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The Built Environment and Physical Activity in Suburban Guangzhou 24 

Residences: A People-Environment Transaction Perspective 25 

Abstract 26 

The connection between the built environment and the physical activity of people is 27 

being increasingly emphasized in China in view of its unique suburbanization and 28 

dramatic changes in lifestyle. This paper aims to provide more evidences on equivocal 29 

findings on specific built environment and physical activity by examining the roles of 30 

the built environment on people’s physical activity within suburban residences in 31 

Guangzhou (China). Using multinomial logistic and ordinal regression analyses, 32 

factors indicating the unique features of the urban-type suburban residences were 33 

identified to be associated with physical activity: residential density, street 34 

connectivity, pedestrian infrastructure, design features, safety, destination accessibility, 35 

and pedestrian infrastructure. It ascertains the confounding effects of individual 36 

socio-demographic characteristics in interpretive, evaluative and responsive 37 

transactions between the built environment and physical activity, highlighting the 38 

determinative of perceived environmental opportunities and barriers for physical 39 

activity. With the absence of operative transaction, key stakeholders of commodity 40 

housing development should be motivated and residents need to be educated and 41 

empowered to help realize a better physically active living environment.  42 

 43 

Introduction 44 

Physical activity has been acknowledged to be associated with many health benefits, 45 

contributing to the prevention of non-communicable chronic diseases and calling for 46 

the promotion of active living (World Health Organization 2005). Recent decades 47 

have seen a proliferation of studies of the associations between the built 48 
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environment and physical activity, particularly in the United States, Europe, and 49 

Australia (Ding and Gebel 2012). However, the associations identified in developed 50 

countries may not clearly generalize to other societies, particularly in such 51 

developing contexts as China (Hanibuchi et al. 2011; Day 2016).  52 

Experiencing rapid urbanization, the involvement of Chinese population in physical 53 

activity has dropped greatly, with the average weekly physical activity level of 54 

Chinese adults declining by 32% from 1991 to 2006 (Ng et al. 2009). Increasing 55 

attention has been paid to the links between physical activity and urban 56 

environments, however, extant studies of the built environment and physical activity 57 

have showed that urban China has attributes distinct from those in Western contexts 58 

(Day 2016). Urban residences are associated with lower rates of physical activity in 59 

China while linked with higher rates of physical activity in more developed 60 

countries; urban residences are mostly compared with rural residences in China 61 

while they are contrasted with suburban residences in more developed countries 62 

(Day 2016). Few studies have been made of China’s suburban residences, which 63 

makes most findings incomparable with other societies.    64 

Studying the neighborhood environments and physical activity in suburban China 65 

involves difficulties in generalization the attributes of suburban residences. Chinese 66 

suburbanization arose from economic, land, and housing reforms, when cities 67 

exceeded their traditional boundaries, accompanied by a proliferation of commodity 68 

neighborhoods in the rapidly growing metropolitan periphery (Zhou and Logan 2008; 69 

Li et al. 2012). Housing development served as a growth anchor in the process of 70 

suburbanization, reshaping the formal rural landscape with a distinct pattern of 71 

commodity residential enclaves (Li 2005). Considering their urban land use and 72 

physical features, the commodity housing estates could be referred to as urban-type 73 
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neighborhoods notwithstanding their peripheral location. The suburban landscape 74 

thus is collage of urban-type neighborhoods and rural neighborhoods. Over the past 75 

three decades, the physical features of urban-type neighborhoods have experienced 76 

dynamic changes with speedy urban expansion, while the characteristics of rural 77 

neighborhoods have been relative static. Socioeconomically, suburbanization 78 

reorganized the population structure with increasing migrations, emerging a mosaic 79 

of different social spaces coexisting in geographic proximity (Ren 2010). The 80 

suburban residents range from young educated couples to elderly work unit 81 

employees, and from indigenous residents to rural migrants and the nouveau riche 82 

(Shen and Wu 2013). Thus, it is very hard to generalize the physical and social 83 

features of Chinese suburbs due to their mixture of urban and rural landscapes, 84 

dynamic changes of the mosaic landscape, and interwoven social spaces.  85 

Nonetheless, the urban-type suburban residences share some common features with 86 

Western suburban residences. Physically, compared to inner urban neighborhoods, 87 

suburban residences in both China and Western countries are featured by long 88 

commutes, single land use, wider use of automobiles, and more greenness and 89 

spaciousness. Socioeconomically, urban-type suburban residences have attracted 90 

inner city households to choose their desired residence, leading to the influx of a 91 

high consumer-oriented middle-class that is similar to the social dynamic of Western 92 

suburbanization (Wu 2010). It is thus necessary to explore the effects of Chinese 93 

urban-type suburban residences on physical activity, supplementing comparable 94 

findings with other societies. Through investigating typical urban-type 95 

neighborhoods in the suburbs of Guangzhou, this study aims to interpret the 96 

associations between the built environment and physical activity from an ecological 97 

perspective of people-environment transactions. Two research questions are raised 98 
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accordingly: 1) What are the built environment factors comprising the dynamic 99 

urban-type suburban residence during the past thirty-years’ suburbanization? 2) 100 

How do the specific built environment factors influence residents’ physical activity? 101 

This study finally puts forwards suggestions on China’s suburban housing 102 

development to attain active living environments.  103 

The built environment and physical activity: progress and challenges 104 

Of the many publications relating to the effects of built environment on individual 105 

physical activity, two academic fields have contributed to this body of work most 106 

notably. These comprise transportation planning studies that highlight the 107 

connection between the built environment and travel-related physical activity 108 

(TRPA) (Frank et al. 2003; Saelens and Handy 2008) and public health’s interest in 109 

travel behavior, particularly walking, as a moderate form of physical activity  - 110 

emphasizing the links between the built environment and leisure-time physical 111 

activity (LTPA) for both recreation and in total (Frank et al. 2003; Saelens and 112 

Handy 2008). The connections between the built environment and the two-type 113 

physical activity have become better understood with increasing cooperation 114 

between these two fields (Saelens and Handy 2008).  115 

Generally, built environments act as both motivators for, and barriers, to physical 116 

activity (Poortinga 2006; Wang et al. 2016). Convenient transport and public transit, 117 

accessible activity destinations, good pedestrian infrastructure and network 118 

connectivity, appropriate recreational facilities, esthetic and pleasant sceneries, and 119 

street and neighborhood safety can increase the likelihood of physical activity 120 

(Duncan and Mummery 2005; Saelens et al. 2003; Ball et al. 2001; Poortinga 2006; 121 

Wang et al. 2016). Sprawling characteristics, ill-maintained roads and facilities, 122 
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unpleasant vistas, a dirty environment, and garbage are all barriers to physical 123 

activity (Wang et al. 2016). In addition to the overall picture, stronger results have 124 

been reported in studies where specific physical activity constructs are assessed, 125 

such as walking/cycling rather than total physical activity, and that the built 126 

environment and physical activity relationships may differ depending on the 127 

physical activity constructs of interest (TRPA vs. LTPA) (Smith et al. 2017; 128 

Mccormack and Shiell 2011).  129 

Focusing on the connections between the built environment and walking/cycling, the 130 

most recent evidence supports a positive relationship between travel-related walking 131 

and density, land use mix, and proximity of non-residential destinations (Frank et al. 132 

2003; Ball et al. 2001). However, the findings for pedestrian infrastructure, network 133 

connectivity, green and open space, and personal safety are more equivocal; while 134 

results in terms of recreational walking are less consistent (Saelens and Handy 2008; 135 

Wang et al. 2016). To date, most evidence from developed countries suggests that 136 

specific built environment attributes may influence physical activity (Addy et al. 137 

2004; Berke et al. 2007; White et al. 2018; Hooper et al. 2018). In particular, 138 

stronger associations are consistently found between the built environment and 139 

TRPA rather than LTPA (Smith et al. 2017). However, there remain equivocal and 140 

mixed findings between specific built environment attributes and specific physical 141 

activity constructs.  142 

Although fewer studies have been carried out in developing countries, there have 143 

been increasing attempts in recent years. Salvo et al. (2015) explore the connections 144 

between perceived environment and the intensity-specific LTPA of Brazilian adults, 145 

with the association between the built environment and walking and cycling 146 

assessed in the city of Curitiba, Brazil (Hino et al. 2013); the relationships between 147 
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the built environment and physical activity in Cuernavaca, Mexico, have been 148 

assessed to unfold the moderation of perceived park and safety (Salvo et al. 2014); 149 

the study conducted in Tehran, Iran, shows that neighbourhood walkability is 150 

positively associated with walking frequency of the elderly regardless of their 151 

socioeconomic status (Lotfi and Koohsari 2011). In China, increasing related studies 152 

are conducted in big cities, such as the investigation of the associations of perceived 153 

neighborhood environments with LTPA in Hangzhou (Su et al. 2014b); the 154 

identification of the relationships between the built environment, physical activity, 155 

and adiposity in adults in Shanghai (Zhou et al. 2013); the exploration on the effects 156 

of greenway network on physical activity in Shenzhen (Liu et al. 2016). However, 157 

there is nothing definitive of the associations between specific built environment 158 

attributes and physical activity in the Chinese population as yet (Day 2016). There is 159 

supportive evidence of the association between physical activity and “proximal 160 

non-residential locations (land use mix), pedestrian infrastructure, aesthetics, 161 

non-park physical activity facilities, parks or open space and bicycling facilities”, 162 

while findings are mixed of the relationship between physical activity and “distance 163 

to specific non-residential land uses, network characteristics, crime safety, traffic 164 

safety, and density” (Day 2016 pp.305). More studies are therefore needed in 165 

specific local contexts to supplement extant research in the equivocal findings. 166 

Particularly, the construction of conceptual models, selection of variables, and 167 

interpretation of findings should be framed in specific contexts to make the 168 

conclusions more reasonable and comparable to other societies (Day 2016).  169 

Methodologically, several key issues block future research progress. Few studies 170 

carry out a thorough conceptual discussion, and the pathways of the built 171 

environment affecting physical activity should be explained by more comprehensive 172 
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conceptual frameworks examining moderators and mediators, such as 173 

sociodemographic characteristics, social environmental attributes, and psychosocial 174 

variables (Ding and Gebel 2012). Another crucial issue on which researchers have 175 

made the least progress is causality (Saelens and Handy 2008). Confounders, in 176 

particular self-selection bias, are major concerns in identifying the true causal 177 

relationship involved (Saelens and Handy 2008; Ding and Gebel 2012). 178 

Cross-sectional research design is most criticized for self-selection, which does little 179 

to address mechanisms to rule out competing explanations of the built environment 180 

and physical activity relationships (Mccormack and Shiell 2011). Nine 181 

methodological categories have been mostly used to overcome this issue: “direct 182 

questioning, statistical control, instrumental variables, sample selection, propensity 183 

score, joint discrete choice models, structural equation models, mutually dependent 184 

discrete choice models and longitudinal designs” (Cao et al. 2009 pp.359). 185 

Additionally, consideration of conceptual mismatch is usually neglected in 186 

association and cross-cultural comparisons of research findings (Ding and Gebel 187 

2012). Context-specific and domain-specific frameworks need to be developed to 188 

facilitated cross-study comparisons (Ding and Gebel 2012). Such methodological 189 

obstacles should be considered to gain a better understanding of the causation of the 190 

built environment and physical activity relationships.  191 

To confront these issues and build a solid theoretical foundation, this study refers to 192 

ecological models since physical activity occurs in specific places (Sallis et al. 2006; 193 

Ding et al. 2012), which emphasizes people’s interactions with their physical and 194 

sociocultural environments and posits environmental characteristics as a significant 195 

predictor of health behavior (Stokols 1992; Sallis and Owen2015; Thornton et al. 196 

2017). Reciprocal determinism between people and environmental interaction is 197 
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essential: on one hand, the environment controls or sets limits on people’s behavior; 198 

on the other hand, modifying environmental factors leads to changes in behavior 199 

(Green et al. 1996). Four models are proposed based on the forms (cognitive and 200 

behavioral) and phases (active and reactive) of people-environment transactions: 201 

1) interpretive (active-cognitive): individual’s cognitive representation or construction 202 

of the environment; 2) evaluative (reactive-cognitive): individual’s evaluation of the 203 

situation against predefined standards of quality; 3) operative (active-behavioral): 204 

individual’s movement through or direct impact on the environment; 4) responsive 205 

(reactive-behavioral): the environment’s effects on the individual’s behavior and 206 

wellbeing (Stokols and Altman 1987 pp. 317) 207 

This perspective of people-environment transactions is helpful to understand the 208 

mechanisms of the built environment attributes affecting physical activity (Hoehner 209 

et al. 2003), providing a comprehensive conceptual framework for analyzing the 210 

interactions of individual factors and contextual factors. Thus, this study aims to 211 

contribute to the literature by investigating the associations of urban-type suburban 212 

residences with residents’ physical activity in China, and explaining the built 213 

environment and physical activity mechanisms from the lens of people-environment 214 

transactions.  215 

Methods 216 

Protocol 217 

Guangzhou was selected as the case study area due to its leading role in residential 218 

suburbanization in China (Wu et al. 2006), in particular of the speedy expansion of 219 

commodity housing estates in the Panyu district over the past three decades (He and 220 

Jia 2007). (Figure 1) Based on the initiatives and dynamics of housing reform and 221 
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urban expansion, three stages of commodity housing estate development in Panyu 222 

district have been identified: market-government cooperation period (late 1980s to 223 

1990s), developer-dominated period (from late 1990s to around 2005), and planning 224 

regulation-enhance period (from 2005 to now), resulting in dynamic physical features 225 

of the urban-type suburban neighborhoods during the past thirty years. Accordingly, 226 

three neighborhoods were selected to reflect typical built environment features across 227 

different periods: Luoxi New Town (LNT) (from late 1980s to 1999), developed by the 228 

cooperation of local government and a Hong Kong developer, characterized by open 229 

block, high-density, and mixed land use; 2) Agile Garden (AG) (from 2000 to 2010), 230 

dominated by the developer, characterized by the large-scale site, gated feature, single 231 

land use, and self-dependent public service facilities; 3) Asian Game Village (GV) 232 

(from 2007 to 2010), developed with much intervention of municipal government in 233 

land use regulation, transportation-oriented and service-oriented development 234 

strategies, characterized by the gated feature, single land use, high-rise buildings, and 235 

good public service facilities.  236 

The fieldwork and questionnaire survey were conducted at the public spaces of the 237 

three neighborhoods from 15 June to 5 September 2015. The survey respondents were 238 

individuals aged 20-100 who had lived in the neighborhoods for at least half a year. 239 

Modified convenience sampling was employed, adjusted by the residents’ age 240 

structure based on 2010 census data, according to which, the number of residents of 241 

the three neighborhoods were 1,7459, 2,3982, and 1,3912, respectively. Constrained 242 

by limited resources, 1% was set as the sampling rate and a total of 596 respondents 243 

participated in the survey, with 513 providing valid responses. Afterwards, 244 

semi-structural interviews were conducted within the three neighborhoods in 245 
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December 2015, and 42 residents were invited to express their opinions on the 246 

interactions between physical activity and the built environment.  247 

<Insert Figure 1> 248 

Measurements 249 

Physical activity measures  250 

The study examined the two-type physical activity simultaneously: TRPA, 251 

undertaken to accomplish other purposes such as commuting and recreation; and 252 

LTPA, undertaken for discretionary reasons in leisure time (Frank et al. 2003; Kerr 253 

et al. 2012; Shortt et al. 2014). The TRPA pattern was measured by the travel mode 254 

to multiple designations (work, school, recreation, shopping) and the daily travel 255 

time for the different travel modes of daily living. A modified short version of the 256 

International Physical Activity Questionnaire was used to measure the weekly LTPA 257 

level. Outdoor LTPA were investigated rather than indoor activities since we 258 

focused on the effects of the neighborhood environments on physical activity. 259 

Specific types of LTPA (such as walking, cycling, jogging, ball games, swimming, 260 

dancing, gym exercises, yoga and Taichi) were sought other than the binary 261 

classification of moderate or vigorous physical activity, since that would have been 262 

too vague for general residents to differentiate between the two types, particularly in 263 

terms of such Chinese-specific LTPA as Tai Chi.   264 

Built environment measures 265 

Both perceived and objective measures were developed for evaluating the built 266 

environment characteristics to ensure the validity and to help understand the 267 

people-environment transaction process. Perceived built environment was assessed 268 

by asking residents to respond to statements concerning various environmental 269 
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attributes. This involved seven variables of: 1) Residential density: perception of 270 

comfort level evaluated on a 5-point scale (very comfortable, comfortable, neutral, 271 

uncomfortable, very uncomfortable). 2) Destination accessibility: five kinds of 272 

destination were assessed, including access to commercial and recreational 273 

destinations, schools and kindergartens, clinics, and the public service center. 3) 274 

Quality of pedestrian infrastructure: quality of sidewalks, roadside trees, and street 275 

lamps. 4) Street connectivity: three items inquiring the perceptions of walking to 276 

transit stops, subway station, and public services. 5) Availability of physical activity 277 

destinations: three items, comprising perceived quantity and quality of open space 278 

and fitness facilities. 6) Design features: two items concerning attractive landscape 279 

and symbols for sense of belonging. 7) Safety: two items involving the effects of 280 

automobile on walking within neighborhoods and the perception of safety in daily 281 

life. A 5-point scale ranging from 1 (“strongly disagree”) to 5 (“strongly agree”) was 282 

used. 283 

Objective measures were developed using environmental audits. The China Urban 284 

Built Environment Scan Tool was used as it is a reliable and valid instrument for 285 

evaluating the built environment in Chinese cities (Su et al. 2014a). This tool was 286 

modified by focusing on specific items comprising the above seven constructs, 287 

comprising the 20 items shown in Table 1. On-site observation was conducted by 288 

two raters at the same time, using detailed written instructions and field photographs 289 

to attain uniformity in measurement.  290 

<Insert Table 1> 291 

Individual correlates 292 
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Socio-demographic and individual health variables were considered as covariates in 293 

the association between the built environment and physical activity, with age, sex, 294 

income, education, employment, and health status surveyed and analyzed to exclude 295 

their confounding effects. To confront the residential self-selection issue, the 296 

residential choice initiatives were discussed in the focus group.  297 

Data analysis 298 

Descriptive statistics were obtained for socio-demographic variables. The TRPA 299 

characteristics were measured by the proportions of different travel modes for work, 300 

commercial, and recreational destinations, and by the proportion of travel times 301 

spent in different travel modes. The LTPA level was calculated by the type, 302 

frequency, and duration of LTPA, referring to the scoring procedure of International 303 

Physical Activity Questionnaire. The type of LTPA was translated into three groups 304 

(vigorous physical activity, moderate physical activity, walking) based on their 305 

metabolic equivalent; afterwards, the LTPA level was calculated by the metabolic 306 

equivalent multiplied by frequency and duration time. Three LTPA levels were thus 307 

generated according to the International Physical Activity Questionnaire criteria of 308 

high, middle, and low intensity. The chi-square test was used to capture the 309 

sociodemographic features of the three neighborhoods and to compare the 310 

proportions of TRPA attributes and LTPA levels across the three neighborhoods. A 311 

one-way ANOVA was used to differentiate between the perceived built environment 312 

variables among the three cases and to explore the links between sociodemographic 313 

attributes and the perceived built environment. Multinomial logistic regression 314 

models were developed to identify the associations between the perceived built 315 

environment and individual correlations with the TRPA pattern. An ordinal 316 

regression analysis was carried out to understand the perceived built environment 317 
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and individual correlations associated with LTPA. A two-tailed p≤0.05 was 318 

considered to be significant. PASW version 23.0.0 was used for the data analysis. 319 

Analyzing procedures are displayed in the study framework (Figure 2).  320 

<Insert Figure 2> 321 

 322 

Results 323 

The socio-demographic statistics indicates the respondents’ mean age to be 39.63 324 

years old (SD=14.90); mean average annual income of 84,640 yuan (SD=121,081); 325 

half (50.5%) the respondents are well educated (with at least a junior college degree) 326 

and 38.9% are middle-educated (with a secondary or high school diploma); and 24.6% 327 

of the respondents are unemployed or retired. Compared with residents in 328 

Guangzhou urban districts generally, the annual income of the respondents is higher 329 

than average (73,133 yuan in 2014), the well-educated ratio is higher than average 330 

(19.22% in 2010), and the employed rate (76.4%) also higher than average (60.0% 331 

in 2014). Thus, the residents in the three neighborhoods could be categorized as the 332 

middle-class.  333 

The socio-demographic features also differ significantly between neighborhoods 334 

(Table 2), with AG having the most residents aged from 20-59, LNT the most 335 

low-income residents, AG the highest level of educational attainment, and GV the 336 

highest unemployment rate, but with no significant difference in health status.  337 

<Insert Table 2> 338 

Built environment characteristics 339 
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For the characteristics of the built environment for physical activity, 20 items from 340 

seven aspects were assessed objectively (Tables 3 and Figure 3). LNT has the 341 

highest residential density, best destination accessibility and best street connectivity, 342 

but with the worst quality of pedestrian infrastructure, worst design features, and 343 

least safety. AG had the worst street connectivity and GV had the worst destination 344 

accessibility. The one-way ANOVA indicates statistically significant differences in 345 

the scores of six of the BE aspects between the three neighborhoods (Table 4). GV 346 

has the highest score for residential density, LNT the highest score for destination 347 

accessibility and street connectivity, and AG the highest score for quality of 348 

pedestrian infrastructure, availability of physical activity destinations, and design 349 

features. The perceived built environment variables also have significant differences 350 

between individual correlates, with age and employment status correlating with 351 

perceived residential density; income, education, employment, and health status 352 

correlating with perceived destination accessibility; and employment status 353 

correlating with perceived street connectivity (Table 5). 354 

<Insert Figure 3 and Tables 3, 4 and 5> 355 

Built environment and travel-related physical activity (TRPA) 356 

The proportions of travel modes for commuting, shopping, and recreation and on 357 

travel time in walking, cycling, and driving are statistically significant different 358 

between the three neighborhoods (Table 6). For travel mode, LNT had the highest 359 

proportion of walking and taking public transit for commuting, and walking for 360 

shopping and recreation; AG had the highest proportion of cycling and driving for 361 

commuting, and driving and taking public transit for recreation; GV had the highest 362 

proportion of cycling and driving for shopping, and cycling for recreation. For travel 363 
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time, GV had the highest proportion of walking and cycling more than 30 min per 364 

workday, and AG had the highest proportion of driving more than 30 min per 365 

workday.  366 

The multinomial logistic regression models demonstrate statistically significant 367 

correlations between specific perceived built environment variables and TRPA 368 

variables with adjustment of individual correlates (Table 7). The commuting mode is 369 

associated with residential density; travel mode for recreation and cycling time is 370 

associated with street connectivity and safety; and walking time is associated with 371 

the quality of pedestrian infrastructure and design features. There are no significant 372 

effects of the perceived built environment on travel mode for shopping, time in 373 

public transit, and driving time. The socio-demographic factors are significantly 374 

associated with all TRPA variables except cycling time, while health status is not 375 

significantly associated with any TRPA variable. 376 

<Insert Tables 6 and 7 > 377 

Built environment and leisure-time physical activity (LTPA)  378 

There are no significant differences between the LTPA level of the three 379 

neighborhoods (Table 8), with approximately two-thirds of the respondents 380 

considering LTPA to be low intensity in all neighborhoods. The results of the 381 

ordinal regression analysis of LTPA with perceived built environment variables are 382 

summarized in Table 9. This passes the test for parallel lines (p=0.079) and with a 383 

significant model fit (p=0.000). Destination accessibility and quality of pedestrian 384 

infrastructure are positively related with more involvement in LTPA. For individual 385 

correlates, age, income and employment are significantly associated with LTPA 386 

level.   387 
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<Insert Tables 8 and 9> 388 

Discussion 389 

This study investigates the built environment characteristics of three urban-type 390 

suburban neighborhoods in Guangzhou, examining their associations with residents’ 391 

physical activity. All the neighborhoods have their own socioeconomic and physical 392 

features, reflecting their different development phases of residential suburbanization. 393 

The TRPA pattern of the residents’ physical activity characteristic varied across the 394 

three cases, while involvement of LTPA was similar, suggesting that residential 395 

suburbanization during the past three decades in Guangzhou has affected residents’ 396 

TRPA significantly but with little change in their LTPA level. Internal diversity in 397 

both built environment and physical activity between neighborhoods implies an 398 

inherent connection between the built environment and physical activity.  399 

For the perceived built environment and TRPA pattern, seven TRPA constructs were 400 

examined and four influential built environment variables were identified: 401 

residential density, street connectivity, quality of pedestrian infrastructure, and 402 

design features. These findings correspond with previous studies and enrich the 403 

extant supportive evidence particularly in developing countries. It is acknowledged 404 

that street connectivity in combination with residential density could affect 405 

individual travel behaviors (Winters et al. 2010); design features, particularly in 406 

terms of aesthetics and attractiveness, could affect the residents’ engagement in 407 

physical activity (Frank et al. 2003; Renalds et al. 2010; Sarkar et al. 2013). 408 

Pedestrian infrastructure and proximal non-residential locations are also associated 409 

with physical activity, particular in China (Day 2016). Although the effects of 410 

density, network connectivity, crime, and traffic safety are equivocal in extant 411 
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studies (Saelens and Handy 2008; Day 2016), this study ascertained that street 412 

connectivity and safety can affect travel mode for recreation and cycling time; 413 

residential density was correlated with the commuting mode, which may be affected 414 

by limited job opportunities and public transit service in urban-type suburban 415 

neighborhoods.  416 

For the perceived built environment and LTPA, destination accessibility and quality 417 

of pedestrian infrastructure were positively associated with LTPA level after 418 

adjusting for individual correlates. This indicates that, walking, as a primary type of 419 

LTPA in suburban living, is significantly affected by the quality of pedestrian 420 

infrastructure; and the accessibility of the place where LTPA occurred is important 421 

for its level of involvement. Supporting evidence for this can be found in extant 422 

studies. Wang et al. (2016), for instance, point out that availability, accessibility, 423 

suitability of the design of walking and cycling facilities, destination distance, and 424 

provision of supporting facilities are some of the general factors affecting walking. 425 

Neighborhood walkability is positively associated with more involvement of both 426 

travel-related walking and leisure-time walking (Sallis et al. 2018); and accessibility 427 

of multiple destinations, particularly the arrangements for commercial and physical 428 

activity destinations and public services can promote LTPA (Su et al. 2014b; Sarkar 429 

et al. 2013).  430 

In line with the above influential built environment attributes, this study ascertained 431 

that the unique characteristics of urban-type suburban neighborhoods have an 432 

influential impact on physical activity. Physically, long commutes may affect the 433 

residents’ choice of travel mode; self-dependent urban amenities, in combination 434 

with the land use pattern, may determine street connectivity and destination 435 

accessibility; greenness and spaciousness are reflected in aesthetic and residential 436 
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density respectively; middle-class socioeconomic status is related to design features, 437 

particularly in architectural style and sense of belonging. In addition, individual 438 

sociodemographic features play an important role in moderating the relationship 439 

between the built environment and physical activity. They affect individual’s 440 

perception on the built environment and the decision of physical activity afterwards: 441 

on the one hand, sociodemographic features affect the perceived residential density, 442 

destination accessibility, and street connectivity; on the other hand, age, sex, income, 443 

education, and employment are significantly associated with TRPA pattern, and age, 444 

income and employment are significantly associated with LTPA level. To dig deeper 445 

into the authentic links between the built environment and TRPA, LTPA, and the 446 

effects of individual socio-demographic correlates, the four people-environment 447 

transaction models are referred to in the following demonstration.   448 

Socio-demographic features confound the associations between the built 449 

environment and physical activity: they affect interpretive and evaluative 450 

transactions in forming specific perceptions and assessments of the built 451 

environment, which may further determine physical activity through responsive and 452 

operative transactions. Regarding interpretive and evaluative transactions, personal 453 

and cultural factors - such as gender, socioeconomic status, and ethnic identity - are 454 

important in constructing the environment and expressing perceptions. The physical 455 

features of the built environment are processed by individual user, whose personal 456 

sociodemographic features play important roles in individual perception and 457 

evaluation of the built environment (Figure 4). The current study demonstrates that 458 

perception of residential density varies with age, those with different income, 459 

education, employment, and health status evaluate destination accessibility 460 

differently, and those with different employment status have different perceived 461 
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street connectivity. In addition, the cognition and assessment of different age groups 462 

on the availability of physical activity facilities are even contradictory, indicating the 463 

inflexibility of physical activity facilities in accommodating the elderly and those 464 

less so. Thus, perceptions of the built environment are influenced largely by 465 

socio-demographic characteristics.  466 

<Insert Figure 4> 467 

The responsive transaction process involved is crucial to understanding the 468 

mechanism determining the effects of perceived built environment on physical 469 

activity, as it clearly reveals the causal relationship between the two, while personal 470 

socio-demographic factors simultaneously confound the responsive transaction 471 

(Figure 4). To exclude the confounding effects of socio-demographic factors further, 472 

qualitative analyses were supplemented based on individual experience. Regarding 473 

the TRPA pattern of decision making, three key criteria are found to be influential in 474 

residents’ commuting mode: comfort, convenience, and flexibility (Table 10). The 475 

statistical results suggest that a combination of residential density, street 476 

connectivity, quality of pedestrian infrastructure, and design features, are associated 477 

with the perception of comfort, convenience, and flexibility of specific travel modes 478 

determining final decisions on TRPA pattern. Additionally, individual preferences 479 

and daily routine, particularly the commuting need (from home to work), may affect 480 

travel behaviors, moderating the links between the built environment and TRPA 481 

pattern. For example, Cases 3 and 5 in Table 10 provided reverse comments 482 

concerning metro comfort, because Case 3 had to commute to the urban core area at 483 

peak hours, while Case 5 usually traveled to the urban core area off-peak hours. 484 

Thus, residents may adjust their expectations and behaviors according to the comfort, 485 

convenience, and flexibility of the built environment to form their TRPA pattern, 486 
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suggesting that pedestrian-friend environment could motivate residents to be more 487 

physically active in their daily routines (Samimi and Mohammadian 2010).  488 

For the involvement of LTPA, the adaptability of the physical activity opportunities 489 

is clearly an essential determinant of their behaviors. Destination accessibility and 490 

pedestrian infrastructure appear to determine the ease and attractiveness of assessing 491 

LTPA destinations, while the adaptability of the destinations determines whether 492 

users’ choose to use it. Constrained by these three aspects, residents may adjust their 493 

LTPA by choosing alternative opportunities or decreasing their engagement level. 494 

To summarize, therefore, the residents respond to both the constraints and 495 

opportunities of the built environment, which affects their involvement in LTPA.  496 

<Insert Table 10> 497 

The operative transaction mainly exists in the decision-making process of housing 498 

development, where developers and government play determining roles while 499 

residents, as the end users, have little influence on the physical or socioeconomic 500 

features of urban-type suburban neighborhoods. According to the three stages of 501 

residential suburbanization, developers and local government determine the housing 502 

development mode, which consequently helps determine the spatial characteristics 503 

of neighborhoods. To promote a physically active living environment, government 504 

policies need to pay attention to the role of the built environment in encouraging 505 

physical activity (Herrick, 2009), taking more responsibility for regulating suburban 506 

housing development. Considering China’s now more middle-class-oriented 507 

residential suburbanization, many believe that the middle-class need to be better 508 

educated about the importance of physical activity for maintaining health (e.g., 509 

French and Crabbe 2010). This would then affect their home choices, and 510 
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subsequently prompt the housing market into providing more physically active 511 

living environments. With government regulation and housing demands from 512 

potential users, it is rational for developers to provide physically active housing 513 

estates. In this sense, the operative transaction between different stakeholders and 514 

suburban housing estates is essential for the realization of a physically active living 515 

environment.    516 

Conclusions  517 

Focusing on the specific place of urban-type suburban residences in Guangzhou, this 518 

study provides more reliable evidences on the implications of neighborhood 519 

environments on physical activity within the context of Chinese rapid urban 520 

expansion. Although this study did not focus on the whole picture of suburban 521 

residences, it has underlined the specific associations between suburban commodity 522 

neighborhoods and physical activity, which is more comparable to the 523 

corresponding findings in other societies. This study thus contributes to the 524 

empirical findings by exploring the pathways of some built environment attributes 525 

affecting both travel-related and leisure-time physical activity within a specific local 526 

context. The dynamic characteristics of urban-type suburban residences are 527 

measured both objectively and subjectively, differentiating the different features 528 

across the three stages of residential suburbanization and different implications on 529 

TRPA and LTPA. Residential density, street connectivity, pedestrian infrastructure, 530 

design features, and safety may be the important environmental factors affecting 531 

travel-related physical activity, and the accessibility of destinations and pedestrian 532 

infrastructure appear to be the key environmental factors affecting leisure-time 533 

physical activity level.  534 
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Theoretically, this study endeavors to examine the interpretive, evaluative, 535 

responsive, and operative transactions between the suburban residences and 536 

residents, unfolding complex dynamics between suburban housing development, the 537 

built environment, and residents. Individual sociodemographic characteristics are 538 

determinative to interpretive and evaluative transactions and confound the 539 

responsive transaction; residents have to response to the built environment in 540 

physical activity according to perceived opportunities and barriers, but there is little 541 

chance for the operative transaction.  542 

Thus, we suggest several ways that urban planning could increase the physical 543 

activity level of suburban residents during the suburbanization in China. For 544 

example, by providing quality pedestrian infrastructure and ease assess to public 545 

transits and public service, offering more job opportunities through mixed land use, 546 

and providing aesthetic and attractive design features. Institutionally, to promote the 547 

physically active neighborhoods, it is important for the key stakeholders of suburban 548 

housing development to recognize the complexity of residents’ physical activity 549 

pattern and its determinants derived from the built environment (Kickbusch and 550 

Gleicher 2012), and residents may be empowered by being given control over the 551 

determinants in their surrounding environments (Stokols et al. 2013). 552 

However, this study still has to stand for methodological disadvantages in terms of 553 

cross-sectional design, which is inevitable due to the limit available resources. The 554 

causal relationships between the built environment and physical activity should be 555 

interpreted through a more scientific research design in future - in particular by 556 

longitudinal and quasi-experimental studies. Empirically, more efforts should be 557 

made on the explanation of the discrepancy of built environment - physical activity 558 
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relationships across urban, suburban and rural residences accompanied with rapid 559 

spatial expansion in China.   560 
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Table 1. Dimensions and items included in the environment audits 

Dimensions 

Residential 
Density 

Destination 
Accessibility 

Quality of Pedestrian 
Infrastructure 

Street 
Connectivity 

Availability of Physical 
Activity Destinations 

Design 
Features 

Safety 

Type of 
housing 

Land use mix 
level 

 
Commercial 
destinations 

 
Other types of 
destinations 

Presence of sidewalks 
 

Evenness and 
maintenance 

 
Trees and street lamps 

Street density 
 

Street morphology 
 

Number of 
intersections 

 
Number of transit 

stops 

Presence of green/open 
space 

 
Presence of fitness 

facilities 
 
 
 

Culture 
features 

 
Natural sights 

 
Architecture 

style 

Relationship between 
pedestrians and 

automobiles 
 

Cars running or parked 
on sidewalks 

 
Garbage, litter, or 

broken glass 
 

Graffiti on buildings, 
signs or walls 
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Table 2. Socio-demographic characteristics of respondents by neighbourhood (N=513) 

Individual correlates 
LNT 

(N=170) 
AG 

(N=201) 
GV 

(N=142) 
Chi- 

square (χ2) 
p 

Age (%) 

20-29 27.1 32.3 25.9 

31.201 
0.000*

** 

30-39 27.1 35.8 32.7 

40-49 19.4 13.9 14.6 

50-59 11.8 8.5 12.3 

≥60 14.7 9.5 14.4 

Sex (%) 
Male 51.2 46.3 51.4 

2.506 0.644 
Female 48.8 53.7 48.6 

Income 
(%) 

<3w 28.2 13.9 19.0 

44.578 
0.000*

** 

3-8w 38.2 26.9 22.5 

8-15w 24.1 41.3 49.3 

15-30w 5.9 10.4 9.2 

>30w 3.5 7.5 0 

Education 
(%) 

Primary school 
and below 

11.2 4.5 19.0 

48.944 
0.000*

** 

Secondary 
school 

25.3 11.4 10.6 

High school 27.1 22.4 20.4 

Junior college  21.8 28.9 19.7 

Bachelor or 
above 

14.7 32.8 30.3 

Employment 
(%) 

No job 18.2 19.9 40.8 
25.845 

0.000*

** Have jobs 81.8 80.1 59.2 

Health status 
(%) 

Good 70.4 75.5 67.6 
2.695 0.260 

Not good 29.6 24.5 32.4 
***p<0.001 
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Table 3. Objective built environment characteristics  

Dimension Domain LNT AG GV 

Residential 
density 

Person/ha 22,230/133.5=167 29,520/314.29=94 17,421/273=64 

 Type of housing 
Mixture of high-rise 
and villas 

Mixture of 
high-rise, 
multi-stories, and 
villas 

High-rise 

Destination 
accessibility 

Land use mix 
Mixed land use 
promotes active 
travel 

Single land use 
discourages active 
travel 

Single land use 
discourages active 
travel 

Commercial 
destinations 

Very good General Very poor 

Other types of 
destinations 

Very good General Poor 

Quality of 
pedestrian 
infrastructure 

Presence of sidewalks Encroached sidewalk 
Continuous 
pavement 

Continuous pavement  

Evenness and 
maintenance 

Poor Good Good 

Trees and street lamps 
Discrete tree shade 
and street lamps 

Continuous trees 
and street lamps 

Continuous trees and 
street lamps 

Street 
connectivity 

Street density 
(street length/site area) 

83.42m/hm2 24.57 m/hm2 43.47 m/hm2 

Street morphology 
Fine-grid pattern 
(5.54 hm2) 

Curvilinear street 
pattern (8.60 hm2) 

Grid pattern 
(10.93 hm2) 

Number of 
intersections/floor area 

0.10 0.05 0.07 

Number of transit 
stops 

1 subway station 
8 bus stops 
39 bus routes 

0 subway station 
(in construction) 

5 bus stops 
17 bus routes 

1 subway station 
14 bus stops 
7 bus routes 

Availability of 
physical 
activity 
destinations 

Presence of green/open 
space 

1 park; 
riverside; 

Public green/open 
spaces along the 
landscape avenue; 

1 public square; 
urban greenway; 
riverside; 

Presence of fitness 
facilities 

4 commercial fitness 
clubs 

4 commercial 
fitness clubs 

1 commercial fitness 
club; 
2 public sport facilities; 

Design features 

Culture features Open block Gated community Gated community 

Natural sights General Good Good 

Architecture style Modern 
Modern Chinese 
style 

Lingnan style 

Safety 

Relationship between 
pedestrians and 
automobiles 

Coexist 
Coexist and 
separate 

Separate 

Cars running or parked 
on sidewalks 

Many Some Few 
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Dimension Domain LNT AG GV 

Garbage, litter, or 
broken glass 

Very few None None 

Graffiti on buildings, 
signs or walls 

Very few None None 

 

Table 4. Perceived built environment characteristics by neighborhoods (N=513) 

Perceived BE variables 
LNT 

(N=170) 
AG 

(N=201) 
GV 

(N=142) 
F p 

Residential density (mean) 3.25 3.22 3.63 10.227 0.000*** 

Destination accessibility (mean) 3.90 3.78 3.11 72.092 0.000*** 

Quality of pedestrian infrastructure 
(mean) 

3.35 3.82 3.50 14.286 0.000*** 

Street connectivity (mean) 3.38 3.04 3.32 57.110 0.000*** 

Availability of physical activity 
destinations (mean) 

2.79 3.57 3.21 61.159 0.000*** 

Design features (mean) 3.13 3.84 3.29 55.179 0.000*** 

Safety (mean) 3.47 3.42 3.31 2.145 0.118 
*p<0.05, **p<0.01, ***p<0.001 
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Table 5 Perceived built environment characteristics by individual correlates (N=513) 

Perceived BE variables 
Individual correlates 

Age Sex Income Education Employment 
Health 
status 

Residential density (F) 3.419** 0.585 0.470 1.217 13.619*** 1.998 

Destination accessibility 
(F) 

1.852 0.001 3.431** 3.725** 7.608** 4.667* 

Quality of pedestrian 
infrastructure (F) 

0.915 0.244 0.878 2.096 2.009 0.083 

Street connectivity 1.997 0.136 1.739 1.939 5.806* 1.281 

Availability of physical 
activity destinations (F) 

0.595 0.037 0.410 0.928 0.086 0.238 

Design features (F) 0.841 0.628 1.633 2.305 0251 2.644 

Safety (F) 0.847 1.059 1.002 0.763 3.693 0.626 
*p<0.05, **p<0.01, ***p<0.001 
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Table 6. Travel-related physical activity characteristics by neighborhood (N=513) 

TRPA 
LNT 

(N=170) 
AG 

(N=201) 
GV 

(N=142) 
Chi-squa

re (χ2) 
p≤0.05 

Commuting mode 
(%) 

Walking  27.6 19.4 9.9 

46.775 0.000 

Cycling 7.6 10.9 8.5 

Public transit 28.8 20.9 23.9 

Driving  5.3 17.9 14.8 

Others 8.8 11.4 4.2 

No need  21.8 19.4 38.7 

Travel mode for 
shopping (%) 

Walking  46.5 30.8 26.8 

34.014 0.000 

Cycling 9.4 10.9 19.0 

Public transit 22.9 23.4 24.6 

Driving  8.2 16.9 21.8 

Others 8.8 13.9 4.9 

No need  4.1 4.0 2.8 

Travel mode for 
recreation (%) 

Walking  46.5 21.9 40.8 

68.608 0.000 

Cycling 12.9 14.4 23.2 

Public transit 17.6 30.8 21.8 

Driving  2.9 16.4 7.7 

Others 5.3 10.0 2.8 

No need  14.7 6.5 3.5 

Walking (%) 

none  15.0 18.8 7.1 

41.594 0.000 

1-30 min 58.8 35.1 42.9 

31-60 min 10.6 25.7 29.3 

61-90 min 8.8 6.3 10.0 

91-120 min 2.5 2.6 4.3 

>120 min (2h)  4.4 11.5 6.4 

Cycling (%) 

none  63.1 66.5 47.5 

29.457 0.001 

1-30 min 18.5 16.8 23.7 

31-60 min 14.6 10.8 17.3 

61-90 min 1.9 4.9 2.2 

91-120 min 1.3 0.5 6.5 

>120 min (2h)  0.6 0.5 2.9 

Driving (%) 

none  69.5 49.5 60.7 

20.720 0.023 

1-30min 10.4 14.3 15.0 

31-60min 6.5 14.8 7.1 

61-90min 4.5 8.8 3.6 

91-120min 3.2 3.3 3.6 

>120min(2h)  5.8 9.3 10.0 
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Table 7. Multinomial logistic regression models of travel-related physical activity and perceived built environment with adjustment of 
individual correlates 

Independent 
variables 

Commuting mode 
(N=324) 

Travel mode for 
shopping (N=429) 

Travel mode for 
recreation (N=424) 

Walking time 
(N=406) 

Cycling time 
(N=184) 

Time on public 
transit (N=329) 

Driving time 
(N=183) 

Chi-squa
re (χ2) 

p<0.05 
Chi-squ
are (χ2) 

p<0.05 
Chi-squa

re (χ2) 
p<0.05 

Chi-squa
re (χ2) 

p<0.05 
Chi-squ
are (χ2) 

p<0.05 
Chi-squ
are (χ2) 

p<0.05 
Chi-squa

re (χ2) 
p<0.05 

Residential 
density 

10.492 0.015 - - - - - - - - - - - - 

Destination 
accessibility  

- - - - - - - - - - - - - - 

Quality of 
pedestrian 
infrastructure  

- - - - - - 12.740 0.005 - - - - - - 

Street 
connectivity 

- - - - 11.869 0.008 - - 8.212 0.042 - - - - 

Availability of 
physical 
activity 
destinations  

- - - - - - - - - - - - - - 

Design 
features  

- - - - - - 14.205 0.003 - - - - - - 

Safety  - - - - 7.984 0.046 - - 12.528 0.006 - - - - 

Age  - - 18.409 0.000 17.988 0.000 11.702 0.008 - - - - 8.343 0.039 

Sex 13.982 0.003 - - - - - - - - - - - - 

Income 24.006 0.020 24.415 0.018 29.530 0.003 - - - - - - - - 

Education 58.348 0.000 39.612 0.000 34.459 0.001 - - - - 61.726 0.000 24.606 0.017 

Employment - - 9.393 0.024 8.563 0.036 - - - - - - - - 

Health status - - - - - - - - - - - - - - 
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Table 8. Leisure-time physical activity level by neighborhoods (N=513) 

LTPA level 
LNT 

(N=170) 
AG 

(N=201) 
GV 

(N=142) 
Chi-squa

re (χ2) 
p 

Low intensity (%) 72.4 63.7 66.2 

5.888 0.208 Middle intensity (%) 19.4 20.9 23.2 

High intensity (%) 8.2 15.4 10.6 
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Table 9. Leisure-time physical activity level and perceived built environment adjusted 
by individual correlates (N=513) 

Independent variables 
Parameter 

estimate  
SE p 

Perceived 
built 

environment 
variables 

Residential density -0.101 0.098 0.299 

Destination accessibility  0.254* 0.129 0.049 

Quality of pedestrian infrastructure  0.419** 0.123 0.001 

Street connectivity 0.029 0.149 0.848 

Availability of physical activity destinations  -0.097 0.139 0.487 

Design features  0.263 0.136 0.054 

Safety  0.092 0.127 0.468 

Individual 
correlates 

Age  0.025*** 0.007 0.000 

Sex Male -0.271 0.170 0.110 

Income 

<3 w -0.879* 0.425 0.039 

3-8 w -0.772 0.404 0.056 

8-15 w -0.601 0.396 0.129 

15-30 w -0.440 0.461 0.341 

Education 

Primary school and below -0.588 0.350 0.093 

Secondary school -0.246 0.307 0.423 

High school 0.262 0.253 0.299 

Junior college  0.038 0.262 0.886 

Employment No job 0.880*** 0.248 0.000 

Health status Good 0.195 0.187 0.296 
*p<0.05, **p<0.01, ***p<0.001 

 
 
 
 
 
 
 

This material may be downloaded for personal use only.  
Any other use requires prior permission of the American Society of Civil Engineers.  

This material may be found at https://doi.org/10.1061/(ASCE)UP.1943-5444.0000519 



	 40

Table 10. Statements on travel mode selection 
 

Statement Choice Criteria 
  Comfort Convenience Flexibility 

1. I like to commute by my car, which is quite a 
flexible and convenient arrangement 
(GV-Middle-aged male). 

Car  � ✓ � ✓ 

2. My children drive to work every day. They do not 
like to take the subway because there are too many 
people during the peak hour. It is very tiring 
(GV-Elderly female). 

Car � ✓  

3. The subway is too crowded and uncomfortable. 
Since the distance is quite long from my home to work, 
I have to spend a long time on the way (LNT-Young 
female). 

Subway � ✓  

4. My children have to spend around one hour on 
subways to go to work, which is really hard, as they 
cannot afford a private car right now (GV-Elderly 
female). 

Subway  � ✓ 

5. I use both public transport and private car to go to 
work. It depends on the destination. Parking cars is 
troublesome, so taking the subway is more 
comfortable when I travel to urban core areas 
(LNT-Middle-aged female). 

Subway 
or car � ✓ � ✓ 

6. For commuting, I either take a bus or drive the car, 
depending on the convenience and comfort involved. I 
prefer to commute by bus if it links with my destination 
well, because driving is tiring. I choose to drive if the 
bus is likely to be overcrowded (LNT-Middle-aged 
male). 

Bus or 
car � ✓ � ✓ 

7. I either take the shuttle bus or drive the car. It is 
convenient and relaxing when the shuttle bus connects 
directly with my destination (AG-Young female). 

Shuttle 
bus or 
car  

� ✓ � ✓ 

8. I like to use Uber because it is flexible in terms of 
time (AG-Middle-aged female). 

Uber   � ✓

9. I don’t like to use public transport since buses and 
taxis are very smelly and involve much waiting time. I 
usually choose Uber, which is very convenient and 
comfortable (LNT-Middle-aged female). 

Uber � ✓ � ✓ � ✓ 

10. I walk to my office every day, which takes me 
10min (LNT-Young female). 

Walking � ✓ � ✓ � ✓

11. I cycle to work because it is good exercise. 
However, it is inconvenient since the roads are built 
for cars and not bicycles (AG-Young male).  

Cycling � ✓  
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Fig 2 Study framework 
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Fig 4. People–environment transaction model of built environment 
and physical activity. 
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