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A B S T R A C T   

To examine whether residential self-selection bias influence the associations between neighborhood physical 
activity (PA) facilities and respondents’ PA behavior. This study uses a natural experimental research design. 
Three waves of China Family Panel Studies data were used. The outcome variables were the weekly duration and 
frequency of PA. The availability of neighborhood PA facilities was measured using the presence of PA facilities 
and the number of PA facilities within residential neighborhoods. Multilevel regression models were used to 
examine the relationships between the availability of neighborhood PA facilities and respondents’ PA behavior, 
adjusted for covariates. Associations were stratified by two groups (those living in private housing vs. public 
housing). Residents of private housing can choose their residential location, whereas those in public housing 
have little freedom to do so. Therefore, comparing these two groups can help us determine whether residential 
self-selection bias exists. The results show that both the presence and number of neighborhood PA facilities are 
positively associated with the frequency and duration of PA among residents of private housing. However, the 
evidence does not support an association between the availability of neighborhood PA facilities and PA behavior 
among residents of public housing. Residential self-selection bias may have a pronounced effect on the findings 
of studies of the association between neighborhood PA facilities and individuals’ PA behavior. Therefore, it is 
important to control for residential self-selection bias when examining built environment–PA associations.   

1. Introduction 

The World Health Organization has recommended that adults should 
take physical activity (PA) of moderate intensity (i.e., cycling) for at 
least 150 min a week, or of vigorous intensity (i.e., running) for 75 min a 
week [1]. PA has an array of health benefits, such as promoting mental 
health [2] and lowering the risk of physical diseases such as obesity [3], 
cardiovascular disease [4], diabetes [5] and even some cancers [6]. 
However, the global prevalence of insufficient PA was 27.5% in 2016 
[7], and a report in China showed that only 14.7% of adults took PA 
regularly in 2014 [8]. Therefore, encouraging PA has become a public 
health priority in China. For example, the State Council of China has 
declared the aims of increasing the proportion of people who regularly 
take PA to 37% and 40% by 2022 and 2030, respectively [9]. 

Awareness is mounting that the built environment influences 

people’s PA behavior [10–21]. Built environment factors such as 
greenspace, land use mix, street connectivity, PA facilities and transit 
facilities all have proven associations with PA behavior [10,11] Among 
the various built environment factors, the availability of PA facilities 
such as football fields and gyms is directly related to PA behavior for two 
reasons [13,21] First, the availability of PA facilities in neighborhoods 
increases their accessibility to people and encourages PA [13]. Second, 
according to the theory of “social norms,” individuals’ attitudes and 
behavior are influenced by those of their friends or neighbors [22]. 
Therefore, residents of neighborhoods with a higher availability of PA 
facilities are more likely to be in contact with physically active friends 
and neighbors and to understand the health benefits of PA, which will 
facilitate their own willingness to partake in PA [13,21]. 

However, previous cross-sectional studies of environment–behavior 
associations face an important threat to their internal validity and 
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causality due to residential self-selection bias [23–31]. Residential 
self-selection bias refers to the fact that personal attitudes and prefer
ences regarding PA may affect both people’s residential locations and 
their PA behavior [31]. As for the association between PA facilities and 
PA behaviors, residential self-selection bias refers to the situation that 
residents intentionally choose to live in areas with more or less PA fa
cilities due to personal preference [24,26–28]. For example, a person 
who values the health benefits of PA is more likely to choose a neigh
borhood with more PA facilities and to have higher PA levels. Under 
such a circumstance, the observed PA facilities–PA behavior association 
would be explained by personal preferences rather than a true causal 
effect of PA facilities on PA behaviors. 

Three approaches to mitigate residential self-selection bias have 
been proposed in the literature [31–40]. The first approach is to collect 
residents’ personal preferences through questionnaires [32]. This can, in 
principle, control for the confounding effect of personal preferences 
regarding PA. However, in practice, people tend to overstate their 
preference for PA, which makes it difficult to accurately assess this 
confounder [31]. For example, Lin et al. [32] collected travel attitudes 
and behaviors at the same time and examined how travel attitudes may 
affect built environment-travel behaviors associations. 

The second approach is to track the environmental changes for same 
people (e.g., the creation of new parks, or people relocate to different 
neighborhoods) and to estimate their effects on the changes in in
dividuals’ PA behavior using longitudinal data [31]. For instance, 
Boone-Heinonen et al. [31] used a longitudinal study in USA which was 
collected in 1994 and 2001 to examine how changes of neighborhood 
environment have influence on PA. Xie et al. [33] used two waves of 
longitudinal data collected in 2016 and 2019 respectively, to explore the 
creation of 102-km-long greenway on residents’ PA levels in Wuhan, 
China. Nevertheless, if people still choose residential locations based on 
their personal preferences when relocating, longitudinal data will not be 
able to reduce residential self-selection bias. 

Third, the natural experimental research design has been advocated 
to establish rigorous evidence on the association between neighborhood 
environments and human behavior by improving internal validity [34]. 
Natural experiment assigns participants to residential neighborhoods 
with different built environment exposure, which disentangles 
self-selection bias and allows researchers to study the effect of different 
exposure contexts on the changes of various outcomes. However, unlike 
randomized controlled trials (RCTs), the participant assignment and 
built environment interventions are naturally occurred rather than fully 
controlled by researchers in natural experiments. For example, Ludwig 
et al. [34] used data from Moving to Opportunity (MTO) to study the 
neighborhood effect on wellbeing. MTO project randomly assign par
ticipants living in high-poverty public housing projects into two groups, 
one group received housing vouchers that can be used in low-poverty 
areas, and the other group did not receive vouchers. Such research 
design allows researcher to infer the causal evidence that families who 
moved from high-poverty areas to low-poverty areas had lower rates of 
obesity and depression, higher level of happiness [34]. However, such 
method is expensive, labour intensive and may cause some potential 
ethical and political issues [34]. 

China’s public housing system provides a rare opportunity to 
conduct such a large-scale quasi-natural experiment to address resi
dential self-selection bias [32,41]. “Public housing” in China refers to 
housing built and owned by the government, which is usually rented to 
socioeconomically disadvantaged populations at an affordable rate [32, 
42,43]. Residents are often assigned to residential locations randomly, 
so they have little or no freedom to choose their location. Therefore, 
they can serve as a non-self-selecting group for investigating built 
environment–PA associations. Previous studies have used this method in 
the Chinese context to explore the association between neighborhood 
built environments and travel behavior [32,41]. For example, Zang et al. 
[41] found that some built environment characteristics are only asso
ciated with travel behavior for people in private housing, whereas such 

associations are not observed for people in public housing, indicating 
the existence of residential self-selection bias. In 2010, about 20% of the 
households accommodated in public housing projects in urban China 
who may not have freedom to select their residential locations, while the 
remaining 80% lived in private housing, who have the freedom to select 
their residential locations [32]. If the majority of the research samples 
live in private housing in China, then the study may be subjected to 
residential self-selection bias [32]. However, few studies have paid 
attention to such a context in China, and not addressing residential 
self-selection bias for a national representative survey data may prevent 
researchers from inferring causality between built environment and 
human behaviors in Chinese context. 

Besides the vulnerability to residential self-section bias, studies 
examining PA facilities–PA behavior associations are often based on a 
single city, which limits the generalizability of the findings to other 
cities. This study aims to address residential self-selection bias in PA 
facilities–PA behavior associations using a natural experimental study 
design. This study extends previous research in several respects. First, 
the study is among the first to investigate the residential self-selection 
issue in the association between availability of neighborhood PA facil
ities and PA behavior in a densely populated Chinese context. Second, it 
uses national longitudinal data from a large representative sample, 
which greatly enhances the generalizability of our findings. 

2. Methods 

2.1. Study data 

This study uses a dataset from three waves of the China Family Panel 
Studies (CFPS), specifically those conducted in 2014 (wave 2), 2016 
(wave 3) and 2018 (wave 4) [https://www.isss.pku.edu.cn/cfps/index. 
htm]. The CFPS was conducted by the Institute of Social Science Survey 
(ISSS) of Peking University, China. Ethical approval for the study was 
granted by the Ethics Review Committee of Peking University, and all 
participants provided signed informed consent at the time of partici
pation. The CFPS was a nationally representative survey that focused on 
the family welfare of Chinese residents, with questions relating to family 
relationships, health outcomes and demographic characteristics. Re
spondents were selected using a probability-proportional-to-size sam
pling technique with implicit stratification, multiple stages, multiple 
levels and population proportionality. The cross-sectional response rate 
of the survey in 2014 was 72.8%, and the tracking rate was 83.8%. We 
excluded data from 2010 (wave 0) and 2012 (wave 1) because our key 
variable (PA behavior) has only been included in the CFPS since 2014. 
After leaving out any observations with missing information for any 
individual- or neighborhood-level variables, the sample comprised 
69,988 person-year records (33,837 individuals). 

2.2. Outcomes 

We used two measures of PA behavior in this study: the frequency of 
PA and duration of PA. Respondents were asked: “How many times have 
you taken PA in the past week?” and “For how many hours have you 
taken PA in the past week?” 

2.3. Availability of neighborhood PA facilities 

The availability of neighborhood PA facilities was measured via the 
number of PA facilities within a neighborhood as provided by the 
neighborhood section of the CFPS questionnaire. The two PA facilities- 
related questions were “Are there any PA facilities in the neighbor
hood?” and “How many PA facilities are there in the neighborhood?” 
Due to the CFPS’s privacy policy, we could not access the respondents’ 
home or neighborhood addresses to objectively assess the availability of 
PA facilities. First, we treated the number of PA facilities within a 
neighborhood as a binary variable to measure the presence of PA 
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facilities (1: number of PA facilities within the neighborhood >0; 0: 
number of PA facilities within the neighborhood = 0). Then, we treated 
the number of PA facilities within the neighborhood as a continuous 
variable to measure the availability of neighborhood PA facilities in 
terms of the number of facilities. 

2.4. Using housing type to disentangle the impact of residential self- 
selection bias 

People in different housing types (private housing vs. public hous
ing) have different degrees of freedom to choose where to live [32,41]. 
In this study, people in private housing were assumed to have greater 
freedom of residence choice and were therefore classified into the resi
dential self-selection group to account for the issue of residential 
self-selection. However, those in government-assigned public housing 
have limited freedom of residence choice and were therefore classified 
into the non-self-selection group due to the presumed lack of residential 
self-selection. This natural experimental method allowed us to distin
guish self-selecting and non-self-selecting groups based on housing type. 

Housing type was assessed by a single question: “Who has the 
property rights of the house/flat where you live now?” The response 
options for this question were as follows: (1) Family members have full 
property rights; (2) Family members have partial property rights; (3) 
Commercial housing is rented on the market; (4) A relative or friend has 
full property rights; (5) Others (i.e. unknown); (6) Public housing, also 
known as gongfang or danwei, wherein state-owned enterprises or public 
institutions, respectively, have full property rights; (7) Low-rent hous
ing, also known as lianjiazulinfang, a kind of social security housing 
provided by the local government to provide a minimum living standard 
to urban families with housing difficulties, distributed in the form of rent 
subsidies, rent relief and housing apportionment; and (8) Publicly rented 
housing, also known as gonggongzulinfang, which refers to housing 
owned by a governmental or public agency that is rented to people with 
housing difficulties at below-market or affordable prices. Following 
previous studies [32,41], the first five housing types were treated as 
private housing (self-selection group), while the last three were treated 
as public housing (non-self-selection group). 

2.5. Covariates 

We adjusted for a series of confounding covariates, including gender, 
age, marital status, educational attainment, employment status, hukou 
status (registered permanent residence vs. registered temporary resi
dence), medical insurance participation and annual household income. 
We also included neighborhood population density (persons/km2) as a 
proxy for the level of urbanicity, following previous studies [44]. The 
summary statistics for all variables are shown in Table 1. 

2.6. Statistical analysis 

To assess the link between the availability of neighborhood PA fa
cilities and individuals’ PA behavior, we fitted multilevel linear re
gressions [45]. A multilevel approach was necessary due to the 
hierarchical structure of the data, as measurements at each wave were 
nested within individuals, and individuals were nested within neigh
borhoods. The full estimation model, including all predictors, was as 
follows: 

PAtij = β0 + β1PAFacilitiesj + β2Covariatestij + β3Covariatesij + εtij + μij

+ ϕj 

where t represents time, i represents individuals and j represents 
neighborhoods. β0 is the random intercepts. PAFacilities j represents a 
vector of neighborhood-level variables. Covariates tij represents a vector 
of time-varying covariates such as age. Covariates ij represents a vector 
of time-invariant covariates such as gender. μij, and ϕjrepresent the 

random errors within individuals, between individuals and between 
neighborhoods, respectively. 

The calculated variance inflation factors (all <3) suggested no severe 
multicollinearity among the dependent variables. The intra-class cor
relation coefficient (ICC) for the null model predicting frequency of PA is 
0.08 at neighborhood level and 0.21 at individual level respectively; the 
ICC for the null model predicting duration of PA is 0.04 at neighborhood 
level and 0.09 at individual level respectively. This means that living 
within the same neighborhood accounted for 8% of total variation in 
respondents’ frequency of physical activity, and for 4% of total variation 
in duration of PA. Such results confirmed the necessity of multilevel 
models. 

First, we regressed the frequency and duration of PA separately on 
the presence of PA facilities (present vs. not) for all respondents (Models 
1 and 2). Second, we regressed the frequency and duration of PA on the 
number of PA facilities separately for all respondents (Models 7 and 8). 
Third, we regressed the frequency and duration of PA on the presence of 
PA facilities for respondents living in private housing (Models 3 and 4). 
Fourth, we regressed the frequency and duration of PA on the number of 
PA facilities for respondents living in private housing (Models 9 and 10). 

Table 1 
Characteristics of study participants in the baseline.  

Variables Proportion/Mean (SD) 

Total Private 
housing 

Public 
housing 

p- 
value 

Dependent variables     
Weekly frequency of 

PA (times) 
1.88 (2.95) 1.87 (2.94) 2.17 (3.05) 0.01a 

Weekly duration of PA 
(hours) 

2.86 (6.89) 2.84 (6.88) 3.61 (7.25) 0.01a 

Independent variables     
Number of PA 

facilities within the 
neighborhood 
(numbers) 

1.00 (1.53) 1.00 (1.51) 1.26 (2.06) <0.01a 

Controlled variables     
Gender (%)     
Male 48.89 48.91 48.07 0.68b 

Female 51.11 51.09 51.93 
Age (years) 46.83 

(16.66) 
46.86 
(16.65) 

45.58 
(17.12) 

0.06a 

Marital status (%)     
Single, divorced or 

widowed 
14.22 14.11 18.65 <0.01b 

Married 85.78 85.89 81.35 
Educational 

attainment (%)     
Primary school or 

below 
50.91 51.39 32.8 <0.01b 

High school 42.13 41.73 57.39 
College or above 6.96 6.88 9.81 
Employment status 

(%)     
Employed 65.68 65.93 56.11 <0.01b 

Unemployed 34.32 34.07 43.89 
Hukou status (%)     
Local hukou 96.07 96.54 77.97 <0.01b 

Non-local hukou 3.93 3.46 22.03 
Medical insurance (%)     
Having medical 

insurance 
91.23 91.41 84.24 <0.01b 

No medical insurance 8.77 8.59 15.76 
Annual household 

income (Chinese 
yuan) 

11937.48 
(13753.24) 

11808.46 
(13685.19) 

16973.69 
(15375.33) 

<0.01a 

Housing type (%)     
Private housing 97.50    
Public housing 2.50    
Neighborhood 

population density 
(persons/km2) 

4553.79 
(14762.59) 

4501.45 
(14686.91) 

6596.66 
(17353.14) 

<0.01a 

SD = standard deviation; a = student’s t-tests; b = chi-square tests. 
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Fifth, we regressed the frequency and duration of PA on the presence of 
PA facilities for respondents living in public housing (Models 5 and 6). 
Last, we regressed the frequency and duration of PA on the number of PA 
facilities for respondents living in public housing (Models 11 and 12). 

The results of the two groups (private housing vs. public housing) 
were compared to generate insights into the effect of self-selection. If 
residential self-selection bias exists, we would expect heterogeneity 
between the PA facilities–PA behavior associations of the two groups. 
However, if residential self-selection bias does not exist, we would 
expect similar results for the two groups. 

3. Results 

Table 1 summarizes the characteristics of the baseline population. 
The respondents’ average weekly frequency of PA was 1.88 times, while 
their average weekly duration of PA was 2.86 h. The average number of 
PA facilities within the neighborhood was 1.00. In terms of socioeco
nomic and demographic characteristics, only 2.50% of the total re
spondents lived in public housing. The mean age of all respondents was 
46.83 years, and 48.89% were male. Of the respondents, 85.78% were 
married, 42.13% had a high school degree and 6.96% had at least a 
college degree. Nearly all respondents had a local hukou (96.07%). 
Furthermore, 65.68% were employed, and a large proportion had 
medical insurance (91.23%). The average household income was 
11,937.48 Chinese yuan, while the average neighborhood population 
density was 4553.79 persons/km2. 

Table 2 presents the results of a multilevel linear regression analysis 
to predict the frequency and duration of PA (where the independent 
variable is the presence of PA facilities). Model 1 and Model 2 show the 
associations between the presence of PA facilities and the frequency and 
duration, respectively, of PA for all samples. Compared with 

respondents living in neighborhoods without PA facilities, those who 
lived in neighborhoods with PA facilities had a higher frequency of PA 
(Coef. = 0.147, standard error [SE] = 0.067). However, the evidence 
does not support an association between the presence of PA facilities and 
the duration of PA (Coef. = 0.046, SE = 0.026). 

Model 3 and Model 4 show the associations between the presence of 
PA facilities and the frequency and duration, respectively, of PA for 
respondents living in private housing. Compared with the respondents 
living in neighborhoods without PA facilities, those who lived in 
neighborhoods with PA facilities had a higher frequency of PA (Coef. =
0.147, SE = 0.067) and longer duration of PA (Coef. = 0.045, SE =
0.022). Model 5 and Model 6 show the associations between the pres
ence of PA facilities and the frequency and duration, respectively, of PA 
for respondents living in public housing. However, the evidence does not 
support an association between the presence of PA facilities and the 
frequency of PA (Coef. = 0.060, SE = 0.201) or duration of PA (Coef. =
0.041, SE = 0.066). 

Table 3 presents the results of a multilevel linear regression analysis 
to predict the frequency and duration of PA from the number of PA fa
cilities. Model 7 and Model 8 show the associations between the avail
ability of PA facilities and the frequency and duration, respectively, of 
PA for all samples. The number of PA facilities within the neighborhood 
is positively associated with the respondents’ frequency of PA (Coef. =
0.047, SE = 0.021) but not with their duration of PA (Coef. = 0.015, SE 
= 0.008). Model 9 and Model 10 show the associations between the 
availability of PA facilities and the frequency and duration, respectively, 
of PA for respondents living in private housing. The number of PA fa
cilities within the neighborhood is positively associated with both the 
respondents’ frequency of PA (Coef. = 0.051, SE = 0.021) and duration 
of PA (Coef. = 0.016, SE = 0.008). Model 11 and Model 12 show the 
associations between the availability of PA facilities and the frequency 

Table 2 
Multilevel linear regression analysis to predict the frequency and duration of PA (independent variable: presence of PA facilities).   

All samples Private housing Public housing 

Model 1 (DV =
Frequency of PA) 

Model 2 (DV =
Duration of PA) 

Model 3 (DV =
Frequency of PA) 

Model 4 (DV =
Duration of PA) 

Model 5 (DV =
Frequency of PA) 

Model 6 (DV =
Duration of PA) 

Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) 

Fixed part       
Independent variables       
With PA facilities (ref: 

without PA facilities) 
0.147** (0.067) 0.046* (0.026) 0.147** (0.067) 0.045** (0.022) 0.060 (0.201) 0.041 (0.066) 

Controlled variables       
Male (ref: female) 0.314*** (0.026) 0.115*** (0.009) 0.304*** (0.026) 0.111*** (0.009) 0.693*** (0.162) 0.281*** (0.054) 
Age 0.024*** (0.001) 0.006*** (0.000) 0.023*** (0.001) 0.005*** (0.000) 0.039*** (0.006) 0.011*** (0.002) 
Married (ref: single, divorced 

or widowed) 
− 0.378*** (0.033) − 0.142*** (0.011) − 0.375*** (0.034) − 0.142*** (0.011) − 0.531*** (0.195) − 0.124* (0.065) 

Education (ref: primary 
school or below)       

High school 0.380*** (0.029) 0.140*** (0.010) 0.382*** (0.030) 0.142*** (0.010) 0.447** (0.195) 0.132** (0.065) 
College or above 0.453*** (0.053) 0.199*** (0.018) 0.447*** (0.054) 0.196*** (0.018) 0.676** (0.283) 0.353*** (0.095) 
Employed (ref: unemployed) − 0.713*** (0.027) − 0.197*** (0.009) − 0.705*** (0.027) − 0.193*** (0.009) − 1.016*** (0.173) − 0.343*** (0.058) 
Local hukou (ref: non-local 

hukou) 
0.155* (0.084) 0.054* (0.029) 0.091 (0.089) 0.024 (0.030) 0.629** (0.265) 0.284*** (0.088) 

Medical insurance (ref: no 
medical insurance) 

− 0.210*** (0.039) − 0.055*** (0.013) − 0.217*** (0.040) − 0.057*** (0.014) 0.068 (0.221) 0.015 (0.074) 

Household income (ref: no 
medical insurance) 

0.164*** (0.01) 0.053*** (0.003) 0.162*** (0.010) 0.052*** (0.003) 0.206*** (0.062) 0.061*** (0.021) 

Public housing (ref: private 
housing) 

0.038 (0.082) − 0.004 (0.028)     

Neighborhood population 
density 

− 0.001 (0.004) − 0.002 (0.002) − 0.002 (0.005) − 0.002 (0.002) 0.033 (0.030) 0.007 (0.010) 

Constant 0.095 (0.138) 0.178*** (0.048) 0.198 (0.142) 0.216*** (0.049) − 1.685** (0.714) − 0.447* (0.238) 
Random part       
Var (Neighborhoods) 0.501*** 0.501*** 0.510*** 0.075*** 0.626*** 0.061*** 
Var (Between individuals) 1.793*** 1.793*** 1.784*** 0.199*** 2.248*** 0.254*** 
Var (Within individuals) 6.944*** 6.943*** 6.941*** 0.805*** 6.269*** 0.701*** 
Log likelihood − 174680.4 − 174680.33 − 170649.87 − 96857.341 − 4024.487 − 2263.277 
AIC 349392.8 349392.7 341329.7 193744.7 8078.975 4556.556 

DV = dependent variable; Coeff. = coefficient; SE = standard error; AIC = Akaike information criterion. *p < 0.10, **p < 0.05, ***p < 0.01. 
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and duration, respectively, of PA for respondents living in public 
housing. The number of PA facilities is not associated with either the 
frequency of PA (Coef. = − 0.019, SE = 0.055) or the duration of PA 
(Coef. = 0.001, SE = 0.018). As for sensitivity analysis, we kept neigh
borhoods with both public housing and private housing and reran the 
models. This can help us compare findings of the public housing and 
private housing from the same neighborhoods (Appendix: Tables S1 and 
S2). The results indicate that despite some differences in magnitude, the 
PA facilities-PA associations remained unchanged. 

4. Discussion 

This study extends previous research on the association between the 
availability of neighborhood PA facilities and PA behavior in three re
spects. First, the study is among the first to investigate the residential 
self-selection issue in a densely populated Chinese context. Second, it 
uses a natural experimental design with national-level longitudinal data 
to provide rigorous evidence on the association between the provision of 
neighborhood PA facilities and PA behavior. Third, it focuses on both 
the frequency and duration of PA to extend our understanding of the 
relationship between PA facilities and PA behavior. 

Our results suggest that the availability of neighborhood PA facilities 
is associated with the frequency and duration of PA for people in private 
housing, whereas such associations are not observed for people in public 
housing. This implies that results measured elsewhere for residents of 
private housing may be influenced by residential self-selection bias. 
There are several potential causes of such bias. First, attitudes toward PA 
and health among private housing residents may affect their selection of 
residential location [31]. For example, people who enjoy taking PA may 
choose to live in a neighborhood with more PA facilities to meet their 
needs. In contrast, public housing residents who prefer to partake in PA 

for health reasons cannot act on this preference by choosing their place 
of residence, and may instead be assigned to a neighborhood with few 
PA facilities. Second, people’s health-related knowledge may also affect 
both their residential locations and PA behavior [46]. Private housing 
residents may be better informed about the health benefits of PA and 
may choose to partake in it whether or not they find it enjoyable. 
Therefore, they are more likely to choose a neighborhood with a higher 
availability of PA facilities. Third, the social benefits of PA for private 
housing residents may also influence the disparity between residents of 
private and public housing in the observed built environment–PA 
behavior associations [47]. In China, people often regard group PA as an 
effective way to bond with neighbors and build social contacts [48,49]. 
Therefore, private housing residents may take frequent PA for the pur
pose of socializing and hence choose neighborhoods with a higher 
availability of PA facilities. In contrast, public housing residents have 
little freedom to choose their residential location even if group PA would 
be a way for them to build social contacts. Therefore, the built envi
ronment–PA behavior associations are more pronounced among private 
housing residents than among public housing residents. 

It is important to acknowledge that this study does not provide 
conclusive proof of the existence of residential self-selection bias. First, 
residents of public housing usually have labor-intensive jobs in fields 
such as construction, restaurant service or sales [50], which require 
them to engage in a large amount of PA during the workday. Therefore, 
they may prefer not to take extra PA within their neighborhood after 
work, regardless of the availability of facilities. Second, residents of 
public housing have less time for recreation due to their typically long 
working hours and commuting times [51,52]. Under such circum
stances, even those living in neighborhoods with a higher availability of 
PA facilities would have little free time during which to take PA. Third, 
this segment of the population also tends to have lower levels of 

Table 3 
Multilevel linear regression analysis to predict the frequency and duration of PA (independent variable: number of PA facilities).   

All samples Private housing Public housing 

Model 7 (DV =
Frequency of PA) 

Model 8 (DV =
Duration of PA) 

Model 9 (DV =
Frequency of PA) 

Model 10 (DV =
Duration of PA) 

Model 11 (DV =
Frequency of PA) 

Model 12 (DV =
Duration of PA) 

Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) 

Fixed part       
Independent variables       
Number of PA facilities within 

the neighborhood 
0.047** (0.021) 0.015* (0.008) 0.051** (0.021) 0.016** (0.008) − 0.019 (0.055) 0.001 (0.018) 

Controlled variables       
Male (ref: female) 0.313*** (0.026) 0.115*** (0.009) 0.304*** (0.026) 0.111*** (0.009) 0.694*** (0.162) 0.281*** (0.054) 
Age 0.024*** (0.001) 0.006*** (0.000) 0.023*** (0.001) 0.005*** (0.000) 0.039*** (0.006) 0.011*** (0.002) 
Married (ref: single, divorced 

or widowed) 
− 0.378*** (0.033) − 0.142*** (0.011) − 0.375*** (0.034) − 0.142*** (0.011) − 0.533*** (0.195) − 0.125* (0.065) 

Education (ref: primary school 
or below)       

High school 0.380*** (0.029) 0.140*** (0.010) 0.381*** (0.030) 0.142*** (0.010) 0.453** (0.195) 0.133** (0.065) 
College and above 0.451*** (0.053) 0.199*** (0.018) 0.445*** (0.054) 0.195*** (0.018) 0.682*** (0.283) 0.353*** (0.095) 
Employed (ref: unemployed) − 0.712*** (0.027) − 0.197*** (0.009) − 0.704*** (0.027) − 0.193*** (0.009) − 1.021*** (0.174) − 0.343*** (0.058) 
Local hukou (ref: non-local 

hukou) 
0.156* (0.084) 0.054* (0.029) 0.092 (0.089) 0.025 (0.030) 0.617** (0.265) 0.281*** (0.088) 

Medical insurance (ref: no 
medical insurance) 

− 0.210*** (0.039) − 0.055*** (0.013) − 0.216*** (0.040) − 0.057*** (0.014) 0.069 (0.221) 0.015 (0.074) 

Household income (ref: no 
medical insurance) 

0.164*** (0.010) 0.053*** (0.003) 0.162*** (0.010) 0.052*** (0.003) 0.205*** (0.062) 0.060*** (0.021) 

Public housing (ref: private 
housing) 

0.037 (0.082) − 0.005 (0.028)     

Neighborhood population 
density 

− 0.001 (0.004) − 0.002 (0.002) − 0.002 (0.005) − 0.002 (0.002) 0.033 (0.030) 0.007 (0.010) 

Constant 0.123 (0.135) 0.186*** (0.046) 0.222 (0.139) 0.223*** (0.048) − 1.621** (0.705) − 0.419* (0.235) 
Random part       
Var (Neighborhoods) 0.074*** 0.074*** 0.509*** 0.075*** 0.633*** 0.063*** 
Var (Between individuals) 0.200*** 0.200*** 1.785*** 0.199*** 2.244*** 0.254*** 
Var (Within individuals) 0.804*** 0.804*** 6.941*** 0.805*** 6.269*** 0.701*** 
Log likelihood − 99129.613 − 99129.401 − 170649.42 − 96856.934 − 4024.471 − 2263.471 
AIC 198291.2 198290.8 341328.8 193743.9 8078.944 4556.942 

DV = dependent variable; Coeff. = coefficient; SE = standard error; AIC = Akaike information criterion. *p < 0.10, **p < 0.05, ***p < 0.01. 
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health-related knowledge and may not realize the health benefits of PA 
[53], making them more likely to engage in sedentary behavior (e.g. 
using smartphones or watching television) in their spare time, regardless 
of the existence of neighborhood PA facilities. Last, the size of the 
sample of residents of public housing was smaller than that of residents 
of private housing, which may have influenced the meaningfulness of 
the significance tests for the public housing samples [54]. Last, although 
most PA facilities are regarded as public infrastructures and provided by 
the government, there maintenance may still rely on local community 
[55]. Therefore, the quality of PA facilities for public housing residents 
may vary significantly across different neighborhoods. Furthermore, 
private housing in China is usually in the form of gated communities, 
while public housing is not [56]. Previous studies indicated that the 
effect of PA facilities in gated communities is more significant than 
non-gated communities, since the facilities in non-gated communities 
may be shared by a wider population, which may lead to be worn or 
crowded and hence discourage their usage [57]. 

The following limitations of this study should be noted. First, this 
research is subject to the modifiable areal unit problem (MAUP); that is, 
the definition of the boundaries of neighborhoods may have a con
founding influence on environment–health associations [58]. The data 
were collected at the administrative neighborhood unit level, and the 
results might not hold true if we used fine-grained data on personal 
residential locations and local built environment characteristics. Sec
ond, the dependent variable was self-reported by the respondents, which 
may have caused self-report bias. Further research is needed to collect 
objective and accurate PA data. Third, detailed data on PA, such as in
tensity and type, were not included which prevents us from further 
identifying more precise environment-PA associations [59,60,61]. 
Fourth, a person’s PA behavior may be affected not only by the PA fa
cilities in their residential neighborhood but also by those near their 
workplace [13,21]. This may lead to an uncertain geographic context 
problem [62] and neighborhood effect averaging problem [63,64] 
regarding the effects of PA facilities on PA behavior. Fifth, our depen
dent variable only included the number of PA facilities within the 
neighborhood. Other aspects of PA facilities, such as quality, accessi
bility, type and size, are also important. Sixth, information regarding the 
respondents’ usage of PA facilities was not included, which made it 
difficult for us to infer causation. Last, the respondents’ attitudes toward 
and preference regarding PA behavior were not included, which pre
vents us from further investigating the mechanism by which residential 
self-selection influences PA behaviors. 

4.1. Policy implications 

The findings of this study have several policy implications. First, our 
results suggest that the association between the availability of neigh
borhood PA facilities and PA behavior may be influenced by residential 
self-selection. Therefore, some potential factors, such as the residents’ 
attitudes toward and preferences regarding PA facilities and behavior, 
should be taken into account when planning for the provision of 
neighborhood PA facilities. Furthermore, the insignificant association 
between the availability of neighborhood PA facilities and PA behavior 
among residents of public housing may be due to the disadvantages 
facing this population group in terms of long working hours, labor- 
intensive jobs and limited health-related knowledge. Therefore, tar
geted policy interventions in such group should not be limited to 
increasing the provision of PA facilities. Other strategies, such as pro
moting awareness of the health benefits of PA and adjusting the opening 
hours of PA facilities to fit the residents’ preferences and available lei
sure time, should also be pursued. 

5. Conclusion 

This study investigated the existence of residential self-selection bias 
in the association between the availability of neighborhood PA facilities 

and PA behavior by comparing residents of private and public housing. 
Residents of private housing have greater freedom of residential choice, 
whereas those in public housing are allocated to their residential loca
tions randomly. Therefore, comparing these two groups can help us 
identify whether residential self-selection bias exists. The results showed 
that the availability of neighborhood PA facilities was positively asso
ciated with the frequency and duration of PA for residents of private 
housing. However, no association was observed for residents of public 
housing. This indicates that residential self-selection may cause bias 
when investigating the association between neighborhood PA facilities 
and individuals’ PA behavior. Therefore, it is important to control for 
residential self-selection when examining the impact of PA facilities. 
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