people’s background, the built
environment context, environmental components, climate
stimuli, and others. Those environmental design related studies
focused more on site usage and people’s occupancy, whereas
medical-based reviews focused more on category, strength, and
promotion of outdoor activity associated with health promotion
(41). Physical activity and activity with physical attributes
(42) were mentioned more often in medical-related reviews.
Microclimate was found to have a significant influence on the
general occurrence and thermal adaption (43), among which
temperature, solar radiation, and wind speed were shown to
be the most significant factors (44). Moreover, naturalness,
expectations, time of exposure, perceived control, and outdoor
experience were found to have an impact (35) as well as personal
factors, social factors, perceptions of the built environment, and
physical factors (45).

For behavior with physical attributes, reviews conducted
were more precise: activities including walking (46) and dog-
walking (47); backgrounds including country and region,
location, context, gender, and specific groups (41, 48, 49);
social factors including social support, networks, cohesion,
capital and socioeconomic position, income inequality, and
racial discrimination (50), and identified places including parks,
neighborhoods, or places with physical facilities (51–53) were
focused on and frequently linked with health promotion effects.

Review Objectives
Existing reviews mostly focused on a particular type of activity or
an influencing factor and lacks a comprehensive understanding
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FIGURE 2 | Objective influencing factors frequently investigated in public open spaces.

of the interactions associated. This review fills the research gap
by offering a systematic comprehension of influencing factors in
outdoor built environment, because outdoor activities were often
affected by complex environmental stimuli.

The first objective of this review is to introduce the
background, importance, and method of the research topic
which are included in Section Introduction and Method of
Review. The second objective is to summarize the types of
activities studied in previous articles and to establish the
association between objective influencing factors and subjective
feedbacks. The third objective is to categorize the impact of
objective factors, such as people’s background, context and
location of built environment, environmental component and
constituent, the influence of thermal and other climate-based
stimuli. The final objective is to understand the changes in
outdoor behavior-based studies after the outbreak of COVID-
19 pandemic.

METHOD OF REVIEW

This article focuses on outdoor behavior-based publications from
the scope of architecture and urban design. Since the application
of quantitative research in this field is mainly concentrated after
year 2000. Articles using quantitative methods and published
from 2000 to 2021 were focused. Followed the method of
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses), studies based on behavior investigation in public
open spaces were identified as shown in Figure 3which including
following four stages:

(1) Identification: In the field of architecture and urban
design, academic journals are commonly published by Elsevier,
Springer, Taylor and Francis, Sage, and Wiley. Therefore, related
research engines were chosen during identification. Web of
science was not considered due to the similar databased and
search outputs.
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FIGURE 3 | Method of review.

FIGURE 4 | Distribution of types of behaviors being studied or focused.

(2) Screening: Using keywords (outdoor OR public OR ‘open
space’) AND (behavior OR behavior OR activity OR activities),
3,258 papers related to this review topic were downloaded.

Precisely, 1,500 papers most related were downloaded from
Springer and 1,500 from Elsevier, and they are identified
searching through title, abstract, or keywords. Additional 107
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papers from Taylor and Francis, 86 papers from Sage, and 65
papers fromWiley were identified using full text research.

(3) Eligibility check: A more specified screening were
conducted though full texts check. Articles written in
languages other than English were excluded; studies full-
text unavailable were removed, investigations only based on
outdoor occurrence without activity studied were excluded; and
papers using simulation methods without in-situ monitoring
were not considered.

(4) Inclusion: After selection, remaining 109 articles were
included for this systematic review.

OVERVIEW OF IDENTIFIED PAPERS

Distribution of the Types of Studied
Behavior
Based on our sample of reviewed papers, the distribution of the
behaviors these studies focused on is shown in Figure 4. Overall,
the number of behavior-based investigations has increased
gradually over the past few years, and has risen rapidly in 2020
and 2021. Physical activity, and general occurrence were the two
major types.

Among all types of behaviors, specific movements have been
less studied; only a few studies investigated walking (54, 55) and
sitting (56–59). By comparison, the studies focused more on
thermal comfort and climate conditions (60–72).

Owing to the complexity of outdoor spaces, specific
movements and types of behavior are usually considered to
have different attributes; for example, recreational walking with
friends can be classified as physical, leisure, and social activities.
Regarding the focus of activity attributes, physical activity (73–
111), leisure activity (112–118), and social activity (119–127)
have gained more attention. Due to the close link with health
impact, several of these studies are associated with physical
activity, and this stream of research has risen significantly
in the past 2 years because of the focus from the field of
environmental design.

Mainly related to thermal comfort and space design,
general occurrences (36, 128–148) have received continuous
attention. Because of the focus on people-centric designs, more
investigations have been conducted on this topic since 2014 with
the adoption of other types of systems (149–161).

Distribution of Interactions Between
Objective Influencing Factors and
Subjective Feedbacks
The number and distribution of interactions in the studies by
subjective feedback and objective influencing factors are shown
in Figure 5.

Associated with behavior, great differences can be found in the
activity characteristics and research focus. Without mention of
utilitarian walking on streets, recreational walking in public open
spaces such as neighborhoods and greenways has seldom been
studied. In comparison, although sitting is also not frequently

FIGURE 5 | Distribution of objective influencing factors.
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shown as a research focus, more investigations have been
conducted in which sitting was considered part of outdoor leisure
and thermal adaption. For physical activity, leisure activity, and
social activity, interactions differed greatly because of behavioral
attributes. Because of the wide range of physical activity and
the large number of related studies conducted, physical activity
investigation was associated with the most influential factors.
In contrast to physical activity, leisure activity has shown a
prevalence in parks and neighborhoods compared with squares
because of environmental recreational attributes. Social factors
were studied more as subjective factors that can affect general
occurrence in existing research; thus, there was less focus
on the influence of identified components, such as greenery
and shading.

Among all types of the studied feelings related to behavior
investigation, there was less focus on needs and drive,
although they are extensively linked with all types of factors
because of their association with most behavior. Physiological
feelings, mainly associated with thermal adaption and comfort
studies, were more related to climate-based influencing factors
compared with others. Environmental perception, which is
widely associated with all types of influencing factors, was the
most studied among all types of feelings.

Although many outdoor behaviors can affect health
conditions, only a few studies have directly investigated
such interactions. There was a greater focus on people’s
background factors than thermal-based impacts. Short-term
impacts, including fatigue recovery, cognitive ability, feelings,
and emotions, have been more studied and linked with greenery.
Long-term impacts, including both physical and psychological
health, were also highly linked to greenery, and neighborhood
greenery has been emphasized.

EFFECTS OF OBJECTIVE INFLUENCING
FACTORS

Referring to existing research, complex influencing factors and
interactions were investigated, as shown in Figure 6. Owing to
the factors’ characteristics, the type and proportion of associated
behavior were diverse, as shown in Figure 7. Specifically, the
associated behavior, outstanding conclusions, and focal points are
categorized and identified as follows.

People’s Background
In most cases, based on questionnaires, people’s backgrounds,
including demographic features and socioeconomic status, were
considered to affect outdoor behavior greatly. Based on people’s
age, gender, region, and other background differences, site
preference (154), thermal tolerance (157), and psychological
feelings (30) were found to have significant differences.
Therefore, respondents’ backgrounds were well-controlled (104)
or adjusted (85) in most behavior-based investigations.

Gender
Gender is one of the main factors that can affect people’s outdoor
attendance, preferences, and feelings. Besides physiological
and psychological differences, gender-based differences can be

inferred through acquired gender patterns (78) and traditional
gender roles in some places. For example, only elderly females
showed higher levels of activity and less sedentary behavior in
the presence of higher retail, food outlet, and public transit
densities at short distances. By contrast, only elderly males
showed significant associations with entertainment density, light-
to-vigorous physical activity, and sedentary behavior (93).

In terms of overall attendance and preference, males were
found to be more physically active, spend less time at home
(87), and be more enthusiastic about physical-related features
and facilities. More males than females were observed using
parks, and males were twice as likely to be vigorously active
(105). Such tendencies were also found in elderly groups: elderly
males were more active in parks than females, although fitness
and health-related physical activity such as walking and fitness
exercising were found to be especially attractive to females (78).
For younger adults, recreational facilities such as greenery were
found to be associated with physical activity measures for females
(87) while males were found to care more about sports features
(94). Moreover, fitness equipment and sports courts were found
to be positively correlated with engaging in physical activity for
male adults (91).

Psychological feelings and the need for spaces were also found
to differ, among which safety was one of the main attributes. For
urban parks, safety was assessed as satisfactory for all genders,
while female respondents were found to have greater security
requirements. For the same outdoor environment, female
respondents were found to be significantly less satisfied thanmale
respondents (70). For adolescents, boys were more concerned
about characteristic features and environmental design, while
girls were more concerned about accessibility and safety (95).

In addition, differences can be found regarding the natural
environment. Males were found to be more sensitive to
environmental change, and in an investigation of the dose-
response curve between stress reduction and natural exposure,
only males were found to have an inverted-U curve shape
with varying densities of tree cover and stress recovery (40).
Meanwhile, more positive feedback was found in females: girls
were more attracted to playing with water than males in urban
green spaces (114). Similar differences were also found in thermal
aspects: women were more positive when responding to an
uncomfortable environment. And female pedestrians were also
found more careful about protecting themselves from solar
radiation than males in subtropical area (11).

Age Difference
Participants’ activities, habits (152), preferences (114), concerns
(95), and emotional estimations of outdoor urban places (27)
were diverse because of age differences.

In an open space, people of different ages have diverse
preferences for use. Design elements in open spaces were found
to be linked to activities, and young children were identified
as mostly using playgrounds and natural lawn areas. Older
school children and teenagers tended to use sports areas and
semi-secluded spaces to play sports or to meet in groups
and socialize. Meanwhile, older peoples’ sedentary activity was
exclusively observed on benches, and non-sedentary activities
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FIGURE 6 | Direct associations related to types of factors.

such as jogging were nearly exclusively identified in larger,
more shaded parks (86). Identified environmental factors were
found to be related to activities of different ages. Associations
between greenness and physical activity for individuals were
highly linked with age, especially in people aged 20 to 30 years,
attributable to their special life stage. However, the investigation
did not demonstrate a strong association between levels of

physical activity and greenness among older adults, which was
conjectured to be caused by their health condition and limited
mobility (87).

Regional Differences
Discrepancies caused by regional differences are diverse: race,
culture, thermal environment, different experiences, and even
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FIGURE 7 | Distribution of behaviors related to types of factors.

regional economic situations (80) can produce different outdoor
feelings, perceptions, and habits. Thermal preferences and
behavioral habits are the most studied topics associated with the
design of public open spaces.

Climate-based environmental perceptions, adaptation, and
attendance can differ. Environmental tolerance was surveyed
in a fixed location to study people’s perceptions (32), among
which minor tolerance was found in local respondents compared
with tourists, especially those from denser and more polluted
cities. Furthermore, the thermal feeling is strongly linked to the
climate zone of habitation: the thermal comfort range and neutral
temperature of subjects in hot and humid regions were found
to be higher than those of people in temperate regions (72).
Under similar thermal conditions, the Japanese evaluated the
weather as warmer and less preferred for outdoor activities, while
the Swedes felt happier, calm, and pleasant, which tentatively
indicated a difference in environmental attitudes between people
from different countries (34, 37).

In addition, cultural and social backgrounds can cause
behavioral differences. Socioeconomic and cultural influences

were compared in North Africa and America under the same
climate conditions (56), and it was found that a higher number
of people in North Africa tended to spend more time outdoors
and with larger groups or families, but with less variety in
activities carried out. Behavior types were also found to be
different; people in North Africa tended to sit more and wear
more clothes (56). Furthermore, recreational walking behavior
was compared between neighborhoods in 12 countries, and it
was found that participants in some European countries tended
to walk more often and longer for recreation and reported
better environmental perceptions compared with people in Latin
American countries that reported lower walking frequency,
duration, and some environmental attributes (33). Moreover, the
difference in outdoor behavior can also be based on different
city density compositions and traditions: walking behavior was
tested and reported to be different in Brisbane and Hong
Kong. Specifically, older adults reported better access to most
destinations and accumulated significantly more minutes of
walking, particularly for shorter distances in Hong Kong because
of differences in accessibility and city density (25).
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Other Factors
Health, social, economic, and educational status were also
found to be related to outdoor behavior. In an investigation
of hot arid climate zones, researchers found that the upper
band of people tends to spend less time outdoors (56). In
America education was found to exacerbate the negative effects
of adverse weather conditions on the decision to exercise
outdoors, while another investigation found that people with
higher education levels were more likely to walk and exercise
outside, and those of lower socioeconomic status were more
affected by outdoor weather (85). In an investigation based
on objectively assessed neighborhood characteristics (93), social
factors rather than physical capacity and health status were found
to influence older adults’ total physical activity more strongly.
Compared with age and health-related status, education and
car ownership were found to be more strongly associated with
physical activity and sedentary behavior (93). Furthermore, as the
elderly have functional limitations and perceived problems, type
of limitation was found to affect people’s behaviors. People with
both movement and perception or cognition-related functional
limitations were less satisfiedwith the frequency of activity, which
may be because of the negative health experience and problems
in the pedestrian environment (22).

Background of Built Environment
The location of the studied public open spaces is diverse and can
be analyzed based on several aspects: (1) the influence of cities or
districts, such as district density (36, 141) and neighborhoods; (2)
identified location being investigated, such as parks (9), squares,
and other open spaces; (3) other characteristics of locations
associated with the research focus, such as investigation of
shopping that emphasizes the commercial background (4); and
the study focused on seniors’ behaviors that highlights old city
zones (149).

The Influence of District Density
City density is highly related to people’s behavior and needs.
Better accessibility and perceived accessibility to destinations,
including services and public transportation, are deemed to
facilitate an active lifestyle (93). Such an impact is particularly
clear for older adults: higher accessibility to most destinations
could accumulate significantly more minutes of walking for
the elder (25), which may partly explain why older adults
living in Chinese and other high-density Asian cities accumulate
substantially more physical activity and less sitting time than
their Western counterparts (93). The need for infrastructure
may also differ owing to density discrepancy. Elderly residents
living in suburban areas need to feel secure when accessing
close-to-home green spaces, while elderly people living in urban
residential areas need more connection to green spaces and
frequent physical activity in association with commuting (100).
Moreover, people’s perceptions can also differ. People living in
rural areas are more sensitive to outdoor environmental changes
such as seasonality impacts (162) compared with those living in
urban areas. Moreover, people living in high-density residential
environments require more natural scenery than low-density
built forms (129). For the reasons mentioned above, the research

conducted slightly differed: more research focused on urban-
based public open spaces, including studies of thermal perception
and experience (63, 140), restorative processes (38), and health-
based investigations (29, 101, 109).

The Influence of Neighborhoods
Neighborhoods are closely associated with daily life. Unlike
public open spaces far away from home, they usually
link activities with noted purposes. Public open spaces in
neighborhoods or residential areas can provide easily accessible
places for physical and leisure activities and play an important
role for residents with functional limitations. Because of a higher
frequency of use and better accessibility for residents, studies
based on neighborhoods are highly linked with people’s health
situations, especially for the elderly.

To study the behavior in neighborhoods, common research
contents such as specific constituents (74, 87), outdoor comfort
parameters (64) perceived environmental attributes (23, 33),
and other aspects were taken into consideration. Utilitarian
destinations of neighborhoods such as grocery stores, restaurants,
retail stores, and convenience stores, were found to be
significantly correlated with walking and physical activities.
Housing type, sports facilities, and transportation infrastructure
were found to be associated with vigorous physical activity
(98). Because of fear of crime freedom has been restricted,
preventing residents from engaging in outdoor activities (123).
In addition, environmental stressors, including neighborhood
incivilities, traffic noise annoyance, and air pollution concerns
related to neighborhood aesthetics ratings, were taken into
consideration (23).

Closely associated with leisure-time physical activity (81),
residents of advantaged neighborhoods reported significantly
higher levels of total activity and were less likely to walk for
transport (75). Because of the close link with physical activity,
people’s health is one of the main focuses in neighborhoods.
Close-to-home green spaces were spotlighted and proven to
elevate the rate of physical activity, which was further linked to
self-rated health (100, 110). Among the existing studies, stress
mitigation (103), mental health (111), and physiological health
including excess weight, obesity (110), and cardiovascular disease
(111) were all considered.

Elders were particularly focused on the neighborhood
because of functional decline and inactivity. Physical and social
environments were considered to affect the elderly’s physical
activity (79) and were further associated with their ages (104).
Among all types of influencing factors, the mean radiant
temperature, air temperature, greenery, and outdoor seating were
found to correlate with space usage (57). Parks located near
homes served as a place that can provide social interaction
(122), which was found to have a greater influence on physical
activity than physical capacity and health status (93). Moreover,
other factors including safety, aesthetics, amenities, cleanliness,
comfort, density, urban landscape (21), and the elderly’s personal
information such as gender, age, education, car ownership, and
health-related status (93) were also considered. Neighborhood
environments are increasingly salient to the elderly who face
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multiple personal and social changes that often limit their daily
activities to their immediate or nearby surroundings (79).

Squares
Because of the low interference of plants and greenness, the
research conditions in squares are relatively simple. Research
has mainly focused on changes in specified influencing factors
or activity. Plaza users’ behaviors, including activity type,
attendance, distribution, and activity level; the influence of
physical factors, including environmental conditions, shading,
temporary design, and thermal comfort (62, 67, 72, 142, 148,
155); subjective perception such as the width of the square,
spatial openness, and appearance of materials (140), as well
as other influencing factors such as culture and environmental
attitude (37), threshold density, and sheltered seating (58) were
taken into consideration. In general, square-based studies were
less interfered with compared with other types of public open
spaces and focused more on the identified behavior without
the influence of greenery and health-related factors. Therefore,
thermal adaption and general occurrence were more focused on
and studied in public open squares.

Parks
Because of their close link with leisure, recreation, and physical
activity (52), parks are the most frequently studied form of
public outdoor space (19, 60, 65, 130). Based on a wide range of
park-based investigations, types of behavior, influencing factors,
and diverse background locations, including neighborhoods,
residential areas, hospitals, and city centers, have been studied
(92, 145). The accessibility of parks has been highlighted in
existing research: visitors to nearby, medium-distance, and
distant parks vary significantly in terms of park visit frequency,
travel mode, time spent in parks, and type of activity (133).
The maximum number of park visits dropped exponentially
as the travel distance to parks increased (133) while perceived
accessibility was found to have an even stronger explanatory
power (135).

Park use was significantly higher among dog walkers, couples
living with children, and those living in the least disadvantaged
areas (107) and was highly associated with physical activity and
leisure activity (106, 153). Park users were found to be more
active than non-users in all forms of physical activity except
for transport walking (101), and were more likely to meet the
physical activity guidelines than those who indicated that they did
not regularly use a park (107). Among all age groups, the elderly’s
use of parks has been focused on (86). Seniors visited urban parks
frequently and spent more than half of their visit time engaging
in moderate to vigorous physical activity, especially for males
younger than 70 years old and in good health condition (83).
Regarding the promotion of activities, park usage was found to
mitigate stress by fostering social support (103) and benefits in
terms of relaxation, self-perceived confidence, and mental health
(101), which were further associated with environmental, social,
and psychological health benefits (108).

Particularly, the characteristics, components, and conditions
of parks were found to be influential. Physical activities
conducted were found to differ by park type. Linear parks were

found to provide the greatest overall physical benefit, while
other park types provide nonphysical community benefits (108).
The size of the park was also found to be positively associated
with physical activity participation. Users of larger-sized parks
were found to spend more time doing vigorous activities (107)
although pocket parks, when perceived as attractive and safe
destinations, were also found to increase physical activity by
encouraging families with children to walk there (82). Among
all types of components, greenness was found to be especially
important. The density and quality of greenery can affect people’s
sensation and satisfaction, which further impacts usage patterns
(129, 161).Moreover, the feeling of nature was found to be related
to the usage frequency and activity conducted (70). Different
parts and components of parks, such as trails, fitness stations,
secure areas, lawns, sports fields, and playgrounds, were found to
be preferred by different age groups, related to types of activities,
and play different roles (78, 83). Moreover, the attendance and
use of parks were found to be influenced by thermal conditions
(60, 63, 139).

Other Open Spaces
Besides the aforementioned sites, existing research has focused
on other types of built environments. Among them, places
frequently used in daily lives such as nursing homes (144),
workplaces (147), preschool centers (90, 158), schools (3), and
campuses (113); places with aesthetic values or specific meanings
in urban lives such as riverbanks, water features, coastal and
marine areas (114, 146, 154); and places used by mixed groups of
people such as urban transit areas (32) have been emphasized and
studied. To compare the discrepancies among sites, some studies
investigated more than one type of built environment (36).

Places renovated have been shown in several studies. Behavior
changed after design interventions in urban brownfield (151) and
playground (157). Previous living experiences, established social
networks, and people’s needs were found to play important roles
in the renovation of elderly community urban districts (122).

Environmental Constituent
Environmental constituents, which are highly associated with
environmental perception and evaluation, have been the focus of
research because of their significant impact on outdoor behavior.
Among all the types of environmental components, greenery,
facilities, and shading were the most frequently studied.

Greenery
Greenery’s impact has been mentioned from two perspectives:
the constituents of vegetation and the overall influence of urban
green space (132), which refers to accessible open spaces with a
high degree of vegetation cover (132). Closely related to usage
rate, activity pattern, and preference, and indirectly linked with
health impacts (42, 73), greenery has been studied in relation to
types of behaviors and diverse user groups (77, 87, 95).

Greenery has a direct effect on people’s behavior. Typically,
such influence is put into effect through changes in people’s
perceptions, including thermal comfort, preferences, and
psychological feelings. The level of space enclosure and greenery
density were found to be significantly associated with outdoor
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microclimate conditions and use behaviors, including visit
patterns, sensations, and healing evaluations in dense urban
contexts (129). This difference in greenery can influence people’s
choices, satisfaction levels, and overall perceptions and activities.

The constituents of greenery were found to be associated
with diverse behavioral impacts. Overall attributes, including
perceived culture, serenity, lushness, plant richness, distribution,
density, vegetation quality, design, and maintenance were found
to have a significant effect on environmental evaluation (73, 74,
117, 159). Different types of greenery, such as tree canopy and
open grass, were found to have different impacts on physical
activity intensity (81), and the green coverage ratio and diversity
of shrubs were found to be positively related to diverse types of
physical activity (89). Additionally, to study outdoor preferences,
restorative constituents in urban parks were compared for people
who were fatigued and looking for a place to rest. Greenery,
such as grass and trees, was found to be more important than
decorative components, such as flowers and water features, in
attracting respondents (38).

Overall, greenery exposure was found to be positively related
to outdoor physical activity (7, 102) and further linked to
health impacts. The quality of urban green spaces, self-reported
frequency, duration of physical activity, stress, mental health,
and physical health were examined (109) and such associations
were highly linked to the location of greenness. Meanwhile,
the accessibility of green spaces has been emphasized in many
studies (110) although it is not a limiting factor for most people
(131), and a large number of studies have focused on near-home
greenness in residential areas or neighborhoods (29, 40, 74, 81,
100, 103, 110, 111). By comparison, few studies have focused on
other areas, such as independent greenness, without the location
description (112, 156). In general, physical health, including
cardiovascular disease (111) and obesity (110); mental health,
including the restoration process (39, 112); stress mitigation (40,
103); positive emotion (112), and other psychological influences
(29, 111, 156) were found to be related.

Shelters and Shaded Areas
Shaded areas are one of the top influencing factors in people’s
outdoor space usage (145) and adaption behavior (60). Seasons,
climate zones, temperature, and other thermal parameters were
frequently mentioned as preconditions in these studies because
of the close connection between the preferences for shaded areas
and thermal comfort.

People’s behavior is highly linked to seasonal thermal changes.
In unshaded areas within parks, the number of visitors increases
following rising thermal conditions during cool seasons, whereas
the number of visitors decreases during hot seasons (60).
During the heat stress period, the tree canopy, shaded areas,
and water features were found to be the most attractive for
outdoor participants (71). In a study based on renovation, shaded
shelters and vegetation cover were added in a playground and
had a huge impact on people’s behavior. More occupants were
attracted in summertime; people stayed longer, reported less heat
stress, and interacted with each other more often (157). People’s
preferences also changed in other seasons. During summer,
visitors preferred to sit in shaded areas; during autumn and

winter, sunlit areas were more popular (61). However, such
rules cannot be applied arbitrarily in all situations. The overall
attendance and the regional climate need to be taken into
consideration. For example, the number of visitors to shaded
areas increased with rising thermal conditions in both cool and
hot seasons in hot and humid areas (60).

Extreme weather conditions have also been highlighted in
some cases. Attendance at the exposed site was found at half of
the tree-shaded sites because of the shorter thermally acceptable
time in humid-subtropical Hong Kong (66). Under similar
climatic conditions, people in Taiwan preferred outdoors shelters
(72) and tended to engage in static activities in environments
with sufficient shade. Shaded areas were found to be conducive
to static activities as the summer became hotter (62).

Other Facilities
As one of the most common components of outdoor spaces, seats
are frequently used, such as in large-scale public open spaces.
Regular and auxiliary seats accounted for more than half of
the stay-in activities and nearly one-third of all activities (150).
Therefore, the usage, features, and preferences of seats have been
investigated (59). Among all studies conducted, elderly have been
highlighted. The importance, as well as the number and quality,
of seats were found to affect the elderly’s usage, preference, and
activity (57, 121, 149).

Large-scale sports and living facilities, such as outdoor fitness
equipment, gym equipment, coffee shops, and public toilets,
as well as walking paths, water features, wildlife, amenities,
and dog-related facilities (52, 55, 117, 148, 150) can affect
space usage. In public spaces, the facilities and locations that
were reported as frequently used differed with the facilities
that people preferred and associated with well-being (136). The
influence of facilities by user group has been emphasized in
some studies. For example, although restricted to male adults,
the installation of fitness equipment and sports courts was
found to provide opportunities to engage in physical activity
(91). In addition to gender differences, age groups were distinct
in most investigations. Facilities were highly associated with
children’s outdoor physical activity intensity. Regarding park
usage, children were found to be attracted to parks with sports
facilities, playground equipment, toilets, drinking fountains, BBQ
facilities, large lawns, and landscaping (86, 96). In schoolyards
and preschool centers, facilities were found to affect children’s
physical intensity strongly (158). Different types of behavior
settings, including pathways, play structures, and open areas,
can affect children’s physical activity level. Moreover, facilities
with different attributes, including circular vs. straight pathways;
open areas with different ground surfaces; asphalt, compacted
soil, woodchips, and sand were also found to play different
roles (90). For adolescents, playing sports, meeting in groups,
and socializing were found to be the most frequently conducted
activities (86), and not only physical activity but also social
interactions have been highlighted. Grassy open spaces were
important for all activities (127) while facilities including
sports courts, fitness equipment, walking and cycling paths,
playgrounds, and green open spaces were found to be associated
with physical activity. Facilities including barbecue and picnic
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areas, sports features, seating, shade, and cafés were found to be
well associated with social activity (94, 127). By contrast, seniors
were found to prefer pathways, paved open spaces, and other
natural areas, although they are all less likely to be linked to light
or moderately vigorous instantaneous activity (83).

Climate-Based Environment
Unlike indoor behavior, which is less affected by the overall
environment and climate, outdoor behaviors are highly
associated with climate situations, among which both objective
and subjective influencing processes should be considered.
Based on the same outdoor conditions, people’s thermal feelings
can differ due to individual, physical, social, and psychological
differences (37, 57, 68, 119, 143). Psychological impacts of
one’s perception of environmental features were found to affect
thermal comfort and acceptability. For example, thermal comfort
in summer can be improved if more trees, water ponds, or shade
provisions are perceived to be present in parks (31). Objective
parameters, including thermal environment, thermal-related
parameters, thermal comfort, and other factors such as air
quality, acoustic environment, and other climate-based factors
were highly associated with environmental assessments, place
perceptions, types of behavior, and place-related attendance
(36, 60, 85, 138). These factors were also found to influence
the functions of places such as parks and squares (139),
particular settings (84), and environmental constituents such
as shading (67). And seasonal-based change, microclimate
influence, and specific parameters are the most frequently
studied influencing factors.

Seasonal Changes
Outdoor behavior differs according to seasonal changes,
especially in summer and winter (142, 163). Outdoor parameters
were closely associated with the season and further linked to
people’s behavior. For example, during cool seasons, a positive
correlation was found among the air temperature, mean radiant
temperature, and physiologically equivalent temperature of
shaded areas and the number of visitors. During hot seasons,
temperatures that reflected solar radiation conditions were found
to be negatively correlated with the number of visitors in hot-
humid regions (72, 141).

Seasonal influences were associated with the choice of
positions. During summer, visitors preferred to sit in shaded
areas and adapted their park use behavior by coming later in
the evening (70), whereas during autumn and winter, sunlit
areas were more popular (61). People’s leisure patterns and
heat tolerance were also found to change during cool and hot
seasons (62). In the investigation of exercise habits, people
delayed exercise both in summer and winter, and individuals
that listed rain as the predominant adverse weather condition
had higher odds of exercising indoors and higher odds of
delaying exercise compared with those mentioning heat as the
predominant adverse condition. Individuals for whom ice or
snow was an adverse winter weather condition were more likely
to delay exercise than those who were concerned with the cold
weather (85). The usage pattern in outdoor spaces was also found
to differ in an educational precinct, and seasonal changes were

found to coincide with the type of visitors, frequency of visits,
length of stay, category of activities, thermal adaptive measures,
and the number of people attending outdoor spaces. Among the
seasons studied, the number of people attending the study site
wasmore evidently correlated tomicrometeorological conditions
in autumn than that in the other two seasons because of the
occurrence of cool to cold windy weather conditions (69). Aside
from the students, such differences also occurred in the elderly,
and the factors influencing the elderly’s thermal perceptions
varied in the winter and summer. A significant association
between thermal acceptability and satisfaction was found with
open space (119).

Microclimate or Specific Outdoor Thermal

Parameters
The correlations between space usage and microclimate
indicators such as shade, air temperature, solar radiation,
wind speed, and relative humidity have been widely studied
(36, 61, 129, 143). Outdoor place–human relationships,
including weather parameters (air temperature, wind, and
cloudlessness) and personal factors, have been reported to have
a significant impact on participants’ perceptual and emotional
estimations. Among these factors, solar radiation was found to
affect the outdoor activity choices of citizens significantly. A
significant correlation was found between space utilization and
solar radiation conditions, with fewer people visiting the park
during summer (141) or experiencing outdoor heat stress (71). In
addition to sunlight, thermal conditions have also been associated
with overall attendance (130). In some cases, temperature was
found to be the most powerful factor influencing space use. This
demonstrated that people presented in an open urban space
are the most subjected to the air temperature they are exposed
to (142). Although great variation in the level of use among
spaces cannot be explained solely in terms of microclimatic
differences, the use of spaces varies chiefly as a function
of microclimate (155). The number of counted park users,
particularly children and elderly people, significantly declined
at the highest temperature of approximately 30◦C (86). The
type of temperature was highly linked to behavior. Specifically, a
strong link was found between cycling and cold temperature, and
between kayaking, and hot temperature (19). To obtain a more
comprehensive overview of the outdoor microclimate, some
parameters such as UTCI (Universal Thermal Climate Index)
and PET (Physiological Equivalent Temperature) were used.
Steady-state models, such as the PMV (Predicted Mean Vote)
index, may not be appropriate for the assessment of short-term
outdoor thermal comfort, mainly because they are unable to
analyse transient exposure (63). UTCI was chosen in many
studies and was found to affect respondents’ feelings, attendance,
and choice significantly (11, 66, 128). Moreover, such behavioral
responses to the thermal environment were found to differ by
gender, age, and types of activities (157). Similar to UTCI, PET
has also been used to define outdoor thermal comfort in many
studies (34, 141, 142). A PET within a comfortable range was
chosen to define thermal comfort conditions, which were further
used as a steady background to study participants’ thermal,
emotional, and perceptual assessments (34).
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Other Climate-Related Factors
Air conditions are one of the basic influencing factors of outdoor
behavior. Air pollution has been found to be highly linked
to special kinds of behaviors (19) and is mentioned as one
of the environmental stressors proven to influence individual
emotional reactions (29). Moreover, auditory and visual elements
were also found to influence individual emotional reactions (24,
29, 32).

Other Influencing Factors
Access to green spaces, parks, and identified facilities has
been highlighted in many outdoor behavior-related studies.
Among them, accessibility and perceived accessibility were both
measured and considered to have high similarity, although
perceived accessibility was found to have stronger explanatory
and predictive power in some cases (135). Investigations based
on accessibility and perceived accessibility were mostly focused
on the distance between recreational elements and places, such
as parks and green spaces, and were highly linked to people’s
physical activity, leisure activity, and recreational walking.
Perceived accessibility and people’s demand had the highest
impact on park usage (135). In neighborhoods, only the number
of parks within 500m was found to be associated with physical
activity (101) although they were mostly not used by almost
half of respondents. Whether respondents used their nearest
green space depends primarily on area size, distance to the
area, and factors that suggest reduced mobility, such as old age,
young children, and poor health (132). Increasing accessibility
can help in achieving physical activity recommendations, reduce
the possibility of being overweight and obese (110), and restore
visitors’ moods and energy levels. Interaction with nature was
found to bring mental health benefits in terms of relaxation and
self-perceived confidence (101).

People were also regarded as influential factors. Large-
scale populations, population structure, diversification of rural
production and labor patterns, and rural leisure lifestyles
were found to influence people’s behaviors and routines (163).
Perceptions of positive social relationships were associated with
greater involvement in leisure activities and with better health,
especially in the elderly (118). The effect of privatization of public
open spaces on the quality of life of people was investigated, with
many studies showing degradation of public spaces’ openness to
the public as a result of privatization (120). In a study of plaza user
behavior, certain social behaviors, such as the impact of smokers
and crowding, were examined. Surprisingly, smoking was found
to have no effect on the distribution of users and activities. People
can accept slightly higher levels of crowding in their preferred
condition when environmental conditions are limited. When the
threshold density of people was reached, users opted for less
ideal conditions, moving into the preferred condition when space
became available (58).

Other factors were also investigated. Time’s influence has
been noted in some studies, such as behavior and activities at
night time (116, 125, 126). Constructions, especially perceived
neighborhood environmental factors such as street pattern and
connectivity, residential density, and land-use mix were found to
be curvilinearly associated with walking for recreation (33).

DISCUSSION

Outdoor Health Impact
Outdoor activity is considered an intermediate factor between the
outdoor built environment and health effects.

Associated Behavior
In public open spaces, behaviors such as visit pattern, duration,
and sensation were found to be associated with health impact and
healing evaluation (129).

Outdoor exposure was found associated with emotion
elevation and individual recovery process (112). Air pollution,
trash, traffic-related noise considered as environmental stressors
(29) and the influence of green spaces were frequently considered
in relate studies.

The impact of physical activity in outdoor public spaces
has also been highlighted. The World Health Organization has
pointed out that every move counts toward better health (164).
In green spaces, the health benefits of walking were found to be
better than those of sitting (156). The frequency and duration of
physical activity were found to be linked with the health situation,
including physiological health, such as being overweight or obese
(110), and mental health, including restoration, energy levels,
relaxation, and self-perceived confidence (101).

In addition, social support and interferences in neighborhoods
or open spaces were also mentioned (103) to be associated with
stress and health benefits.

Associated Factors
The health impacts of greenery have also been emphasized
(42, 117). Among them, the density of green spaces is
crucial (129). Because of the promotion of physical activity,
greener neighborhoods were found to be positively related to
physiological health (111). Furthermore, tree density was found
to be helpful for the stress recovery process (40). When specific
behavior was matched with the appropriate greenery of per
capita area, walking in a high per capita area and sitting in
a low per capita area were found to have the most beneficial
effects with regard to reducing stress, improving mood, and
matching the participants’ preferences for urban green spaces
(156). Moreover, studies on the quality of greenery also examined
stress mitigation, levels of well-being, place attachment, and
people’s attention (29, 39, 109). Moreover, discrepancies can also
result from the greenness component and structural difference.
Defined as structural components, grass and trees, compared
with decorative components, were more valued by people who
were fatigued (38).

Neighborhood greenness was spotlighted because of higher
exposure rates in people’s daily lives. Neighborhood parks were
found to promote physical activity directly and mitigate stress
indirectly via spaces’ positive impact on social support (103).
The frequency of green space usage was found to decline with
increasing accessibility, and respondents living closer to green
space were found to be more likely to achieve physical activity
recommendations and less likely to be overweight or obese
(110). As a result, the greenest neighborhoods were found to
have the lowest risks of poor mental health, and cardiovascular
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FIGURE 8 | Behavior study in post-pandemic period.

disease risk was reduced in all neighborhoods with more than
15% green space availability (111). In addition, the quality of
neighborhood green space was found to be crucial. The index
score of area-aggregated perceived green neighborhood qualities,
including five distinct characteristics of the green neighborhood
environment, namely, cultural, serene, lush, spacious, and wild,
was proposed and applied, and turned out to have an impact on
general health, mediated by physical activity and neighborhood
satisfaction (74).

Scope of Study During COVID-19
Pandemic
Since the outbreak of COVID-19, diversified measures have
been adopted to reduce the spread of the virus. Among
them, lockdowns, social distance limitations, and public
space shutters can significantly affect people’s daily lives.
Strategies of healthy urban planning and design have been
ever more important (165, 166). People’s needs, behavior
types, and activity patterns in public open spaces were
changed correspondingly.

People’s physical activity, outdoor leisure activity, and the
need for social activity have changed greatly because of
the pandemic, and opportunities to adapt to the pandemic
conditions differ greatly. For respondents that shifted to working
remotely and changed their daily routines, such conditions
have led to spending time outdoors more often and for some,
spending less time, while others have avoided recreation in
crowded areas because of social distancing (167). In particular,
the overall volume of physical and social activity decreased
greatly, and patterns of specific behavior, such as walking
speed, step length, and the number of steps, were found to
differ (168). In contrast to the decrease in overall physical and
social activities, leisure and recreation activities associated with
outdoor space usage increased. Nearly half of the respondents
increased outdoor recreation and the majority of outdoor
recreation sites were visited more often or as often as before
the pandemic (167). Compared with activity levels in 2020
relative to the weather benchmark as a baseline, recreational

activity was found to increase greatly by 240% during lockdowns
(169). Site preferences also changed accordingly. Among all
city land-use zones, a shift was observed in Norway—away
from residential and commercial zones toward city green
spaces, including forests and protected areas during lockdowns.
Moreover, cultural landscapes and protected areas received
disproportionately high activity levels relative to the length
of recreational trails available within them (169). Regarding
specific space usage, spatial analysis in Finland revealed that
the most frequently visited recreation sites were near forests,
semi-natural areas, and housing areas, as well as places
relatively close to the respondents’ residences (167). Such impacts
were also found to differ according to socio-demographic
and urbanization characteristics (170). Among children and
adolescents, youth were found to be more affected and worried
during the pandemic, and nearly half of the surveyed children
and youth reported that changes in their emotional state
may contribute to lower subjective well-being (171) although
they were more physically active (169). For elders, physical
exercise and places closer to home were found to be especially
important (172).

To mitigate behavioral changes caused by COVID-19 and
promote physical and psychological health, factors associated
with physical activity engagement, social interaction, and
perception during outdoor leisure should be further investigated
(see Figure 8). Closely associated with public health after the
outbreak of COVID-19 (173), the influence of activity-supportive
infrastructures such as greenery (102, 174), subjective feeling,
and well-being (167, 171) should be examined in more detail.
Activities in parks, neighborhoods, and those influenced by
facilities should be emphasized. Specific groups’ behavioral
patterns and needs should receive more attention, among
which the influence of age and gender should be considered.
Furthermore, although other influencing factors were less related
to the physical, leisure, and social attributes of outdoor behavior,
their impact in the post-COVID-19 period should not be
neglected because of the significant impact of outdoor usage and
people’s overall occurrence.
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CONCLUSION

This article is a systematic review focus on behavior-based
studies in public open spaces. Followed the method of
PRISMA, 109 related research articles were identified. Based
on these studies, objective influencing factors’ impact were
categorized, analyzed, and identified. In specific, distribution of
identified papers was first introduced in Section Overview of
Identified Papers. Types of behavior being studied, interactions
between objective influencing factors and subjective feedbacks
were introduced separately. In Section Effects of Objective
Influencing Factors, influencing factors’ impact were identified.
Four types of influencing factors including site location
and components, climate-based stimuli, as well as people’s
background information have been emphasized. Then, health
impacts of people’s behavior were emphasized, and the research
focus in the post-COVID-19 period was further discussed in
Section Environmental Constituent.

Several points were highlighted in this research: (1) a relatively
complete picture of outdoor influencing factors was proposed;
(2) the impacts of factors mainly including the effects of people’s
background, location and context, environmental components,
and environmental stimuli were specified; (3) the distribution
of existing papers was analyzed, associations were emphasized,
and less studied interactions were distinguished; (4) and research
focus after the outbreak of COVID-19 was further discussed.

Moving forward, several points should be considered
in future behavior-based investigations: (1) the diverse
influencing factors’ impact should be more systematically
considered in outdoor environments; (2) according to the
behavior–factor distribution in existing research, some
interactions that are less studied should be considered; (3)
factors identified to be associated with outdoor physical,
leisure, and social activity promotion and contributing
to health benefits should be given more attention in the
post-COVID-19 period.

Overall, this paper has provided a relatively systematic review
of objective influencing factors frequently studied in existing

research. We hope that this paper will benefit design of outdoor
built environment and provide a more systematic and complete
basis for subsequent behavior-based investigations.

Though most frequently studied influencing factors were
extracted and mentioned in this paper, to get a comprehensive
understanding of outdoor behavior, further investigation is still
needed. Asmost studies reviewed in this paper were concentrated
in regions with better research competence, people’s behavior
in less developed areas have gained less attention. In addition,
subjective factors’ impact, such as safety and aesthetics are
also highly associated with people’s feelings, evaluation, and
environmental perception. Such impacts were neglected in this
paper while they were also proved to have great impacts of
outdoor behavior.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

YY and SH contributed to conception and design of
the study. SH and HD organized the database and
wrote the first draft of the manuscript. YS, FS, and
YZ performed the statistical analysis. DS, XL, HD, SY,
and YY wrote sections of the manuscript. All authors
contributed to manuscript revision, read, and approved the
submitted version.

FUNDING

This research is supported by the National Natural Science
Foundation of China (Grant No. 52078343, 52078341, and
52078443), and Natural Science Foundation of Shanghai
(20ZR1462200). It is also funded by Fundamental Research
Funds for the Central Universities (22120210540).

REFERENCES

1. Zhu W, Wang J, Qin B. Quantity or quality? Exploring the association

between public open space and mental health in urban China. Landsc

Urban Plan. (2021) 213:104128. doi: 10.1016/j.landurbplan.2021.10

4128

2. Jian IY, Chan EHW, Xu Y, Owusu EK. Inclusive public open space

for all: spatial justice with health considerations. Habitat Int. (2021)

118:102457. doi: 10.1016/j.habitatint.2021.102457

3. Aminpour F, Bishop K, Corkery L. The hidden value of in-between spaces

for children’s self-directed play within outdoor school environments. Landsc

Urban Plan. (2020) 194:103683. doi: 10.1016/j.landurbplan.2019.103683

4. Hahm Y, Yoon H, Choi Y. The effect of built environments on the walking

and shopping behaviors of pedestrians; A study with GPS experiment

in Sinchon retail district in Seoul. South Korea Cities. (2019) 89:1–

13. doi: 10.1016/j.cities.2019.01.020

5. Lu Y. Using google street view to investigate the association between

street greenery and physical activity. Landsc Urban Plan. (2019)

191:103435. doi: 10.1016/j.landurbplan.2018.08.029

6. Paul A, Nath TK, Noon SJ, IslamMM, Lechner AM. Public open space. Green

exercise and well-being in Chittagong, Bangladesh. Urban For Urban Green.

(2020) 55:126825. doi: 10.1016/j.ufug.2020.126825

7. HeH, Lin X, Yang Y, Lu Y. Association of street greenery and physical activity

in older adults: A novel study using pedestrian-centered photographs.Urban

For Urban Green. (2020) 55. doi: 10.1016/j.ufug.2020.126789

8. Yang Y, He D, Gou Z, Wang R, Liu Y, Lu Y. Association between street

greenery and walking behavior in older adults in Hong Kong. Sustainable

Cities and Society. (2019) 51:101747. doi: 10.1016/j.scs.2019.101747

9. Lu Y, Sarkar C, Xiao Y. The effect of street-level greenery on walking

behavior: evidence from Hong Kong. Soc Sci Med. (2018) 208:41–

9. doi: 10.1016/j.socscimed.2018.05.022

10. Natapov A, Fisher-Gewirtzman D. Visibility of urban activities and

pedestrian routes: An experiment in a virtual environment. Comput

Environ Urban Syst. (2016) 58:60–70. doi: 10.1016/j.compenvurbsys.2016.

03.007

11. Watanabe S, Ishii J. Effect of outdoor thermal environment on pedestrians’

behavior selecting a shaded area in a humid subtropical region. Build

Environ. (2016) 95:32–41. doi: 10.1016/j.buildenv.2015.09.015

Frontiers in Public Health | www.frontiersin.org 15 May 2022 | Volume 10 | Article 898136

https://doi.org/10.1016/j.landurbplan.2021.104128
https://doi.org/10.1016/j.habitatint.2021.102457
https://doi.org/10.1016/j.landurbplan.2019.103683
https://doi.org/10.1016/j.cities.2019.01.020
https://doi.org/10.1016/j.landurbplan.2018.08.029
https://doi.org/10.1016/j.ufug.2020.126825
https://doi.org/10.1016/j.ufug.2020.126789
https://doi.org/10.1016/j.scs.2019.101747
https://doi.org/10.1016/j.socscimed.2018.05.022
https://doi.org/10.1016/j.compenvurbsys.2016.03.007
https://doi.org/10.1016/j.buildenv.2015.09.015
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Han et al. Behavior in Public Open Spaces

12. Physical activity (2020). Available online at: https://www.who.int/news-

room/fact-sheets/detail/physical-activity (accessed November 26, 2020).

13. Global Recommendations on Physical Activity For Health. Geneva: World

Health Organization (2010).

14. WHO Guidelines on Physical Activity and Sedentary Behaviour. Geneva:

World Health Organization, Licence: CC BY-NC-SA 3.0 IGO. (2020).

15. Guidelines on Physical Activity, Sedentary Behaviour and Sleep For Children

Under 5 Years of Age. Geneva: World Health Organization, Licence: CC

BY-NC-SA 3.0 IGO. (2019).

16. Jongeneel-Grimen B, Droomers M, van Oers HA, Stronks K, Kunst AE.

The relationship between physical activity and the living environment: a

multi-level analyses focusing on changes over time in environmental factors.

Health Place. (2014) 26:149–60. doi: 10.1016/j.healthplace.2013.12.003

17. Global Action Plan on Physical Activity 2018–2030: More Active People For

a Healthier World. Geneva: World Health Organization (2018). Licence: CC

BY-NC-SA 3.0 IGO (2018).

18. Bedimo-Rung AL, Mowen AJ, Cohen DA. The significance of parks to

physical activity and public health: a conceptual model. Am J Prev Med.

(2005) 28:159–68. doi: 10.1016/j.amepre.2004.10.024

19. Nasir RA, Anuar ANA, Darus FM, Jaini N, Salleh SA. The

climatology effects on outdoor recreation perception and activity

in Shah Alam. Procedia-Social and Behavioral Sciences. (2012)

49:193–201. doi: 10.1016/j.sbspro.2012.07.018

20. Chang P-J, Lin Y, Song R. Leisure satisfaction mediates the relationships

between leisure settings. Subjective well-being, and depression among

middle-aged adults in urban china applied research in quality of life. (2018)

14:1001–17. doi: 10.1007/s11482-018-9630-3

21. Lak A, Aghamolaei R, Baradaran HR, Myint PK. A framework for

elder-friendly public open spaces from the Iranian older adults’

perspectives: a mixed-method study. Urban For Urban Green. (2020)

56:126857. doi: 10.1016/j.ufug.2020.126857

22. Hovbrandt P, Stahl A, Iwarsson S, Horstmann V, Carlsson G. Very

old people’s use of the pedestrian environment: functional limitations,

frequency of activity and environmental demands. Eur J Ageing. (2007)

4:201. doi: 10.1007/s10433-007-0064-2

23. Zijlema WL, Triguero-Mas M, Cirach M, Gidlow C, Kruize H,

Grazuleviciene R, et al. Understanding correlates of neighborhood aesthetic

ratings: a European-based four city comparison. Urban For Urban Green.

(2020) 47:126523. doi: 10.1016/j.ufug.2019.126523

24. Markvica K, Richter G, Lenz G. Impact of urban street lighting on road users’

perception of public space and mobility behavior. Build Environ. (2019)

154:32–43. doi: 10.1016/j.buildenv.2019.03.009

25. Boakye-Dankwa E, Nathan A, Barnett A, Busija L, Lee RSY, Pachana N, et

al. Walking behaviour and patterns of perceived access to neighbourhood

destinations in older adults from a low-density (Brisbane, Australia)

and an ultra-dense city (Hong Kong, China). Cities. (2019) 84:23–

33. doi: 10.1016/j.cities.2018.07.002

26. Humpel N, Owen N, Leslie E. Environmental factors associated with

adults’ participation in physical activity. Am J Prev Med. (2002) 22:188–

99. doi: 10.1016/S0749-3797(01)00426-3

27. Knez I, Thorsson S, Eliasson I, Lindberg F. Psychological mechanisms in

outdoor place and weather assessment: towards a conceptual model. Int J

Biometeorol. (2009) 53:101–11. doi: 10.1007/s00484-008-0194-z

28. Kim S, Park S, Lee JS. Meso- or micro-scale? Environmental factors

influencing pedestrian satisfaction. Transp Res D Transp Environ. (2014)

30:10–20. doi: 10.1016/j.trd.2014.05.005

29. Chang P-J, Tsou C-W, Li Y-S. Urban-greenway factors’ influence on older

adults’ psychological well-being: a case study of Taichung, Taiwan.Urban For

Urban Green. (2020) 49:126606. doi: 10.1016/j.ufug.2020.126606

30. Gargiulo I, Garcia X, Benages-Albert M, Martinez J, Pfeffer K, Vall-Casas

P. Women’s safety perception assessment in an urban stream corridor:

developing a safety map based on qualitative GIS, landscape and urban

planning. (2020) 198:103779. doi: 10.1016/j.landurbplan.2020.103779

31. Chan SY, Chau CK, Leung TM. On the study of thermal

comfort and perceptions of environmental features in urban

parks: a structural equation modeling approach. Build

Environ. (2017) 122:171–83. doi: 10.1016/j.buildenv.2017.

06.014

32. Piselli C, Castaldo VL, Pigliautile I, Pisello AL, Cotana F. Outdoor comfort

conditions in urban areas: On citizens’ perspective about microclimate

mitigation of urban transit areas. Sustain Cities Soc. (2018) 39:16–

36. doi: 10.1016/j.scs.2018.02.004

33. Sugiyama T, Cerin E, Owen N, Oyeyemi AL, Conway TL, Van Dyck D, et

al. Perceived neighbourhood environmental attributes associated with adults

recreational walking: IPEN Adult study in 12 countries. Health Place. (2014)

28:22–30. doi: 10.1016/j.healthplace.2014.03.003

34. Knez I, Thorsson S. Thermal, emotional and perceptual evaluations of a

park: cross-cultural and environmental attitude comparisons. Build Environ.

(2008) 43:1483–90. doi: 10.1016/j.buildenv.2007.08.002

35. Nikolopoulou M, Steemers K. Thermal comfort and psychological

adaptation as a guide for designing urban spaces. Energy Build. (2003)

35:95–101. doi: 10.1016/S0378-7788(02)00084-1

36. Eliasson I, Knez I, Westerberg U, Thorsson S, Lindberg F. Climate

and behaviour in a Nordic city. Landsc Urban Plan. (2007) 82:72–

84. doi: 10.1016/j.landurbplan.2007.01.020

37. Knez I, Thorsson S. Influences of culture and environmental attitude on

thermal, emotional and perceptual evaluations of a public square. Int J

Biometeorol. (2006) 50:258–68. doi: 10.1007/s00484-006-0024-0

38. Nordh H, Alalouch C, Hartig T. Assessing restorative components of small

urban parks using conjoint methodology. Urban For Urban Green. (2011)

10:95–103. doi: 10.1016/j.ufug.2010.12.003

39. Lin YH, Tsai CC, Sullivan WC, Chang PJ, Chang CY. Does awareness effect

the restorative function and perception of street trees? Front Psychol. (2014)

5:906. doi: 10.3389/fpsyg.2014.00906

40. Jiang B, Chang C-Y, Sullivan WC. A dose of nature: tree cover,

stress reduction, gender differences. Landsc Urban Plan. (2014) 132:26–

36. doi: 10.1016/j.landurbplan.2014.08.005

41. Joseph RP, Maddock JE. Observational park-based physical activity

studies: a systematic review of the literature. Prev Med. (2016) 89:257–

77. doi: 10.1016/j.ypmed.2016.06.016

42. Browning MHEM, Rigolon A, McAnirlin O, Yoon H. Where

greenspace matters most: A systematic review of urbanicity,

greenspace, physical health. Landscape and Urban Planning. (2022)

217:104233. doi: 10.1016/j.landurbplan.2021.104233

43. Shooshtarian S, Rajagopalan P, Sagoo A. A comprehensive review of thermal

adaptive strategies in outdoor spaces. Sustain Cities Soc. (2018) 41:647–

65. doi: 10.1016/j.scs.2018.06.005

44. Chen L, Ng E. Outdoor thermal comfort and outdoor activities:

a review of research in the past decade. Cities. (2012) 29:118–

25. doi: 10.1016/j.cities.2011.08.006

45. Balai Kerishnan P, Maruthaveeran S. Factors contributing to the usage of

pocket parks—a review of the evidence. Urban For Urban Green. (2021)

58:126985. doi: 10.1016/j.ufug.2021.126985

46. Owen N, Humpel N, Leslie E, Bauman A, Sallis JF. Understanding

environmental influences on walking; Review and research agenda. Am J

Prev Med. (2004) 27:67–76. doi: 10.1016/j.amepre.2004.03.006

47. Cutt H, Giles-Corti B, Knuiman M, Burke V. Dog ownership, health and

physical activity: a critical review of the literature. Health Place. (2007)

13:261–72. doi: 10.1016/j.healthplace.2006.01.003

48. Davison KK, Lawson CT. Do attributes in the physical environment

influence children’s physical activity? A review of the literature. Int J Behav

Nutr Phys Act. (2006) 3:19. doi: 10.1186/1479-5868-3-19

49. Lopez RP, Hynes HP. Obesity, physical activity, and the urban

environment: public health research needs. Environ Health. (2006)

5:25. doi: 10.1186/1476-069X-5-25

50. McNeill LH, Kreuter MW, Subramanian SV. Social environment and

physical activity: a review of concepts and evidence. Soc Sci Med. (2006)

63:1011–22. doi: 10.1016/j.socscimed.2006.03.012

51. Hunter RF, Christian H, Veitch J, Astell-Burt T, Hipp JA, Schipperijn

J. The impact of interventions to promote physical activity in urban

green space: a systematic review and recommendations for future

research. Soc Sci Med. (2015) 124:246–56. doi: 10.1016/j.socscimed.2014.

11.051

52. Kaczynski AT, Henderson KA. Environmental correlates of physical activity:

a review of evidence about parks and recreation. Leisure Sciences. (2007)

29:315–54. doi: 10.1080/01490400701394865

Frontiers in Public Health | www.frontiersin.org 16 May 2022 | Volume 10 | Article 898136

https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1016/j.healthplace.2013.12.003
https://doi.org/10.1016/j.amepre.2004.10.024
https://doi.org/10.1016/j.sbspro.2012.07.018
https://doi.org/10.1007/s11482-018-9630-3
https://doi.org/10.1016/j.ufug.2020.126857
https://doi.org/10.1007/s10433-007-0064-2
https://doi.org/10.1016/j.ufug.2019.126523
https://doi.org/10.1016/j.buildenv.2019.03.009
https://doi.org/10.1016/j.cities.2018.07.002
https://doi.org/10.1016/S0749-3797(01)00426-3
https://doi.org/10.1007/s00484-008-0194-z
https://doi.org/10.1016/j.trd.2014.05.005
https://doi.org/10.1016/j.ufug.2020.126606
https://doi.org/10.1016/j.landurbplan.2020.103779
https://doi.org/10.1016/j.buildenv.2017.06.014
https://doi.org/10.1016/j.scs.2018.02.004
https://doi.org/10.1016/j.healthplace.2014.03.003
https://doi.org/10.1016/j.buildenv.2007.08.002
https://doi.org/10.1016/S0378-7788(02)00084-1
https://doi.org/10.1016/j.landurbplan.2007.01.020
https://doi.org/10.1007/s00484-006-0024-0
https://doi.org/10.1016/j.ufug.2010.12.003
https://doi.org/10.3389/fpsyg.2014.00906
https://doi.org/10.1016/j.landurbplan.2014.08.005
https://doi.org/10.1016/j.ypmed.2016.06.016
https://doi.org/10.1016/j.landurbplan.2021.104233
https://doi.org/10.1016/j.scs.2018.06.005
https://doi.org/10.1016/j.cities.2011.08.006
https://doi.org/10.1016/j.ufug.2021.126985
https://doi.org/10.1016/j.amepre.2004.03.006
https://doi.org/10.1016/j.healthplace.2006.01.003
https://doi.org/10.1186/1479-5868-3-19
https://doi.org/10.1186/1476-069X-5-25
https://doi.org/10.1016/j.socscimed.2006.03.012
https://doi.org/10.1016/j.socscimed.2014.11.051
https://doi.org/10.1080/01490400701394865
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Han et al. Behavior in Public Open Spaces

53. Zhang R, Wulff H, Duan Y, Wagner P. Associations between the physical

environment and park-based physical activity: a systematic review. J Sport

Health Sci. (2019) 8:412–21. doi: 10.1016/j.jshs.2018.11.002

54. Giles-Corti B, Broomhall MH, Knuiman M, Collins C, Douglas K, Ng K,

et al. Increasing walking: how important is distance to, attractiveness, and

size of public open space? Am J Prev Med. (2005) 28(2 Suppl 2):169–

76. doi: 10.1016/j.amepre.2004.10.018

55. Sugiyama T, Gunn LD, Christian H, Francis J, Foster S, Hooper P, et al.

Quality of public open spaces and recreational walking. Am J Public Health.

(2015) 105:2490–5. doi: 10.2105/AJPH.2015.302890

56. Faisal A, Marialena N. Influence of hot arid climate on the use of outdoor

urban spaces and thermal comfort: Do cultural and social backgrounds

matter? Intell Build Int. (2011) 2:198–217. doi: 10.3763/inbi.2010.0046

57. Peng S, Maing M. Influential factors of age-friendly neighborhood

open space under high-density high-rise housing context in hot

weather: a case study of public housing in Hong Kong. Cities. (2021)

115:103231. doi: 10.1016/j.cities.2021.103231

58. Zacharias J, Stathopoulos T,WuH. Spatial behavior in San Francisco’s Plazas.

Environ Behav. (2016) 36:638–58. doi: 10.1177/0013916503262545

59. Yeh T-L, Huang C-J, A. Study on the forms and user’s behaviors of the public

seats in National Taipei University of Technology. Procedia Manuf. (2015)

3:2288–94. doi: 10.1016/j.promfg.2015.07.374

60. Lin T-P, Tsai K-T, Liao C-C, Huang Y-C. Effects of thermal comfort and

adaptation on park attendance regarding different shading levels and activity

types. Build Environ. (2013) 59:599–611. doi: 10.1016/j.buildenv.2012.10.005

61. Nikolopoulou M, Lykoudis S. Use of outdoor spaces and

microclimate in a Mediterranean urban area. Build Environ. (2007)

42:3691–707. doi: 10.1016/j.buildenv.2006.09.008

62. Huang K-T, Lin T-P, Lien H-C. Investigating thermal comfort and user

behaviors in outdoor spaces: a seasonal and spatial perspective.AdvMeteorol.

(2015) 2015:1–11. doi: 10.1155/2015/423508

63. Thorsson S, Lindqvist M, Lindqvist S. Thermal bioclimatic conditions

and patterns of behaviour in an urban park in Göteborg, Sweden. Int J

Biometeorol. (2004) 48:149–56. doi: 10.1007/s00484-003-0189-8

64. Li K, Zhang Y, Zhao L. Outdoor thermal comfort and activities in the urban

residential community in a humid subtropical area of China. Energy Build.

(2016) 133:498–511. doi: 10.1016/j.enbuild.2016.10.013

65. Chen L, Wen Y, Zhang L, Xiang W-N. Studies of thermal comfort and space

use in an urban park square in cool and cold seasons in Shanghai. Build

Environ. (2015) 94:644–53. doi: 10.1016/j.buildenv.2015.10.020

66. Cheung PK, Jim CY. Subjective outdoor thermal comfort and urban green

space usage in humid-subtropical Hong Kong. Energy and Buildings. (2018)

173:150–62. doi: 10.1016/j.enbuild.2018.05.029

67. Martinelli L, Lin T-P, Matzarakis A. Assessment of the influence

of daily shadings pattern on human thermal comfort and

attendance in Rome during summer period. Build Environ. (2015)

92:30–8. doi: 10.1016/j.buildenv.2015.04.013

68. Ma X, Tian Y, Du M, Hong B, Lin B. How to design comfortable open spaces

for the elderly? Implications of their thermal perceptions in an urban park.

Sci Total Environ. (2021) 768:144985. doi: 10.1016/j.scitotenv.2021.144985

69. Shooshtarian S, Rajagopalan P, Wakefield R. Effect of seasonal changes on

usage patterns and behaviours in educational precinct in Melbourne. Urban

Climate. (2018) 26:133–48. doi: 10.1016/j.uclim.2018.08.013

70. Kabisch N, Kraemer R, Masztalerz O, Hemmerling J, Püffel C, Haase

D. Impact of summer heat on urban park visitation, perceived health

and ecosystem service appreciation. Urban For Urban Green. (2021)

60:127058. doi: 10.1016/j.ufug.2021.127058

71. Sharifi E, Sivam A, Boland J. Spatial and activity preferences

during heat stress conditions in adelaide: towards increased

adaptation capacity of the built environment. Procedia Eng. (2017)

180:955–65. doi: 10.1016/j.proeng.2017.04.255

72. Lin T-P. Thermal perception, adaptation and attendance in a public

square in hot and humid regions. Build Environ. (2009) 44:2017–

26. doi: 10.1016/j.buildenv.2009.02.004

73. Zhang W, Yang J, Ma L, Huang C. Factors affecting the use of urban green

spaces for physical activities: views of young urban residents in Beijing.

Urban For Urban Green. (2015) 14:851–7. doi: 10.1016/j.ufug.2015.08.006

74. de Jong K, Albin M, Skarback E, Grahn P, Bjork J. Perceived green

qualities were associated with neighborhood satisfaction, physical activity,

and general health: results from a cross-sectional study in suburban

and rural Scania, southern Sweden. Health Place. (2012) 18:1374–

80. doi: 10.1016/j.healthplace.2012.07.001

75. Turrell G, Haynes M, Burton NW, Giles-Corti B, Oldenburg B, Wilson

LA, et al. Neighborhood disadvantage and physical activity: baseline results

from the HABITAT multilevel longitudinal study. Ann Epidemiol. (2010)

20:171–81. doi: 10.1016/j.annepidem.2009.11.004

76. Burton NW, Haynes M, Wilson LA, Giles-Corti B, Oldenburg BF,

Brown WJ, et al. Habitat: A longitudinal multilevel study of physical

activity change in mid-aged adults. BMC Public Health. (2009)

9:76. doi: 10.1186/1471-2458-9-76

77. Wheeler BW, Cooper AR, Page AS, Jago R. Greenspace and children’s

physical activity: a GPS/GIS analysis of the PEACH project. PrevMed. (2010)

51:148–52. doi: 10.1016/j.ypmed.2010.06.001

78. Duan Y, Wagner P, Zhang R, Wulff H, Brehm W. Physical

activity areas in urban parks and their use by the elderly from

two cities in China and Germany. Landsc Urban Plan. (2018)

178:261–9. doi: 10.1016/j.landurbplan.2018.06.009

79. Chaudhury H, Mahmood A, Michael YL, CampoM, Hay K. The influence of

neighborhood residential density, physical and social environments on older

adults’ physical activity: an exploratory study in two metropolitan areas. J

Aging Stud. (2012) 26:35–43. doi: 10.1016/j.jaging.2011.07.001

80. Jauregui A, Salvo D, Lamadrid-Figueroa H, Hernandez B, Rivera JA, Pratt M.

Perceived neighborhood environmental attributes associated with leisure-

time and transport physical activity inMexican adults. PrevMed 103S. (2017)

S21–S26. doi: 10.1016/j.ypmed.2016.11.014

81. Feng X, Toms R, Astell-Burt T. Association between green space, outdoor

leisure time and physical activity. Urban For Urban Green. (2021)

66. doi: 10.1016/j.ufug.2021.127349

82. Cohen DA, Marsh T, Williamson S, Han B, Derose KP, Golinelli D, et al. The

potential for pocket parks to increase physical activity. Am J Health Promot.

(2014) 28(3 Suppl):S19–26. doi: 10.4278/ajhp.130430-QUAN-213

83. Zhai Y, Li D, Wu C, Wu H. Urban park facility use and

intensity of seniors’ physical activity – An examination combining

accelerometer and GPS tracking. Landsc Urban Plan. (2021)

205:103950. doi: 10.1016/j.landurbplan.2020.103950

84. Nasir RA, Ahmad SS, Ahmed AZ. Physical activity and human

comfort correlation in an urban park in hot and humid conditions.

Procedia Soc Behav Sci. (2013) 105:598–609. doi: 10.1016/j.sbspro.2013.

11.063

85. Wagner AL, Keusch F, Yan T, Clarke PJ. The impact of weather on

summer and winter exercise behaviors. J Sport Health Sci. (2019) 8:39–

45. doi: 10.1016/j.jshs.2016.07.007

86. Kabisch N, Kraemer R. Physical activity patterns in two differently

characterised urban parks under conditions of summer heat. Environ Sci

Policy. (2020) 107:56–65. doi: 10.1016/j.envsci.2020.02.008

87. McMorris O, Villeneuve PJ, Su J, Jerrett M. Urban greenness and physical

activity in a national survey of Canadians. Environ Res. (2015) 137:94–

100. doi: 10.1016/j.envres.2014.11.010

88. Lachowycz K, Jones AP, Page AS, Wheeler BW, Cooper AR. What can

global positioning systems tell us about the contribution of different types

of urban greenspace to children’s physical activity? Health Place. (2012)

18:586–94. doi: 10.1016/j.healthplace.2012.01.006

89. Wang M, Qiu M, Chen M, Zhang Y, Zhang S, Wang L. How does urban

green space feature influence physical activity diversity in high-density built

environment? An on-site observational study. Urban For Urban Green.

(2021) 62:127129. doi: 10.1016/j.ufug.2021.127129

90. Cosco NG, Moore RC, Islam MZ. Behavior mapping: a method for linking

preschool physical activity and outdoor design.Med Sci Sports Exerc. (2010)

42:513–9. doi: 10.1249/MSS.0b013e3181cea27a

91. Veitch J, Salmon J, Abbott G, Timperio A, Sahlqvist S. Understanding

the impact of the installation of outdoor fitness equipment

and a multi-sports court on park visitation and park-based

physical activity: a natural experiment. Health Place. (2021)

71:102662. doi: 10.1016/j.healthplace.2021.102662

Frontiers in Public Health | www.frontiersin.org 17 May 2022 | Volume 10 | Article 898136

https://doi.org/10.1016/j.jshs.2018.11.002
https://doi.org/10.1016/j.amepre.2004.10.018
https://doi.org/10.2105/AJPH.2015.302890
https://doi.org/10.3763/inbi.2010.0046
https://doi.org/10.1016/j.cities.2021.103231
https://doi.org/10.1177/0013916503262545
https://doi.org/10.1016/j.promfg.2015.07.374
https://doi.org/10.1016/j.buildenv.2012.10.005
https://doi.org/10.1016/j.buildenv.2006.09.008
https://doi.org/10.1155/2015/423508
https://doi.org/10.1007/s00484-003-0189-8
https://doi.org/10.1016/j.enbuild.2016.10.013
https://doi.org/10.1016/j.buildenv.2015.10.020
https://doi.org/10.1016/j.enbuild.2018.05.029
https://doi.org/10.1016/j.buildenv.2015.04.013
https://doi.org/10.1016/j.scitotenv.2021.144985
https://doi.org/10.1016/j.uclim.2018.08.013
https://doi.org/10.1016/j.ufug.2021.127058
https://doi.org/10.1016/j.proeng.2017.04.255
https://doi.org/10.1016/j.buildenv.2009.02.004
https://doi.org/10.1016/j.ufug.2015.08.006
https://doi.org/10.1016/j.healthplace.2012.07.001
https://doi.org/10.1016/j.annepidem.2009.11.004
https://doi.org/10.1186/1471-2458-9-76
https://doi.org/10.1016/j.ypmed.2010.06.001
https://doi.org/10.1016/j.landurbplan.2018.06.009
https://doi.org/10.1016/j.jaging.2011.07.001
https://doi.org/10.1016/j.ypmed.2016.11.014
https://doi.org/10.1016/j.ufug.2021.127349
https://doi.org/10.4278/ajhp.130430-QUAN-213
https://doi.org/10.1016/j.landurbplan.2020.103950
https://doi.org/10.1016/j.sbspro.2013.11.063
https://doi.org/10.1016/j.jshs.2016.07.007
https://doi.org/10.1016/j.envsci.2020.02.008
https://doi.org/10.1016/j.envres.2014.11.010
https://doi.org/10.1016/j.healthplace.2012.01.006
https://doi.org/10.1016/j.ufug.2021.127129
https://doi.org/10.1249/MSS.0b013e3181cea27a
https://doi.org/10.1016/j.healthplace.2021.102662
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Han et al. Behavior in Public Open Spaces

92. Pasha S, Shepley MM. Research note: physical activity in

pediatric healing gardens. Landsc Urban Plan. (2013) 118:53–

8. doi: 10.1016/j.landurbplan.2013.05.005

93. Cerin E, Zhang CJ, Barnett A, Sit CH, Cheung MM, Johnston JM, et

al. Associations of objectively-assessed neighborhood characteristics with

older adults’ total physical activity and sedentary time in an ultra-dense

urban environment: Findings from the ALECS study. Health Place. (2016)

42:1–10. doi: 10.1016/j.healthplace.2016.08.009

94. Rivera E, Timperio A, Loh VHY, Deforche B, Veitch J. Critical

factors influencing adolescents’ active and social park use: a qualitative

study using walk-along interviews. Urban For Urban Green. (2021)

58:126948. doi: 10.1016/j.ufug.2020.126948

95. Akpinar A. Investigating the barriers preventing adolescents from physical

activities in urban green spaces. Urban For Urban Green. (2020)

53:126724. doi: 10.1016/j.ufug.2020.126724

96. Flowers EP, Timperio A, Hesketh KD, Veitch J. Comparing the

features of parks that children usually visit with those that are

closest to home: a brief report. Urban For Urban Green. (2020)

48:126560. doi: 10.1016/j.ufug.2019.126560

97. Koohsari MJ, Nakaya T, McCormack GR, Shibata A, Ishii K,

Yasunaga A, et al. Dog-walking in dense compact areas: The

role of neighbourhood built environment. Health Place. (2020)

61:102242. doi: 10.1016/j.healthplace.2019.102242

98. Lee C, Moudon AV. Neighbourhood design and physical activity. Build Res

Inf. (2008) 36:395–411. doi: 10.1080/09613210802045547

99. Wang R, Grekousis G, Lu Y. Rethinking the link between the

availability of neighborhood PA facilities and PA behavior: a

comparison between private and public housing. Build Environ. (2022)

207:108401. doi: 10.1016/j.buildenv.2021.108401

100. Pietilä M, Neuvonen M, Borodulin K, Korpela K, Sievänen T, Tyrväinen

L. Relationships between exposure to urban green spaces, physical

activity and self-rated health. J Outdoor Recreat Tour. (2015) 10:44–

54. doi: 10.1016/j.jort.2015.06.006

101. Liu H, Li F, Li J, Zhang Y. The relationships between urban parks, residents’

physical activity, andmental health benefits: a case study fromBeijing, China.

J Environ Manage. (2017) 190:223–30. doi: 10.1016/j.jenvman.2016.12.058

102. Yang Y, Lu Y, Yang L, Gou Z, Liu Y. Urban greenery cushions

the decrease in leisure-time physical activity during the COVID-19

pandemic: a natural experimental study. Urban For Urban Green. (2021)

62:127136. doi: 10.1016/j.ufug.2021.127136

103. Fan Y, Das KV, Chen Q. Neighborhood green, social support, physical

activity, and stress: assessing the cumulative impact. Health Place. (2011)

17:1202–11. doi: 10.1016/j.healthplace.2011.08.008

104. Wang Z, Shepley MM. Can aging-in-place be promoted by the built

environment near home for physical activity: a case study of non-

hispanic white elderly in Texas. J Hous Built Environ. (2018) 33:749–

66. doi: 10.1007/s10901-017-9584-z

105. Cohen DA, McKenzie TL, Sehgal A, Williamson S, Golinelli D, Lurie N.

Contribution of public parks to physical activity. Am J Public Health. (2007)

97:509–14. doi: 10.2105/AJPH.2005.072447

106. Stewart OT, Moudon AV, Fesinmeyer MD, Zhou C, Saelens BE. The

association between park visitation and physical activity measured

with accelerometer, GPS, travel diary. Health Place. (2016) 38:82–

8. doi: 10.1016/j.healthplace.2016.01.004

107. Hooper P, Foster S, Edwards N, Turrell G, Burton N, Giles-Corti B, et al.

Positive HABITATS for physical activity: Examining use of parks and its

contribution to physical activity levels in mid-to older-aged adults. Health

Place. (2020) 63:102308. doi: 10.1016/j.healthplace.2020.102308

108. Brown G, Schebella MF, Weber D. Using participatory GIS to measure

physical activity and urban park benefits. Landsc Urban Plan. (2014) 121:34–

44. doi: 10.1016/j.landurbplan.2013.09.006

109. Akpinar A. How is quality of urban green spaces associated with

physical activity and health? Urban For Urban Green. (2016) 16:76–

83. doi: 10.1016/j.ufug.2016.01.011

110. Coombes E, Jones AP, Hillsdon M. The relationship of physical activity

and overweight to objectively measured green space accessibility and

use. Soc Sci Med. (2010) 70:816–22. doi: 10.1016/j.socscimed.2009.

11.020

111. Richardson EA, Pearce J, Mitchell R, Kingham S. Role of physical activity in

the relationship between urban green space and health. Public Health. (2013)

127:318–24. doi: 10.1016/j.puhe.2013.01.004

112. Chang PJ, Bae SY. Positive emotional effects of leisure in green spaces in

alleviating work-family spillover in workingmothers. Int J Environ Res Public

Health. (2017) 14:757. doi: 10.3390/ijerph14070757

113. Wang R, Jiang W, Lu T. Landscape characteristics of university campus in

relation to aesthetic quality and recreational preference. Urban For Urban

Green. (2021) 66:127389. doi: 10.1016/j.ufug.2021.127389

114. Bozkurt M, Woolley H. Let’s splash: children’s active and passive water play

in constructed and natural water features in urban green spaces in Sheffield.

Urban For Urban Green. (2020) 52:126696. doi: 10.1016/j.ufug.2020.

126696

115. Völker S, Kistemann T. Developing the urban blue: comparative health

responses to blue and green urban open spaces in Germany. Health Place.

(2015) 35:196–205. doi: 10.1016/j.healthplace.2014.10.015

116. Ngesan MR, Karim HA, Zubir SS, Ahmad P. Urban community perception

on nighttime leisure activities in improving public park design. Procedia Soc

Behav Sci. (2013) 105:619–31. doi: 10.1016/j.sbspro.2013.11.065

117. Grilli G, Mohan G, Curtis J. Public park attributes, park

visits, and associated health status. Landsc Urban Plan. (2020)

199:103814. doi: 10.1016/j.landurbplan.2020.103814

118. Chang PJ, Wray L, Lin Y. Social relationships, leisure activity, and health in

older adults. Health Psychol. (2014) 33:516–23. doi: 10.1037/hea0000051

119. Yung EHK, Wang S, Chau C-k. Thermal perceptions of the elderly, use

patterns and satisfaction with open space. Landsc Urban Plan. (2019) 185:44–

60. doi: 10.1016/j.landurbplan.2019.01.003

120. Nasution AD, Zahrah W. Public open space privatization and quality of

life. Case study merdeka square medan. Procedia Soc Behav Sci. (2012)

36:466–75. doi: 10.1016/j.sbspro.2012.03.051

121. Chang P-J. Effects of the built and social features of urban greenways

on the outdoor activity of older adults. Landsc Urban Plan. (2020)

204:103929. doi: 10.1016/j.landurbplan.2020.103929

122. Yung EHK, Conejos S, Chan EHW. Social needs of the elderly and active

aging in public open spaces in urban renewal. Cities. (2016) 52:114–

22. doi: 10.1016/j.cities.2015.11.022

123. Izadifar A, Yazdanfar S-A, Hosseini S-B, Norouzian-Maleki S.

Relationship between support of social activities and fear of

crime in Iran residential complex. Procedia Soc Behav Sci. (2015)

170:575–85. doi: 10.1016/j.sbspro.2015.01.059

124. Askarizad R, Safari H. The influence of social interactions on the

behavioral patterns of the people in urban spaces (case study: The

pedestrian zone of Rasht Municipality Square, Iran). Cities. (2020)

101:102687. doi: 10.1016/j.cities.2020.102687

125. Ngesan MR, Karim HA. Night time social behavior in urban

outdoor spaces of Shah Alam. Procedia Soc Behav Sci. (2012)

50:959–68. doi: 10.1016/j.sbspro.2012.08.097

126. NgesanMR, KarimHA, Zubir SS. Human behaviour and activities in relation

to Shah Alam Urban Park during nighttime. Procedia Soc Behav Sci. (2012)

68:427–38. doi: 10.1016/j.sbspro.2012.12.239

127. Rivera E, Timperio A, Loh VH, Deforche B, Veitch J. Important park

features for encouraging park visitation, physical activity and social

interaction among adolescents: a conjoint analysis. Health Place. (2021)

70:102617. doi: 10.1016/j.healthplace.2021.102617

128. Reinhart CF, Dhariwal J, Gero K. Biometeorological indices

explain outside dwelling patterns based on Wi-Fi data in

support of sustainable urban planning. Build Environ. (2017)

126:422–30. doi: 10.1016/j.buildenv.2017.10.026

129. Xue F, Gou Z, Lau SSY. Green open space in high-dense Asian cities:

site configurations, microclimates and users’ perceptions. Sustain Cities Soc.

(2017) 34:114–25. doi: 10.1016/j.scs.2017.06.014

130. Lin C-H, Lin T-P, Hwang R-L. Thermal comfort for Urban Parks in

subtropics: understanding visitor’s perceptions. Behavior is Adv Study Behav.

(2013) 2013:1–8. doi: 10.1155/2013/640473

131. Schipperijn J, Ekholm O, Stigsdotter UK, Toftager M, Bentsen P, Kamper-

Jørgensen F, et al. Factors influencing the use of green space: results from a

Danish national representative survey. Landsc Urban Plan. (2010) 95:130–

7. doi: 10.1016/j.landurbplan.2009.12.010

Frontiers in Public Health | www.frontiersin.org 18 May 2022 | Volume 10 | Article 898136

https://doi.org/10.1016/j.landurbplan.2013.05.005
https://doi.org/10.1016/j.healthplace.2016.08.009
https://doi.org/10.1016/j.ufug.2020.126948
https://doi.org/10.1016/j.ufug.2020.126724
https://doi.org/10.1016/j.ufug.2019.126560
https://doi.org/10.1016/j.healthplace.2019.102242
https://doi.org/10.1080/09613210802045547
https://doi.org/10.1016/j.buildenv.2021.108401
https://doi.org/10.1016/j.jort.2015.06.006
https://doi.org/10.1016/j.jenvman.2016.12.058
https://doi.org/10.1016/j.ufug.2021.127136
https://doi.org/10.1016/j.healthplace.2011.08.008
https://doi.org/10.1007/s10901-017-9584-z
https://doi.org/10.2105/AJPH.2005.072447
https://doi.org/10.1016/j.healthplace.2016.01.004
https://doi.org/10.1016/j.healthplace.2020.102308
https://doi.org/10.1016/j.landurbplan.2013.09.006
https://doi.org/10.1016/j.ufug.2016.01.011
https://doi.org/10.1016/j.socscimed.2009.11.020
https://doi.org/10.1016/j.puhe.2013.01.004
https://doi.org/10.3390/ijerph14070757
https://doi.org/10.1016/j.ufug.2021.127389
https://doi.org/10.1016/j.ufug.2020.126696
https://doi.org/10.1016/j.healthplace.2014.10.015
https://doi.org/10.1016/j.sbspro.2013.11.065
https://doi.org/10.1016/j.landurbplan.2020.103814
https://doi.org/10.1037/hea0000051
https://doi.org/10.1016/j.landurbplan.2019.01.003
https://doi.org/10.1016/j.sbspro.2012.03.051
https://doi.org/10.1016/j.landurbplan.2020.103929
https://doi.org/10.1016/j.cities.2015.11.022
https://doi.org/10.1016/j.sbspro.2015.01.059
https://doi.org/10.1016/j.cities.2020.102687
https://doi.org/10.1016/j.sbspro.2012.08.097
https://doi.org/10.1016/j.sbspro.2012.12.239
https://doi.org/10.1016/j.healthplace.2021.102617
https://doi.org/10.1016/j.buildenv.2017.10.026
https://doi.org/10.1016/j.scs.2017.06.014
https://doi.org/10.1155/2013/640473
https://doi.org/10.1016/j.landurbplan.2009.12.010
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Han et al. Behavior in Public Open Spaces

132. Schipperijn J, Stigsdotter UK, Randrup TB, Troelsen J. Influences on the use

of urban green space – a case study in Odense, Denmark. Urban For Urban

Green. (2010) 9:25–32. doi: 10.1016/j.ufug.2009.09.002

133. Tu X, Huang G, Wu J, Guo X. How do travel distance and park

size influence urban park visits? Urban For Urban Green. (2020)

52:126689. doi: 10.1016/j.ufug.2020.126689

134. Hu X, Shen P, Shi Y, Zhang Z. Using Wi-Fi probe and location data

to analyze the human distribution characteristics of green spaces: a case

study of the Yanfu Greenland Park, China. Urban For Urban Green. (2020)

54:126733. doi: 10.1016/j.ufug.2020.126733

135. Zhang J, Tan PY. Demand for parks and perceived accessibility as key

determinants of urban park use behavior. Urban For Urban Green. (2019)

44:126420. doi: 10.1016/j.ufug.2019.126420

136. Rout A, Galpern P. Benches, fountains and trees: using mixed-methods with

questionnaire and smartphone data to design urban green spaces. Urban For

Urban Green. (2022) 67. doi: 10.1016/j.ufug.2021.127335

137. Mao Y, Qi J, He B-J. Impact of the heritage building façade in

small-scale public spaces on human activity: based on spatial analysis.

Environ Impact Assess Rev. (2020) 85:106457. doi: 10.1016/j.eiar.2020.

106457

138. Lai D, Zhou C, Huang J, Jiang Y, Long Z, Chen Q. Outdoor space

quality: a field study in an urban residential community in central

China. Energy and Buildings. (2014) 68:713–20. doi: 10.1016/j.enbuild.2013.

02.051

139. Thorsson S, Honjo T, Lindberg F, Eliasson I, Lim E-M. Thermal comfort

and outdoor activity in japanese urban public places. Environ Behav. (2007)

39:660–84. doi: 10.1177/0013916506294937

140. Lenzholzer S, van der Wulp NY. Thermal experience and perception of

the built environment in dutch urban squares. J Urban Des. (2010) 15:375–

401. doi: 10.1080/13574809.2010.488030

141. Lin T-P, Tsai K-T, Hwang R-L, Matzarakis A. Quantification of the

effect of thermal indices and sky view factor on park attendance.

Landsc Urban Plan. (2012) 107:137–46. doi: 10.1016/j.landurbplan.2012.

05.011

142. Kariminia S, Sh Ahmad S, Norhati I. Landscape attributes. Microclimate

and thermal comfort of an urban square in moderate and dry climate. Adv

Mat Res.(2012) 613:3780–4. doi: 10.4028/www.scientific.net/AMR.610-613.

3780

143. Qin H, Cheng X, Han G, Wang Y, Deng J, Yang Y. How thermal

conditions affect the spatial-temporal distribution of visitors in urban

parks: A case study in Chongqing, China. Urban For Urban Green. (2021)

66:127393. doi: 10.1016/j.ufug.2021.127393

144. Liu J, Wei Y, Lu S, Wang R, Chen L, Xu F. The elderly’s preference

for the outdoor environment in Fragrant Hills Nursing Home,

Beijing: Interpreting the visual-behavioural relationship. Urban

For Urban Green. (2021) 64:127242. doi: 10.1016/j.ufug.2021.

127242

145. Pasha S. Barriers to garden visitation in children’s hospitals. HERD. (2013)

6:76–96. doi: 10.1177/193758671300600405

146. Skriver HansenA, Glette V, Arce JF.Mapping recreational activities in coastal

and marine areas – PPGIS findings from western Sweden. Ocean Coast

Manag. (2021) 205:105567. doi: 10.1016/j.ocecoaman.2021.105567

147. Lottrup L, Stigsdotter UK, Meilby H, Corazon SS. Associations between

use, activities and characteristics of the outdoor environment at workplaces.

Urban For Urban Green. (2012) 11:159–68. doi: 10.1016/j.ufug.2011.12.006

148. Paukaeva AA, Setoguchi T, Luchkova VI, Watanabe N, Sato H.

Impacts of the temporary urban design on the people’s behavior -

The case study on the winter city Khabarovsk, Russia. Cities. (2021)

117:103303. doi: 10.1016/j.cities.2021.103303

149. Sun X, Wang L, Wang F, Soltani S. Behaviors of seniors and impact of spatial

form in small-scale public spaces in Chinese old city zones. Cities. (2020)

107:102894. doi: 10.1016/j.cities.2020.102894

150. Chen Y, Liu T, Liu W. Increasing the use of large-scale public open spaces: a

case study of the North Central Axis Square in Shenzhen, China.Habitat Int.

(2016) 53:66–77. doi: 10.1016/j.habitatint.2015.10.027

151. Unt A-L, Bell S. The impact of small-scale design interventions on the

behaviour patterns of the users of an urban wasteland. Urban For Urban

Green. (2014) 13:121–35. doi: 10.1016/j.ufug.2013.10.008

152. Mu B, Liu C, Mu T, Xu X, Tian G, Zhang Y, et al. Spatiotemporal

fluctuations in urban park spatial vitality determined by on-site observation

and behavior mapping: a case study of three parks in Zhengzhou City,

China. Urban For Urban Green. (2021) 64:127246. doi: 10.1016/j.ufug.2021.

127246

153. Do DT, Cheng Y, Shojai A, Chen Y. Public park behaviour in Da Nang:

An investigation into how open space is used. Front Archit Res. (2019)

8:454–70. doi: 10.1016/j.foar.2019.05.006

154. Hermida MA, Neira M, Cabrera-Jara N, Osorio P. Resilience

in Latin American Cities: behaviour vs. Space quality in the

Riverbanks of the Tomebamba River. Procedia Eng. (2017)

198:467–81. doi: 10.1016/j.proeng.2017.07.101

155. Zacharias J, Stathopoulos T, Wu H. Microclimate and

downtown open space activity. Environ Behav. (2016) 33:296–

315. doi: 10.1177/00139160121973007

156. Lin W, Chen Q, Jiang M, Zhang X, Liu Z, Tao J, et al. The

effect of green space behaviour and per capita area in small

urban green spaces on psychophysiological responses. Landsc

Urban Plan. (2019) 192:103637. doi: 10.1016/j.landurbplan.2019.

103637

157. Huang J, Zhou C, Zhuo Y, Xu L, Jiang Y. Outdoor thermal environments

and activities in open space: An experiment study in humid subtropical

climates. Build Environ. (2016) 103:238–49. doi: 10.1016/j.buildenv.2016.

03.029

158. Clevenger KA, Erickson KT, Grady SC, Pfeiffer KA. Characterizing

preschooler’s outdoor physical activity: the comparability of schoolyard

location- and activity type-based approaches. Early Child Res Q. (2021)

56:139–48. doi: 10.1016/j.ecresq.2021.03.012

159. Adinolfi C, Suárez-Cáceres GP, Cariñanos P. Relation between

visitors’ behaviour and characteristics of green spaces in the city

of Granada, south-eastern Spain. Urban For Urban Green. (2014)

13:534–42. doi: 10.1016/j.ufug.2014.03.007

160. Säumel I, Hogrefe J, Battisti L, Wachtel T, Larcher F. The healthy

green living room at one’s doorstep? Use and perception of residential

greenery in Berlin, Germany. Urban For Urban Green. (2021)

58:126949. doi: 10.1016/j.ufug.2020.126949

161. Malek NA, Mariapan M, Rahman N. IAA community participation in

quality assessment for green open spaces in Malaysia. Procedia Soc. (2015)

168:219–28. doi: 10.1016/j.sbspro.2014.10.227

162. Hong J. How does the seasonality influence utilitarian walking behaviour

in different urbanization settings in Scotland? Soc Sci Med. (2016) 162:143–

50. doi: 10.1016/j.socscimed.2016.06.024

163. Leng H, Li T. Research on public open space of rural areas in severe cold

regions based on survey of residents on the behavioral activity. Procedia Eng.

(2016) 146:327–34. doi: 10.1016/j.proeng.2016.06.400

164. Every move counts towards better health–says WHO (2020). Available

online at: https://www.who.int/news/item/25-11-2020-every-move-counts-

towards-better-health-says-who. (Accessed November 25, 2020).

165. Capolongo S, Rebecchi A, Buffoli M, Appolloni L, Signorelli C, Fara GM,

et al. COVID-19 and Cities: from Urban Health strategies to the pandemic

challenge. A Decalogue of Public Health opportunities. Acta Biomed. (2020)

91:13–22. doi: 10.23750/abm.v91i2.9615

166. Capolongo S, Buffoli M, Brambilla A, Rebecchi A. Healthy urban planning

and design strategies to improve urban quality and attractiveness of

places. TECHNE - J Technol Architecture Environ. (2020) 19:271–9.

doi: 10.13128/techne-7837

167. Fagerholm N, Eilola S, Arki V. Outdoor recreation and nature’s

contribution to well-being in a pandemic situation - Case Turku, Finland.

Urban For Urban Green. (2021) 64:127257. doi: 10.1016/j.ufug.2021.

127257

168. Obuchi SP, Kawai H, Ejiri M, Ito K, Murakawa K. Change in outdoor

walking behavior during the coronavirus disease pandemic in Japan: a

longitudinal study.Gait Posture. (2021) 88:42–6. doi: 10.1016/j.gaitpost.2021.

05.005

169. Venter ZS, Barton DN, Gundersen V, Figari H, Nowell MS. Back to

nature: Norwegians sustain increased recreational use of urban green

space months after the COVID-19 outbreak. Landsc Urban Plan. (2021)

214:104175. doi: 10.1016/j.landurbplan.2021.104175

Frontiers in Public Health | www.frontiersin.org 19 May 2022 | Volume 10 | Article 898136

https://doi.org/10.1016/j.ufug.2009.09.002
https://doi.org/10.1016/j.ufug.2020.126689
https://doi.org/10.1016/j.ufug.2020.126733
https://doi.org/10.1016/j.ufug.2019.126420
https://doi.org/10.1016/j.ufug.2021.127335
https://doi.org/10.1016/j.eiar.2020.106457
https://doi.org/10.1016/j.enbuild.2013.02.051
https://doi.org/10.1177/0013916506294937
https://doi.org/10.1080/13574809.2010.488030
https://doi.org/10.1016/j.landurbplan.2012.05.011
https://doi.org/10.4028/www.scientific.net/AMR.610-613.3780
https://doi.org/10.1016/j.ufug.2021.127393
https://doi.org/10.1016/j.ufug.2021.127242
https://doi.org/10.1177/193758671300600405
https://doi.org/10.1016/j.ocecoaman.2021.105567
https://doi.org/10.1016/j.ufug.2011.12.006
https://doi.org/10.1016/j.cities.2021.103303
https://doi.org/10.1016/j.cities.2020.102894
https://doi.org/10.1016/j.habitatint.2015.10.027
https://doi.org/10.1016/j.ufug.2013.10.008
https://doi.org/10.1016/j.ufug.2021.127246
https://doi.org/10.1016/j.foar.2019.05.006
https://doi.org/10.1016/j.proeng.2017.07.101
https://doi.org/10.1177/00139160121973007
https://doi.org/10.1016/j.landurbplan.2019.103637
https://doi.org/10.1016/j.buildenv.2016.03.029
https://doi.org/10.1016/j.ecresq.2021.03.012
https://doi.org/10.1016/j.ufug.2014.03.007
https://doi.org/10.1016/j.ufug.2020.126949
https://doi.org/10.1016/j.sbspro.2014.10.227
https://doi.org/10.1016/j.socscimed.2016.06.024
https://doi.org/10.1016/j.proeng.2016.06.400
https://www.who.int/news/item/25-11-2020-every-move-counts-towards-better-health-says-who
https://www.who.int/news/item/25-11-2020-every-move-counts-towards-better-health-says-who
https://doi.org/10.23750/abm.v91i2.9615
https://doi.org/10.13128/techne-7837
https://doi.org/10.1016/j.ufug.2021.127257
https://doi.org/10.1016/j.gaitpost.2021.05.005
https://doi.org/10.1016/j.landurbplan.2021.104175
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Han et al. Behavior in Public Open Spaces

170. da Schio N, Phillips A, Fransen K, Wolff M, Haase D, Ostoić SK, et

al. The impact of the COVID-19 pandemic on the use of and attitudes

towards urban forests and green spaces: exploring the instigators of change

in Belgium. Urban For Urban Green. (2021) 65. doi: 10.1016/j.ufug.2021.

127305

171. Mitra R, Waygood EOD, Fullan J. Subjective well-being of Canadian

children and youth during the COVID-19 pandemic: the role of the

social and physical environment and healthy movement behaviours.

Prev Med Rep. (2021) 23:101404. doi: 10.1016/j.pmedr.2021.1

01404

172. Portegijs E, Keskinen KE, Tuomola EM, Hinrichs T, Saajanaho M,

Rantanen T. Older adults’ activity destinations before and during COVID-

19 restrictions: from a variety of activities to mostly physical exercise close

to home. Health Place. (2021) 68:102533. doi: 10.1016/j.healthplace.2021.10

2533

173. Laddu D, Paluch AE, LaMonte MJ. The role of the built environment

in promoting movement and physical activity across the lifespan:

implications for public health. Prog Cardiovasc Dis. (2021) 64:33–

40. doi: 10.1016/j.pcad.2020.12.009

174. Bherwani H, Indorkar T, Sangamnere R, Gupta A, Anshul A, Nair MM,

et al. Investigation of adoption and cognizance of urban green spaces

in India: post COVID-19 scenarios. Curr Opin Environ Sustain. (2021)

3:100088. doi: 10.1016/j.crsust.2021.100088

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Han, Ye, Song, Yan, Shi, Zhang, Liu, Du and Song. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Public Health | www.frontiersin.org 20 May 2022 | Volume 10 | Article 898136

https://doi.org/10.1016/j.ufug.2021.127305
https://doi.org/10.1016/j.pmedr.2021.101404
https://doi.org/10.1016/j.healthplace.2021.102533
https://doi.org/10.1016/j.pcad.2020.12.009
https://doi.org/10.1016/j.crsust.2021.100088
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	A Systematic Review of Objective Factors Influencing Behavior in Public Open Spaces
	Introduction
	Background
	Review Objectives

	Method of Review
	Overview of Identified Papers
	Distribution of the Types of Studied Behavior
	Distribution of Interactions Between Objective Influencing Factors and Subjective Feedbacks

	Effects of Objective Influencing Factors
	People's Background
	Gender
	Age Difference
	Regional Differences
	Other Factors

	Background of Built Environment
	The Influence of District Density
	The Influence of Neighborhoods
	Squares
	Parks
	Other Open Spaces

	Environmental Constituent
	Greenery
	Shelters and Shaded Areas
	Other Facilities

	Climate-Based Environment
	Seasonal Changes
	Microclimate or Specific Outdoor Thermal Parameters
	Other Climate-Related Factors

	Other Influencing Factors

	Discussion
	Outdoor Health Impact
	Associated Behavior
	Associated Factors

	Scope of Study During COVID-19 Pandemic

	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	References


