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Summary 

 
Neighborhood Environment and Physical Activity of Older Adults 

As many bodily functions gradually decline with increasing age, older adults are more 

vulnerable to health risks. How to help older adults to stay healthy and maintain a high 

level of quality of life has been a major challenge of socially sustainable development. 

Research indicates that physical activity may help to address this challenge. However, 

older adults are the least physically active segment of the population.  

 Over the last decades, an increasing number of researchers have attempted to 

examine the influence of neighborhood environment on physical activity. They believed 

that such knowledge is vital for developing environmental interventions aimed at 

maintaining and promoting physical activity. However, previous studies have primarily 

focused on aggregated measured physical activity such as total weekly physical activity 

levels. This means that all specific aspects of physical activity behavior such as the type, 

duration and frequency of physical activity have been ignored and thus previous research 

has been unclear about the relationships between individual decisions regarding physical 

activity types, duration and frequency and neighborhood environments. In order to 

develop suitable environmental interventions which would be better tailored to meet the 

needs or preferences of older adults in terms of a specific aspect of physical activity 

behavior, and in turn to promote total physical activity levels, a better understanding of 

how neighborhood characteristics influence various aspects of physical activity is 

required. The aim of this thesis is therefore to examine the influence of neighborhood 

environments on various specific aspects of physical activity behavior of older adults. In 

addition, given that few studies have formally investigated the extent to which any 

association between neighborhood environments and health as well as quality of life 

might be mediated by physical activity levels, another aim of this thesis is to analyze the 

relationships between neighborhood environments, physical activity levels, health and 

quality of life in a more comprehensive framework. 

To that end, a data collection instrument was designed. The instrument consists of 

a questionnaire on personal characteristics, a structured interviewer-administered 

questionnaire on weekly physical activity, and a following questionnaire on perceptions 

of neighborhood built and social environment. In the physical activity questionnaire, 

respondents were promoted to provide detailed information on each outdoor activity 

episode that they participate in during a typical week including start time, origin, 
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destination, travel mode, route names or bus number if travelling by bus, trip duration 

and activity duration, and the frequency of each home-based tour. The data were 

collected between August and September 2017 in Dalian, China, among 363 respondents 

aged 60 and over. Following the survey, objective features of the built environment were 

measured using ArcGIS combined with Google Map. 

Discrete choice models were used to examine the effects of neighborhood 

characteristics on patterns of activity types, activity duration, activity frequency and 

weekly outdoor activity patterns, taking into account individual socio-demographic 

characteristics. To analyze simultaneously the direct and indirect relationships between 

physical activity and health, quality of life, and neighborhood characteristics, a path 

analysis approach was used. 

The empirical results suggest that neighborhood characteristics have different 

impacts on patterns of activity types, activity duration, activity frequency and weekly 

outdoor activity patterns. Accessibility to local shops is associated with patterns of 

activity types, frequency of utilitarian activity, and weekly outdoor activity patterns. 

Distance to the nearest park is associated with leisure walking trip duration and frequency 

of leisure walking. Neighborhood aesthetics relates to duration of leisure walking trips 

and frequency of joint leisure activities. Footpath conditions are associated with patterns 

of activity types and duration of leisure walking trips. Crime safety has impacts on 

patterns of activity types, duration of leisure walking trips and weekly outdoor activity 

patterns, whereas traffic safety is only associated with duration of leisure walking trips. 

Social cohesion relates to weekly outdoor activity patterns. Social capital affects 

frequency of any physical activities and weekly outdoor activity patterns. In addition, we 

found that certain neighborhood characteristics such as neighborhood aesthetics and 

traffic safety are associated with health and quality of life, but not with total physical 

activity levels. 

These findings further our understanding of the influence of neighborhood 

characteristics on specific aspects of physical activity behavior and provide a 

comprehensive understanding regarding the direct and indirect relationships between 

physical activity, health, quality of life and neighborhood environment. This study has 

implications for efforts to maintain and promote older adults’ physical activity, health 

and quality of life. Promotion and interventions strategies should tailor measures to the 

specific preferences, interests and needs of different older adults in terms of activity type, 

duration, frequency and patterns, in order to increase the acceptability, adoption, and 

long-term adherence to physical activity and in turn to gain health benefits. Additionally, 

neighborhood characteristics that are not associated with physical activity levels, but 

directly with health and quality of life, could also be targeted in environmental 

interventions in order to enhance health and quality of life in later life.
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1 
Introduction 

1.1 Background and motivation 

In many countries, the number of older adults has been increasing. In 2017, there were 

962 million people aged 60 or over, comprising 12 percent of the global population. It is 

expected that the worldwide number of older people will further grow to 2.10 billion by 

2050 (United Nations, 2017). As many bodily functions gradually decline with 

increasing age, older adults are more vulnerable to health risks. How to help older adults 

to stay healthy and maintain a high level of quality of life has been a major challenge of 

socially sustainable development. The challenge is particularly acute in China, where the 

population is aging at an extraordinarily rapid speed and on a large scale. It is projected 

that the number of Chinese older adults will increase to 0.49 billion by 2050 and nearly 

one in four persons aged 60 years or over in the world in 2050 will live in China (United 

Nations, 2017).  

Research indicates that physical activity may help to address this challenge. 

Regular physical activity has a plethora of health benefits, including preventing and 

treating chronic conditions such as cardiovascular disease, stroke, hypertension, type 2 

diabetes, osteoporosis, dementia, pain, some cancers constipation, chronic obstructive 

pulmonary disease, high cholesterol, high blood pressure, and obesity (Nelson et al., 

2007). Physical activity is also associated with improved quality of life and reduced risk 

of many mental health conditions including depression and anxiety among older adults 

(Strawbridge et al., 2002). 

The neighborhood provides opportunities for increasing physical activity, 

especially for older adults who are more dependent on their neighborhoods due to aging-
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related functional and mobility challenges (Carlson et al., 2012) and thus has gained 

importance in the literature. It is believed that improved quality of life and health benefits 

from physical activity can be achieved through interventions in the neighborhood 

environments. A rapidly growing body of research has analyzed the relationship between 

physical activity and neighborhood characteristics (e.g., Cerin et al., 2016; Chaudhury et 

al., 2012; Clark and Scott, 2013; Giles-Corti and Donovan, 2002; Leung et al., 2018; 

Owen et al., 2000; Sallis et al., 2012; Sugiyama et al., 2009; Van Cauwenberg et al., 

2012). 

However, this area of research has been limited in several important ways. First, 

most of the studies examining the relationships between neighborhood characteristics 

and physical activity have used a generalized physical activity measure such as total 

physical activity levels. However, physical activity includes a number of different 

aspects such as the type, duration, frequency and patterns. Few studies have focused on 

specific aspects of physical activity. Second, although physical activity is assumed to be 

an important pathway connecting neighborhood environments with health and quality of 

life, existing knowledge has often been based on bivariate relationships between these 

factors, and few studies have formally examined the extent to which any association 

between environments, health and quality of life may be mediated by the levels of 

physical activity. Finally, the majority of “neighborhood environment-physical activity” 

studies have predominantly conducted in Western countries and their findings are not 

necessarily translatable to Asian countries such as China. 

In summary, the current study aims to build on the limitations of past research that 

were described above. Specifically, its purpose is to examine the relationships of 

neighborhood characteristics with various aspects of physical activity and analyze the 

relationships between neighborhood characteristics, physical activity levels, and health 

as well as quality of life of older adults simultaneously, based on data collected in a 

Chinese high-density city. Better understanding of how neighborhood characteristics 

influence various aspects of physical activity can inform the implementation of suitable 

environmental interventions which would be better tailored to meet the needs or 

preferences of older adults in terms of a specific aspect of physical activity behavior. 

Moreover, insights into the mediating role of physical activity in the relationships 

between neighborhood environments and health as well as quality of life can yield 

important knowledge on how neighborhood environments can optimally promote health 

and quality of life of older adults through stimulating their physical activity levels. 

Finally, the study conducted in a Chinese high-density city can contribute to the limited 

empirical evidence on the relationships between neighborhood characteristics and 

physical activity within Asian high-density urban contexts and provide useful 

information for comparison with findings of most previous studies in Western contexts. 
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1.2 Research questions 

To achieve the aim of this study, the following research questions will be addressed: 

1. Do different segments of older adults show significant differences in their

propensity for participation in leisure and transport-related physical activities?

Do different segments of older adults show significant differences in their

propensity for participation in various specific types of leisure physical

activities? Are neighborhood characteristics associated with the heterogeneity

of patterning of activity types of older adults, taking into account their socio-

demographics?

2. Are neighborhood characteristics associated with the duration of type-specific

physical activities of older adults, taking into account their socio-

demographics?

3. Are neighborhood characteristics associated with the frequency of type-

specific physical activities of older adults, taking into account their socio-

demographics?

4. Do distinct patterns exist among Chinese older adults in their weekly outdoor

activity participation? Do these patterns of outdoor activity participation relate

to older adults’ overall outdoor physical activity levels? Are neighborhood

characteristics associated with these patterns of outdoor activity participation

of older adults, taking into account their socio-demographics?

5. What are the direct and indirect relationships between neighborhood

characteristics, physical activity levels and health as well as quality of life of

older adults, taking into account their socio-demographics?

1.3 Outline 

The thesis is organized into ten chapters. Following the introductory chapter, 

Chapter 2 provides a literature review. The focus of the review is on the development of 

concepts, knowledge and data collection in the area of quality of life, health and 

neighborhood environment-physical activity studies. It serves three purposes. Firstly and 

most importantly, it serves to identify research limitations in the existing relevant 

literature. Secondly, it serves to guide the development of the conceptual framework and 

the holistic consideration of environmental attributes that potentially influence physical 

activity, health and quality of life, based on the review on empirical findings on the 

relationships between neighborhood environment and physical activity, health as well as 
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quality of life. Finally, it serves to guide the measures of quality of life, health, and 

physical activity behavior and neighborhood characteristics. 

Chapter 3 constructs the conceptual framework of this thesis. Before introducing 

the framework, a short introduction of the relevant theories regarding physical activity 

behavior and health is given. Next, drawing on previous empirical studies and the 

relevant theories, the complete conceptual framework is built and elaborated in detail. 

The data collection is described in Chapter 4. Based on our conceptual framework, 

a questionnaire was designed. It collects data about respondents’ socio-demographic 

characteristics, perceived or subjective evaluations of neighborhood characteristics and 

weekly outdoor activity-travel behavior and health as well as quality of life. Objective 

features of the neighborhood built environment were measured using ArcGIS combined 

with Baidu Map. Next, it describes the selected study area and the actual data collection. 

Chapter 5 and 9 are the core chapters of the thesis. In these chapters, the results of 

all analyses about the single and multiple relationships included in our conceptual 

framework are reported. Chapter 5 focuses on the physical activity patterns in terms of 

activity types. It presents results of a latent class multinomial model, used to test for 

heterogeneity in physical activity patterns of older adults and examine its relationship 

with socio-demographic and neighborhood characteristics. 

Chapter 6 aims to examine the effects of physical activity participation attributes, 

socio-demographic and neighborhood characteristics on the duration of type-specific 

physical activities in a trip. This chapter finally focuses only on leisure-time walking, 

because this is the most prevalent and preferred form of physical activity among older 

adults and the durations of other types of physical activity show little variation. Given 

that the walking trip duration data collected in a typical week are essentially panel data 

implying that the duration of all walking trips from the same individual may be 

correlated, a random effects ordered logit model is applied. 

Chapter 7 focuses on the frequency of type-specific physical activities. A zero-

inflated count modeling approach is applied. Specifically, the influences of socio-

demographics and neighborhood characteristics on the frequency of participation in 

sedentary activities, leisure walking and joint leisure activities are analyzed, using three 

zero-inflated negative binomial models, with two zero-inflated Poisson models analyzing 

the influences on the utilitarian activity and skill-based leisure activity frequency.  

In Chapter 8, three analyses are executed to analyze older adults’ outdoor activity 

patterns. First, a cluster analysis approach was used to identify patterns of weekly 

outdoor activity behavior. Second, one-way analysis of variance and chi-square tests 

were conducted to explore differences in two measures of weekly outdoor physical 
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activity levels across the identified groups. Finally, a multinomial logistic regression 

model was estimated to examine the social-ecological correlates of each outdoor activity 

participation pattern. 

Chapter 9, as another core chapter, presents the results of a path analysis estimated 

to simultaneously test the direct and indirect relationships between socio-demographics, 

neighborhood characteristics, domain-specific physical activity levels, health and quality 

of life. 

Finally, Chapter 10 concludes the thesis by discussing the main findings and the 

possible directions of future research. 
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2 
Literature Review 

2.1 Introduction 

As discussed in the previous chapter, health and quality of life has gained considerable 

attention in the fields of public health, urban planning and transportation for several 

decades. These studies mainly consist of three types: the effect of physical activity on 

health and quality of life, the neighborhood environmental influence on health and 

quality of life, and the influence of neighborhood environment on physical activity. This 

chapter will discuss previous studies and their shortcomings that are relevant to the 

problems addressed in this thesis. 

This chapter is organized as follows. First, we will discuss the literature on health 

and quality of life, physical activity and neighborhood environment respectively. Finally, 

research limitations will be presented. 

2.2 Quality of life 

Defining quality of life has proven challenging (Moons et al., 2006) and many 

approaches to define quality of life exist based on different dimensions of quality of life 

(Ferrans, 1990). One example of definitions of quality of life is “individuals’ perceptions 

of their position in life in the context of the culture and value systems in which they live 

and in relation to their goals, expectations, standards and concerns” (WHOQOL Group, 

1998a). The WHOQOL Group has also developed a quality of life assessment which 

includes the WHOQOL-100 (WHOQOL Group, 1998b) and the WHOQOL-BREF 



Chapter 2 

8 

(WHOQOL Group, 1998a). The WHOQOL-100 encompasses 100 items with six 

domains and the WHOQOL-BREF is a short version of the WHOQOL-100, including 

26 items with four domains. While the WHOQOL-100 and the WHOQOL-BREF allow 

a detailed assessment of individual facets relating to quality of life, it may be too lengthy 

for some uses. In mainstream psychology, quality of life is defined as a conscious 

cognitive judgment of satisfaction with one's life (Pavot and Diener, 1993). This 

construct is generally assessed with the satisfaction with life scale (SWLS), a five-item 

unidimensional measure with excellent psychometric properties (Pavot and Diener, 

1993). A reliable and valid single-item global quality of life scale is desirable because of 

its brevity. Cheung and Lucas (2014) assessed the reliability and validity of a single-item 

life satisfaction measure. The single-item measure reads, “In general, how satisfied are 

you with your life?” They concluded that the single-item life satisfaction measure 

performed very similarly compared to the multiple-item SWLS. 

In public health research, quality of life has extensively been studied in relation to 

physical activity which is motivated by the notion that a better understanding of the 

complex dose-response relationship between physical activity and quality of life is 

important to propose recommendations addressing lifestyle changes in older adults. For 

example, Guedes et al. (2012) found that increases in the levels of physical activity can 

contribute to improvements in quality of life of older adults. However, there is still other 

research showing that the effect of physical activity on quality of life is only indirect 

through its effects on health status (McAuley et al., 2006). In the field of transportation, 

there is a growing interest in studying the relationship between quality of life and 

activity-travel behavior. Different from quality of life research in the field of public 

health, much of this work has focused on the direct and indirect effect of travel on quality 

of life. The direct effect of travel on quality of life generally refers to the direct 

relationship between travel satisfaction and quality of life. For example, Ettema et al. 

(2010) argued that travel in itself affects individuals’ mood and leads to a cumulative 

satisfaction with the transport system, which in turn impacts on global subjective well-

being (SWL). In terms of the direct effect of travel on quality of life, Spinney et al. (2009) 

argued that the availability of travel options related to the transportation system or 

physical mobility influences individuals’ opportunity to perform physical activity and 

social interaction, this may impact on their subjective well-being (SWB has often been 

used as a proxy for QOL). 

Quality of life is also related to socio-demographics. For instance, von Humboldt 

et al. (2014) found that education and income are significant predictors of perceived 

quality of life. Household composition has also been found to affect quality of life. Older 

adults tend to have higher level of quality of life if they live with grandchildren (Onishi 

et al., 2006). 
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In the field of public health and urban studies, there is also increasing interest in 

the effect of neighborhood environment on quality of life. These studies aim to test the 

hypothesis that future policies and interventions to increase quality of life could focus on 

improving neighborhood environment. For instance, Bowling et al. (2002) found that 

older adults who rated the quality of the area (access to facilities) as higher were more 

likely to rate their quality of life as very good. Sugiyama et al. (2009) found that the 

distance to neighborhood open space is correlated with life satisfaction (a major 

component of quality of life) of older adults in Britain. Others have found poor 

pavements and problematic traffic signals to be detractors (Hanson and Emlet, 2006; 

Richard et al., 2005), whilst neighborhood safety and cleanliness have been pinpointed 

as community contributors to quality of life of older adults (Richard et al., 2005). 

2.3 Health 

A highly influential definition of health was provided by the World Health Organization 

(WHO). The WHO defines health as “a state of complete physical, mental and social 

well-being, and not merely the absence of disease and infirmity” (WHO, 2014). To 

measure health, single-item general health status measurements such as “how would you 

describe your present health status on a five-point scale ranging from poor to good” are 

frequently applied in population surveys (Lundberg and Manderbacka, 1996; 

Manderbacka et al., 1998). The measurement also has proven to be stable and to associate 

strongly with more extensive health scales (Shields and Shooshtari, 2001). 

In the field of public health and gerontology, health has been extensively studied 

in relation to socio-demographics in order to identify the socio-demographic 

characteristics of vulnerable groups in terms of health and to aid policy makers in 

narrowing health inequalities.  For example, Zavras et al. (2013) found that men, 

individuals with lower education and those with lower income have a higher probability 

to report poorer perceived health. Lee and Shinkai (2003) concluded that age and 

functional disability are strongly associated with perceived health. 

There also has been increasing interest in the relationship between neighborhood 

environment and health of older adults. For example, access to commercial or public 

services, trash or litter, traffic, crime, social cohesion and social capital have been linked 

to self-reported health of older adults (Andrew, 2005; Bowling et al., 2006; Deindl et al., 

2016; Ramlagan et al., 2013; Schieman and Meersman, 2004). Although neighborhood-

health research has become more established, the mechanisms that connect 

neighborhood to health are less clear. Physical activity is believed to be a critical 

mechanism by which neighborhood environment can affect health and quality of life 

(Pietilä et al., 2015; Theodoropoulou et al., 2017; Van Cauwenberg et al., 2016). 
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2.4 Physical activity 

Physical activity (PA) is defined as any bodily movement produced by skeletal muscles 

resulting in energy expenditure above the basal level. To assess physical activity, 

questionnaires are the most commonly used method and a diversity of questionnaires is 

available for this purpose. A review of physical activity questionnaires states that the 

International Physical Activity Questionnaire (IPAQ) appeared to be the most widely 

used questionnaire ( Lee et al., 2011). The IPAQ was developed by a multinational 

working group as a tool suitable for assessing population levels of PA across countries. 

There are three versions of the IPAQ—the IPAQ-Short Form (IPAQ-S), the IPAQ-Long 

Form and the IPAQ-Elderly (IPAQ-E) and all can be administered by telephone 

interview or self-administered. The first two forms were developed to be used among 18- 

to 65-year-old adults in diverse settings. The IPAQ-E is specifically used for elderly aged 

65 years and above. In the IPAQ-E, participants report the frequency and duration of 

vigorous, moderate, and walking activities as well as the time spent sitting during the last 

7 days. However, there are some disadvantages to using self-report measures such as 

recall bias. In addition, these measures do not capture activity patterns throughout the 

day.  

Objective physical activity measures have been increasingly used to overcome 

limitations of self-reported measures. Motion sensors (pedometers and accelerometers) 

provide objective physical activity measurements. Pedometers measure step count but 

not intensity and therefore cannot distinguish between walking speeds (Harris et al., 

2009; Tudor-Locke et al., 2002). Accelerometers measure the body acceleration in one 

or more directions continuously for long periods. The output, activity counts per unit of 

time, calculated from the magnitude and the intensity of the acceleration, distinguishes 

between different walking speeds and intensity levels (Harris et al., 2009; Tudor-Locke 

et al., 2002). Mean minutes per day at different intensities was determined by summing 

all minutes where the count met the criterion for that intensity, divided by the number of 

valid days. The accelerometer has an advantage over the pedometer by its ability to 

distinguish between activities with different intensity levels. However, both do not 

provide useful information on the types of physical activity being performed. Thus, they 

cannot distinguish between walking for transportation and walking for leisure. In 

addition, they cannot assess the spatial locations of physical activity behavior.  

The global positioning system (GPS) which is a satellite-based global navigation 

system providing a precise location at any point on the Earth's surface, represents an 

innovative way to objectively assess the spatial locations of physical activity behavior 

(Krenn et al., 2011). By processing the GPS data, researchers also can infer the type of 

activity, speed and even model of travel. However, there is still some information that 

cannot be derived from GPS data, such as number of travel companions and activity 
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purposes. Moreover, signal noise and location devices worn on the body can affect 

accuracy and GPS does not provide data in underground locations and in urban canyons 

where tall buildings block satellite signals. Researchers have suggested combing GPS 

with accelerometers or logs to capture all aspects of physical activity. However, in large 

population-based studies, it is often unfeasible and cost-prohibitive to deploy 

sophisticated accelerometers and GPS devices. 

In addition to questionnaires, pedometers/accelerometers and GPS, diaries/logs 

have long been recognized as an important method for measuring and studying human 

behavior. Over the past decade, they have been used to assess physical activity (Atienza 

et al., 2006; Kanning et al., 2015; Westerterp, 2009). Diaries capture more detailed 

information than questionnaires by asking participants to record, concurrent with or 

within a day of activity, the origins, destinations, timing, type, and duration, frequency 

of physical activity and travel. Another advantage of diaries is that they are less 

expensive than accelerometers and GPS devices and thus enable more subjects to 

participate in a survey. However, as participants are generally asked to fill in diaries over 

a period of seven consecutive days, this procedure is burdensome for participants 

especially for older adults who are with visual impairment and with low levels of literacy. 

If tendencies for respondents to skip certain types of trips or activities increases due to 

burdensome logging, diary data might be biased. In light of this weakness, the delayed 

recall technique is the most practical and commonly used approach (Washburn & 

Montoye, 1986; Westerterp, 2009). While this method has been subject to recall bias, 

this problem can be overcome by improved recall procedures. For example, a guided 

memory technique in which interviewees are encouraged to visualize the location of a 

past event and to recall event-specific details has been shown to improve recalls of 

physical activity (Durante and Ainsworth, 1996; Johnson et al., 2000; Swan et al., 1997) 

Since research has demonstrated that physical activity has positive effects on many 

aspects of health, including physical, mental and social health (Stathi et al., 2002), a large 

number of studies focus on the effect of neighborhood environment on physical activity. 

They assume that if the neighborhood environment affects physical activity, it is 

reasonable to expect it to affect health and quality of life as well. As it is ultimately the 

overall dose of physical activity that confers benefit/detriment upon health (Haskell et 

al., 2007), irrespective of the domain/s in which it was accrued, most previous studies 

focus on the identifications of environmental attributes enabling health-enhancing levels 

of physical activity, which is accrued across all domains. For example, Shores et al. 

(2009) examined the effects of perceived access to recreational facilities on self-reported 

total physical activity levels of older adults. Results showed a positive relationship 

between older adults’ total physical activity levels and perceived access to recreational 

facilities. Mowen et al. (2007) reported a positive relationship between perceived 

presence of a park within walking distance and self-reported total physical activity levels. 
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Wilcox et al. (2003) found that perceived motorized traffic was negatively related to self-

reported total physical activity levels. However, the use of overall physical activity 

measures is considered problematic, because different domains of activity are related to 

different physical environmental characteristics and aggregating different physical 

activity domains might obscure relationships (Hoehner et al., 2005; Lee and Moudon, 

2006; Troped et al., 2003). 

Since the importance of using domain-specific behavior measures and examining 

behavior-specific environmental correlates has been proposed as an important direction 

for research (Giles-Corti et al., 2005), a number of recent studies have attempted to 

identify environmental correlates separately for leisure-time physical activity and for 

transport-related physical activity. Some studies focusing on physical activity for 

transportation suggest that the availability of or proximity to utilitarian destinations such 

as shops is an important predictor of this type of physical activity (McCormack et al., 

2008; Pikora et al., 2006). Others examining leisure-time physical activity have shown 

significant associations with neighborhood environmental attributes such as aesthetics 

and access to recreational facilities (Hoehner et al., 2005; Tsunoda et al., 2012; Van 

Cauwenberg et al., 2018). 

Physical activity has also extensively studied in relation to socio-demographic 

characteristics in order to identify inactive population in physical activity participation. 

For example, Al-Zalabani et al. (2015) found that females showed a higher prevalence 

of leisure-time physical inactivity compared to males. Pettersson and Schmöcker (2010) 

indicated that older elders tend to spend more time per day on the leisure-time activities 

than the average for younger elders. However, O’Hern and Oxley (2015) found that the 

proportion of walking trips for transport were significantly lower for older adults aged 

75+ compared with younger elders. Beenackers et al. (2012) systematically reviewed the 

evidence pertaining to socioeconomic inequalities in different domains of physical 

activity. They concluded that those with a high socioeconomic position were more 

physically active during leisure-time compared to those with a low socioeconomic 

position, while socioeconomic differences in transport physical activity did not show a 

consistent pattern. Nyunt et al. (2015) reported that older adults with better physical 

performances are more likely to have a higher level of transportation physical activity. 

Menai et al. (2015) concluded that having a child under fourteen at home was negatively 

associated with walking for leisure but positively with walking for transport. 

2.5 Neighborhood environment 

The neighborhood environment refers to the physical and social neighborhood 

characteristics that particularly affect older adults’ lives, as they are more dependent on 

their neighborhoods due to aging-related functional and mobility challenges (Carlson et 
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al., 2012). The physical environment is defined in terms of built or natural elements of 

neighborhood environments. In order to help identify and structure the types of variables 

defining environments for human behavior such as walking and bicycling, a behavioral 

model of environments has been proposed by Moudon and Lee  (2003). The model 

consists of three components of the physical environment: origin/destination, route and 

area. A growing body of research has been investigating the effect of the built 

environment on physical activity and health outcomes. The built environment includes 

all elements of the physical environment that are created, transformed, or organized by 

humans, such as different land uses, transportation systems, and designs. The social 

environment in the context of physical activity refers to the influence that friends and 

family can have on an individual’s physical activity (Clark and Scott, 2013). 

To understand the impact of the neighborhood environment on physical activity 

and health, the development of high-quality measures is essential. Three categories of 

built environment data are being used: (1) perceived measures obtained by telephone 

interview or self-administered questionnaires; (2) observational measures obtained using 

systematic observational methods (audits); and (3) archival data sets that are often 

layered and analyzed with geographic information system (GIS). 

Objective assessments of the built environment have relied on field audits by 

trained surveyors and GIS (e.g., Lee et al., 2017; Nyunt et al., 2015). Some studies have 

examined physical activity behavior or health outcomes in relation to objectively-

measured built environment attributes. The review by Brownson et al., (2009) details the 

four most common objective measures of the built environment that influence walking: 

population density, land-use mix, street connectivity and sidewalk availability. The 

review also discussed composite measures developed to summarize different physical 

environment variables using a single index. These indices, referred to in the literature as 

walkability indices, combine multiple components of the physical environment into a 

single variable that is then used to evaluate how the physical environment impacts 

walking. However, the use of a composite measure such as “walkability” fails to reveal 

the specific features of the built environment that are related to physical activity or health 

outcomes. To facilitate translation into practice, it will be necessary to investigate built 

environment attributes that are specific and modifiable. 

In addition to objective environment measures, a great number of researchers have 

examined the relationship between physical activity behavior or health outcomes and 

perceived environment attributes. The motivation for such work is the argument that 

subjective evaluations of neighborhood characteristics are more important in explaining 

physical activity behavior than objective measures, because two individuals in the same 

environment may perceive it differently and thus the same environment may offer 

different opportunities and pose different levels of difficulty for different people. 
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Subjective measures of neighborhood characteristics have been commonly assessed via 

surveys asking about residents’ perceptions of the neighborhood. Many instruments have 

been developed to measure the perceived built environment. One of the most commonly 

used instrument is the Neighborhood environment walkability scale (NEWS) (Saelens et 

al., 2003). This measure assesses several environmental characteristics: (1) residential 

density; (2) proximity to, and ease of access to, nonresidential land uses, such as 

restaurants and retail stores (land use mix–diversity and land use mix–access); (3) street 

connectivity; (4) walking/cycling facilities, such as sidewalks and pedestrian/bike trails; 

(5) aesthetics; (6) traffic safety; and (7) crime safety. In a recent meta-analysis (Barnett 

et al., 2017), positive associations were observed between physical activity and several 

variables, including access to parks/public open space, shops/commercial destinations, 

aesthetically pleasing scenery and safety from crime. 

While the physical environment seems to remain the primary focus for most 

researchers in neighborhood environment and physical activity research, more research 

has realized the importance of social environment and started to examine how the social 

environment influences physical activity and health or quality of life. From studies on 

the neighborhood environment and physical activity or health, we identified four 

components of the social environment: social support, role models, neighborhood social 

capital, and social cohesion.  

The first social environment component is social support, which has been broadly 

defined as resources provided by other persons (Cohen and Syme, 1985). Physical 

activity companionship and encouragement are two common indicators of social support 

in regards to physical activity participation. Physical activity companionship refers to 

participation in physical activity with other people rather than engagement in physical 

activity alone. Many studies in the physical activity literature have found the positive 

effects of companionship on physical activity engagement (e.g., Cleland et al., 2010; 

Giles-Corti and Donovan, 2002; Harley et al., 2009). Encouragement occurs when 

family, friends, or other acquaintances complement improved physical appearance that 

results from exercise (Booth et al., 2000) or when positive feedback is given regarding 

participation in physical activity (Cleland et al., 2010; Hohepa et al., 2007). Previous 

studies have found that encouragement can significantly increase physical activity 

participation (Cleland et al., 2010; Hohepa et al., 2007). 

The second component of the social environment is role model. Role models are 

people who participate in physical activity and whose own participation encourages 

others to become involved. There are many types of role models and they all play a part 

in increasing participation. Role models can be people close to the person such as friends, 

family, and co-workers; or they can be strangers. Past work has found that observing the 

physical activity behavior of role models can help individuals learn about physical 
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activity and increase participation in physical activity (Booth et al., 2000; Giles-Corti 

and Donovan, 2002; Harley et al., 2009; Ståhl et al., 2001). 

The third component of the social environment is neighborhood social capital. 

Broadly speaking, the term “social capital” refers to the resources available by virtue of 

membership of social networks (Bourdieu, 1986). According to Petersen et al. (2012), 

social capital can provide people with emotional support and resources for dealing with 

stressful life events, and thus it has been considered to be associated with health. Social 

capital can also influence physical activity through social support. Neighbors that trust 

one another are more likely to provide help and support in time of need. Instrumental 

support, such as money to purchase appropriate walking shoes, could influence access to 

health-promoting services and physical activity participation. Past research has 

demonstrated that social capital is correlated with health status (Kim and Kawachi, 2007; 

Lindström, 2004) and physical activity (Legh-Jones and Moore, 2012; Ueshima et al., 

2010). 

The final social environment component is neighborhood social cohesion. The 

social cohesion of a neighborhood is determined by the extent to which a neighborhood 

is socially interconnected. Compared to social capital, the emphasis of social cohesion is 

on the quality of social interactions that occur in a neighborhood, rather than the 

resources gained through those interactions. Mendes De Leon et al. (2009) found that 

older adults living in more cohesive neighborhoods are more likely to walk for exercise. 

We highlight the differences between these four components of the social 

environment, but we acknowledge these components at times overlap. For example, 

social capital overlaps social support and social cohesion to some extent. To measure the 

social environment in terms of these four components, various scales have been used, 

each with a different emphasis. For example, according to Carpiano and Hystad (2011), 

local community social capital is measured by asking respondents to report the total 

number of close friends whom they feel at ease with, can talk to about what is on your 

mind, or call on for help in their local community on a four-point scale (None, 1-5, 6-10, 

and over 10). However, according to Grootaert et al. (2004), social capital is assessed 

using a list of 20 questions with six components (being married or cohabiting, social 

action, sociability, trust and solidarity, safety and civic engagement). 

2.6 Conclusions 

This chapter reviewed the existing literature on neighborhood environment, physical 

activity, and health as well as quality of life studies. Although a rapidly growing number 

of research has examined the relationship between neighborhood characteristics and 

physical activity, health as well as quality of life, this area of research has been limited 
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in several important ways. First, most of the studies examining the relationship between 

neighborhood characteristics and physical activity have used a generalized physical 

activity measure such as total physical activity or total walking measured via electronic 

monitoring (e.g., accelerometer and pedometers) or self-report. This means that all 

specific aspects of physical activity behavior such as the type, duration and frequency of 

physical activity have been ignored and thus previous research has been unclear about 

the relationships between individual decisions regarding physical activity types, duration 

and frequency and neighborhood environments. Individual decisions in terms of physical 

activity types, duration and frequency play important roles in shaping their physical 

activity participation patterns. In order to create environments that support different 

physical activity patterns of older adults, a thorough investigation of the relationships 

between specific aspects of physical activity behavior and neighborhood environments 

is needed. 

Second, although physical activity is assumed to be an important pathway 

connecting environments with health and quality of life, existing knowledge has often 

been based on bivariate relationships between these factors, and few studies have 

formally examined the extent to which any association between environments, health 

and quality of life may be mediated by the level of physical activity (Hartig et al., 2014). 

Moreover, these few studies showed different findings. For example, Sugiyama et al. 

(2008) concluded that physical activity is an important mediator in the relationship 

between neighborhood environments and health, whereas others (e.g., De Vries et al., 

2013; Maas et al., 2008) did not find the mediating role of physical activity. Therefore, 

the understanding of the relationships between neighborhood characteristics, physical 

activity, health and quality of life requires more scientific evidence. 

Third, much of the research on this topic has been undertaken in Western countries, 

such as United States, Europe and Australia, while studies focusing on older adults in 

Asia, especially in China, are scant. Different regions or countries tend to have different 

cultures and people from different cultural backgrounds tend to have different 

preferences for outdoor leisure activities. For instance, traditional Chinese leisure culture 

has heavily affected the attitudes and behaviors of leisure activity of Chinese people 

(Feng, 2017). They have a higher preference for participation in playing mahjong/chess, 

Tai Chi, Qigong or line dancing, while Whites in the US are more likely to participate in 

physical exercise such as running, jogging or walking (Sasidharan et al.,  2005; Liu et 

al., 2008). These differences in preferences toward leisure activities may in turn cause 

different demands for environmental supportiveness. Thus, findings on the relationships 

between neighborhood characteristics and physical activity in older adults based on data 

from Western countries may not be applicable to Asian countries such as China. 
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In summary, the current study aims to build on the limitations of past research that 

were described above. Specifically, its purpose was to examine the influence of 

neighborhood characteristics on several specific aspects of physical activity behavior and 

the direct and indirect relationships between neighborhood characteristics, physical 

activity, health and quality of life simultaneously, based on data collected in the Chinese 

context. A better understanding of how neighborhood characteristics influence the 

specific aspects of physical activity behavior, health and quality of life of older adults, 

have important implications for health professionals, urban planners and policy makers 

who focus on creating livable and healthy neighborhoods for the aging population and 

maintaining or promoting health and quality of life.
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3 
Conceptual Framework 

3.1 Introduction 

This chapter presents a conceptual framework for understanding how neighborhood 

environments may influence specific aspects of physical activity behavior, physical 

activity levels, health and quality of life of older adults, taking into account socio-

demographic characteristics. The conceptual framework is drawn on previous empirical 

studies and two theoretical frameworks: the ecological model and the random utility 

framework. 

The chapter is organized as follows. First, the basic theoretical frameworks used in 

this study, namely, ecological model and the random utility framework will be discussed. 

Built on the empirical studies discussed in the previous chapter and the existing theories 

discussed in the previous section, the next section offers a detailed conceptual framework 

about how the neighborhood environment may influence physical activity, health and 

quality of life of older adults. The chapter will end with a discussion of the proposed 

conceptual framework and some conclusions.  

3.2 The theoretical context 

This section reviews the literature on theoretical frameworks in studying physical 

activity, including walking and biking. The main theoretical framework used in physical 

activity research have been the ecological model and random utility-maximizing 

framework. 
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Ecological models have been used widely in physical activity studies in the public 

health field. Ecological models reflect Bronfenbrenner’s human ecology theory 

(Bronfenbrenner, 1979), where the individual is located within nested ecological 

systems. Ecological models thus assume that various factors such as individual and 

household characteristics, social and physical environments are correlated with physical 

activity (Giles-Corti and Donovan, 2002; Sallis et al., 1997). Ecological models are 

distinguished by their explicit inclusion of sociodemographic and environmental 

variables that are expected to influence behavior (Sallis et al., 2006). However, 

ecological models lack specificity about the complexity of physical activity behavior 

resulting from multifaceted activity scheduling decisions. As a result, it seems many 

studies, based on the ecological models, hypothesized that environmental characteristics 

are directly related to people’s physical activity levels (e.g., Wilcox et al., 2000; 

Kaczynski et al., 2008; Clark and Scott, 2013). Less attention has been paid to 

investigations of specific dimensions of physical activity behavior, for example, physical 

activity type choice, which is actually a mediator connecting the environmental 

characteristics and physical activity levels. 

Random utility-maximizing framework has been used primarily for understanding 

the influence of environment characteristics on the choice of active travel (walking or 

cycling) in the transportation field (e.g., Kemperman and Timmermans, 2009; Su et al., 

2009) . Random utility-maximizing framework assumes that human decision making is 

based on the utility maximization principle (Koenig, 1980). In other words, for each 

choice situation a decision maker will choose the alternative with the highest utility. For 

example, one would assume that people would be more likely to walk if walking became 

more pleasant, safer or if alternatives to walking became more costly or more difficult. 

As the way the utility-maximizing framework is applied in modeling travel behavior, 

physical activities such as walking for leisure, jogging and dancing, et cetera, have 

health, exercise and relaxation utilities, and thus could be included in the utility 

framework (TRB, 2005; Lin et al., 2015). Random utility-maximizing framework is 

useful in understanding the physical activity type choice that forms the skeleton of 

physical activity patterns and then determines physical activity levels. However, random 

utility-maximizing framework does not provide sufficiently detailed conceptual tools for 

measurement of potential environmental factors associated with physical activity.  

As indicated by a special report from Transportation Research Board (2005), an 

integrated model combing theoretical components of ecological models and random 

utility-maximizing framework is needed for a more rigorous understanding of the 

relationship between the environmental characteristics and physical activity. Thus, both 

ecological and random utility-maximizing framework are used to guide this study. 
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3.3 Conceptual framework 

Based on the review on fundamental theories and empirical studies, we came up with a 

comprehensive conceptual framework (Figure 3.1) that integrates the environment into 

the wider decision making process around physical activity behavior in terms of the 

choices of activity type, activity duration and activity frequency and depicts the direct 

and indirect relationships between neighborhood environment and physical activity, 

health as well as quality of life of older adults, taking into account socio-demographic 

characteristics. Specifically, Figure 3.1 portrays how the neighborhood environment 

influences the choice of physical activity type, how the neighborhood environment 

coupled with activity contexts influence activity duration, how the neighborhood 

environment influences physical activity frequency, how physical activity patterns are 

associated with physical activity levels, how the neighborhood environment influences 

health and quality of life directly and indirectly through domain-specific physical activity 

levels, taking into account socio-demographics. 

It is likely that individuals’ decision regarding activity engagement determines the 

way through which they accumulate their weekly physical activity levels. For example, 

some might achieve higher levels of physical activity mainly through participation in 

leisure-time physical activities, while others participated more in transport-related 

physical activities to accumulate their weekly physical activity levels. The red links in 

the Figure 3.1 show that the neighborhood environment and socio-demographic 

characteristics may influence physical activity patterns in terms of physical activity 

types. These links will be examined in Chapter 5. It is hypothesized that older elders are 

more likely to engage in leisure-time physical activities because they have more leisure 

time than younger elders. It is also expected that older adults who live with grandchildren 

under 12 are more likely to participate in transport-related physical activity because they 

usually take up the responsibility of grandchildren care such as escorting grandchildren 

to and from school.  

The green links show that the socio-demographics and neighborhood environment 

coupled with activity contexts may have effects on the duration of specific physical 

activity at the activity episode level. The differences in the duration of specific physical 

activity would then contribute to the variation in physical activity levels among 

individuals. The relationships between socio-demographics, neighborhood 

characteristics, activity contexts and the duration of specific physical activity will be 

examined in Chapter 6. It is hypothesized that older elders tend to have shorter walking 

durations because they are more likely to feel physically fatigue from long duration 

walking. It is also hypothesized that attributes of neighborhood and route will be 

important in influencing older adults’ decisions regarding whether or not to walk for 

longer durations in the neighborhood.  
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Figure 3.1 Conceptual framework 

Note: TPA = transport-related physical activity; LTPA = leisure time physical activity 

The individual socio-demographic characteristics and neighborhood environment 

may influence the duration and frequency of physical activity in different ways. Those 

factors having no effects on the duration may be associated with the frequency of 

physical activity. The blue links indicate that the socio-demographic and neighborhood 

environment may have effects on the frequency of physical activity at the activity 

category level which explains the variation in physical activity levels among individuals 

within a subgroup who do participate in a certain type of physical activity. The 

relationships between socio-demographic characteristics, neighborhood environment 

and the frequency of a certain type of physical activity, controlling for the frequency of 
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participation in other activities, will be examined in Chapter 7. It is hypothesized that the 

attributes of destination such as accessibility to local shops may lead to a higher 

frequency of participation in shopping activities by walking for those who do participate 

in shopping activities. The attributes of neighborhood such as aesthetics is an important 

attraction for people to go out for leisure or social interactions and thus is expected to be 

associated with the frequency of participation in leisure physical activities. The 

neighborhood social environment attributes such as social capital as resources embedded 

in a social structure which provides companionship and social support for physical 

activity and thus people are more likely to be more physically active. In addition, older 

adults living with grandchildren are expected to be associated with the frequency of 

participation in utilitarian activities. Older elders are expected to relate to the probability 

of non-participation in utilitarian activities. 

In addition to the relationships between the neighborhood environment and 

physical activity in terms of activity type, duration and frequency, there is also one in 

terms of patterns. The combinations of the type, duration and frequency of physical 

activity might suggest several distinct and typical physical activity patterns, which are 

associated with individual and neighborhood characteristics and explain the variation in 

physical activity levels among subgroups of individuals. A systematic analysis of the 

diverse aspects of physical activity simultaneously (the identification of patterns of 

physical activity) could provide an improved understanding of the interplay among 

activities, and the relationship between activity duration and frequency, in relation to 

individual and neighborhood characteristics and their potential effects on total physical 

activity levels. The yellow links will be examined in Chapter 8. It is hypothesized that 

distinct patterns exist among Chinese older adults in their weekly outdoor activity 

participation and these patterns of outdoor activity participation relate to overall outdoor 

physical activity levels. Older elders with low socioeconomic status are more likely to 

have a less active activity pattern. Older adults living with grandchildren are more likely 

to have a utilitarian activity pattern. It is also likely that older adults who are satisfied 

with neighborhood environment are willing to participate more in outdoor leisure-time 

physical activities. 

The framework also indicates the direct and indirect relationships between 

neighborhood environment, socio-demographic characteristics, physical activity levels, 

health and quality of life. These direct and indirect relationships will be examined 

simultaneously at the individual level in Chapter 9. It is hypothesized that different 

neighborhood environmental attributes may affect health and quality of life through their 

effects on the levels of domain-specific physical activities such as transport-related 

physical activity (TPA) and leisure-time physical activity (LTPA) separately. It is also 

expected that health may play a mediating role in the relation between neighborhood 

environment and quality of life. 



Chapter 3 

24 

3.4 Conclusions 

Physical activity, health and quality of life are widely considered as important parts of 

healthy aging. Thus, it should be one of the ultimate goals when planning and designing 

neighborhoods and cities. Previous theories do not explain sufficiently and 

systematically how neighborhood environment influences physical activity, health and 

quality of life. Relevant empirical studies also do not offer enough support and 

explanations of casual relationships because they do not consider appropriate mediating 

variables. Moreover, most studies often neglect to include in their analyses certain 

neighborhood characteristics that can be very influential on physical activity, health and 

quality of life. In addition, there is a lack of a more comprehensive framework acting as 

a guide for simultaneously examining the direct and indirect relationships between 

neighborhood environment, physical activity, and health as well as quality life. 

This thesis develops and presents a conceptual framework that explains how 

neighborhood characteristics may influence physical activity, health and quality of life. 

The proposed framework is different from previous frameworks in the literature in 

several important ways. First, instead of simply focusing on the direct correlation 

between neighborhood environment and physical activity levels, it integrates the 

neighborhood environment into the wider decision making process around specific 

aspects of physical activity behavior such as frequency and duration choices, thus, it 

allows to unveil the underlying mechanisms that mediate the relationship between 

neighborhood characteristics and physical activity levels. Second, apart from 

highlighting the multi-level (individual, social and physical environmental) influences 

on behavior and health in line with the social ecological model, the new framework also 

has organized classes of variables characterizing the three components of the physical 

environment for promoting physical activity, health and quality of life: characteristics of 

the neighborhood, destination and route environment. It helps sample the full range of 

physical environmental factors, thus promoting a better understanding the neighborhood 

physical environment associated with physical activity, health and quality of life and 

complementing the social ecological approach. Third, the new framework highlights the 

physical activity pattern that a subgroup of older adults may share and its relation to 

neighborhood characteristics and physical activity levels. An understanding of physical 

activity patterns may help to determine the health benefits of different patterns of 

physical activity and tailor interventions more personally. Fourth, the new framework 

allows for the fact that the influence of neighborhood characteristics on health and quality 

of life through different domains of physical activity may be different. Finally, this 

framework considers physical activities at the episode level. Thus, it allows 

consideration of activity episode level factors influencing physical activity behavior such 

as timing and location of physical activities, etc. 
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In this thesis, the relationships visualized in the theoretical framework will be 

analyzed in the Chinese context. The next chapter presents the design and the execution 

of the data collection for this study.  
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4 
Data Collection 

4.1 Introduction 

The analysis of the relationships between personal characteristics, attributes of the 

neighborhood built and social environment, and outdoor physical activity behaviors, 

requires collecting data on all four of these sets of variables. For this purpose a data 

collection instrument was designed. The instrument consists of three parts: a 

questionnaire on personal characteristics, a structured interviewer-administered 

questionnaire on weekly physical activity, and a following questionnaire on perception 

of neighborhood built and social environment. Following the survey, objective features 

of the built environment were measured using ArcGIS combined with Google Map. The 

next sections discuss these three data collection instruments, and objective built 

environment measures, followed by a description of the study area and actual data 

collection in section 4.5. 

4.2 Questionnaire on personal characteristics 

Based on findings from the literature, the following socio-demographic variables were 

collected: age, gender, employment status, education level, household size, and income 

level. In addition, each participant’s physical capability, health status, and quality of life 

were assessed. To measure physical capability, respondents were asked to respond (not 

at all; a little; a moderate amount; very much; an extreme amount) to the following 

question: “To what extent has your functional capability hindered you from engaging in 

physical activity”. To measure health, we used a five-point scale response to the question: 

“How would you describe your present health status?” The answers ranged from very 

poor (1) to very good (5). To measure quality of life, respondents were asked to respond 
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(very poor; poor; neither poor nor good; good; very good) to the following question: 

“How would you rate your overall quality of life?” 

4.3 Physical activity questionnaire 

To measure routine outdoor activity behavior, an interviewer-administered 

questionnaire involving 7-day recall was used. Figure 4.1 displays in more detail how 

respondents’ weekly activity-travel information was collected. Firstly, respondents were 

asked to think of their typical week as a continuous series of scenes or episodes in a film 

and select all the habitual outdoor activities that are conducted in a typical week. As 

habitual activities are routinely conducted with some degree of regularity, the recall data 

will not be severely biased. Secondly, they were promoted to provide detailed 

information on each activity episode: start time, origin, destination, travel mode, route 

names or bus number if travelling by bus, trip duration and activity duration. Then, 

respondents were asked to indicate whether they always go back home after the activity. 

If yes, they need to provide the trip information: time, origin, destination, travel mode, 

route names or bus number if travelling by bus, trip duration; if no, provide the same 

relevant information on the subsequent activity they performed as the first activity 

episode and then provide the trip-back-home information until there is no additional 

activity during a single tour. Thirdly, the frequency of each home-based tour and the 

day(s) of the week when it is conducted were solicited. Considering the situation that 

respondents sometimes may conduct the same activity at a different destination or start 

at a different time, et cetera, the detailed activity-travel information on the same activity 

type under another spatial-temporal context is also needed to be specified. If no, they 

will be guided to answer the same questions about the next activity type; if yes, they need 

to provide the detailed activity-travel information on the same activity type under other 

spatial-temporal context. Due to the complexity of the above situation, respondents may 

provide unrealistic responses. To enhance the reliability of the provided data, they only 

needed to recall activity episodes conducted at least once in a typical week, which means 

those incidental activity episodes conducted at a different location or started at a different 

time will not be taken into account. The same procedure will be repeated and the same 

questions will be asked for all activity types. 

The level of an activity episode was estimated in metabolic equivalent (MET)-

minutes. A MET-minute is computed by multiplying the MET value of an activity by the 

minutes conducted. The MET value which is an indicator of energy expenditure, is 

frequently used to indicate the intensity of an activity. The specific MET values of a list 

of activities can be found in the compendium of physical activities (Ainsworth et al., 

2011). When calculating the level of an activity episode, any walking for transport should 

be defined as an individual activity episode to separate from other activities. The physical 
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activity level (PAL) for the ith activity episode, PALi, for i, i = 1, 2, 3, …, for a given 

participant was computed as: 

PALi= [activity intensity for ith activity (MET values)] × [duration of ith activity 

(minutes)] 

The total weekly physical activity level (TPAL) was then obtained as the sum of 

the participant’s PALi, that is, TPAL = (PAL1 + PAL2 + PAL3 + …). It should be noted, 

according to the global recommendations on physical activity for health (WHO, 2010), 

that the above calculation excluded sedentary and light-intensity activities (1.1 to 2.9 

METs) and all activity episodes performed for less than 10 minutes, and then the TPAL 

could be used to identify individuals who meet this criteria. 

Figure 4.1 Flowchart for collecting weekly outdoor activity-travel information 

Recall and select habitual 

activities 
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Get alternative 
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No 
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activity 
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4.4 Questionnaire on neighborhood characteristics 

A following questionnaire was used to ask participants to evaluate their local living area 

by responding to questions concerning various environmental characteristics. The 

subscales employed in this study include the following: accessibility to local shops, 

footpath conditions, neighborhood aesthetics, traffic safety, crime safety, social capital 

and social cohesion. To measure accessibility to local shops, respondents were asked to 

report their perceived distance to their most known or frequently visited shopping place 

using the duration in minutes. Regarding footpath conditions, neighborhood aesthetics, 

traffic safety and crime safety, respondents were asked to indicate their degree of 

satisfaction with each one on a five point Likert scale. To measure social capital and 

social cohesion, the following questions were used: a) How many people in your 

neighborhood do you know well enough to talk with (five categories from very few to 

quite a lot); b) How do you rate the social relations with your neighbors (five categories 

from very poor to very good). 

4.5 Objective measures of neighborhood characteristics 

Objective built environmental characteristics will be measured through GIS combined 

with Baidu Map, a leading Chinese online map provider. Firstly, in the initial 

considerations of candidate environmental variables, the research used a Behavioral 

Model of Environment (BME) which serves to conceptualize and operationalize 

environmental factors and their relationships (Moudon and Lee, 2004). The BME 

consists of three spatial constructs associated with activity-travel behaviors: the origin 

and destination of trips, the area characteristics around the origin and destination, and 

the characteristics of the route connecting the origin and destination. Secondly, Baidu 

Map and GIS were used to take all objective environmental measurements. Distance 

measures contained distance to the nearest establishment of each type. All distance 

measures were taken using network distances. Area characteristics were measured within 

a buffer using a great amount of variables such as net residential density, street density, 

and land use mix. All the buffer measures were taken within a 1-km network buffer 

around homes. The buffer distance of 1 km was determined on the basis of previous 

studies showing that older people tend to conduct activities around their immediate 

neighborhoods and 1 km was a commonly reported distance that people do and are 

willing to walk (Moudon et al., 2006; WHO, 2011).  
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4.6 Study area and sampling 

The data were collected in five main urban districts, namely Zhongshan District, Xigang 

District, Shahekou District, Ganjingzi District, Gaoxinyuan District, in Dalian, which is 

a sub-provincial city and located in the northeast of China. Dalian is also a high-density, 

mixed-use city with a built-up area of 396 km2 and a population of 3.05 million (Dalian 

Bureau of Statistics, 2016), which is different from many low-density cities in Western 

countries. The area of park green space and neighborhood green space were 30.4 km2 

and 20.4 km2 respectively ( Yang et al., 2017). In the three agglomerations, there are 

many cities with similar urbanization levels and urban (neighborhood) characteristics to 

Dalian (National Bureau of Statistics of China, 2010). Thus the research findings in 

Dalian might be typical and informative of the type of cities. 

In total, 51 neighborhoods were located in Zhongshan District, 46 neighborhoods 

in Xigang District, 89 neighborhoods in Shahekou District, 166 neighborhoods in 

Ganjingzi District and 24 neighborhoods in Gaoxinyuan District. From the five urban 

districts, 129 neighborhoods were selected using population proportional to size. In order 

to have variation with respect to the living environment, we also considered an even 

geographic distribution of the study sites. The study neighborhoods should be selected 

from three location categories, namely, the inner city, the fringe of the city and the area 

between the inner city and the fringe. 

The study sample aged 60 or over was then selected from the 129 neighborhoods 

and approached by an interviewer. A pilot survey preceded the main survey in order to 

detect and correct different problems of the questionnaire and its administration. Five 

assistants from Dalian university of Technology were recruited and trained to administer 

the survey. Two different strategies were employed to gain responses from a wide range 

of older people. For the first strategy, we interviewed 63 older people from neighborhood 

parks and 102 older people on public squares across the study areas to reflect the 

geographical diversity of the population. As respondents were chosen from each area, so 

they were diverse in geographic location, socio-economic status, and old/new 

neighborhoods. The second strategy targeted older people engaging in activities at 

courtyards or around residential buildings, who are thought to be less physically active. 

It was thought highly important to obtain data from people who do not get outdoors often 

because such people constitute a considerable proportion in the older population. 226 

older people from these places were interviewed. Between August and September 2017 

a total of 391 surveys were completed, out of which 364 are suitable for the analyses. 

Figure 4.2 displays the map showing the geocoded locations of the sampled respondents. 
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Figure 4.2 Location of study area and the sampled respondents 

4.7 Sample characteristics 

The basic socio-demographic characteristics are presented in Table 4.1. The results show 

that the sample is almost equally divided by gender. The average age of the respondents 

is about 72 years. Regarding education level, the results indicate that 32.8% of the 

respondents have primary education or lower and 49.0% have middle to high school level 

education, while only 18.2% possess a college/university level education. The sample is 

roughly evenly distributed over the four classes of income level. More than half (59.0%) 

of the respondents have no physical limitation, and 31.7% perceive their physical 

limitation as light or moderate. Only a small percentage of the respondents (9.4%) are 

severely physically challenged. Households with no grandchildren make up 80.4% of the 

sample, while 19.6% lives with grandchildren. 

Table 4.1 Sample characteristics (N=363) 

Variable Levels N % 

Socio-demographics 

Gender  Male 173 47.7 

Female 190 52.3 

Age  71.7 (Mean) 7.67 (SD) 
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Education level Primary school or lower 119 32.8 

Middle school 106 29.2 

High school 72 19.8 

College/university 66 18.2 

Income level 0 ≤ 2000 Chinese Yuan 88 24.2 

2001 ≤ 3000 Chinese Yuan 111 30.6 

3001 ≤ 4000 Chinese Yuan 62 17.1 

4000+ Chinese Yuan 102 27.1 

Physical limitation Not at all 214 59.0 

A little 59 16.3 

A moderate amount 56 15.4 

Very much 34 9.4 

Household composition With grandchildren ≤  12 

years 

71 19.6 

No grandchildren ≤ 12 years 292 80.4 

Built environmental 

characteristics 

Accessibility to local 

shops 

0-5 min 134 36.9 

6-10 min 133 36.6 

11-15 min 41 11.3 

Over 15 min 55 15.2 

Distance to the nearest 

park (meters) 

1480.8 

(Mean) 

1083.8 

(SD) 

Footpath conditions Very dissatisfied/dissatisfied 19 5.2 

Neither  36 9.9 

Satisfied  107 29.5 

Very satisfied 201 55.4 

Neighborhood 

aesthetics 

Very dissatisfied/dissatisfied 84 23.1 

Neither  107 29.5 

Satisfied  103 28.4 

Very satisfied 69 19.0 

Safety from traffic Very dissatisfied/dissatisfied 116 32.0 

Neither  74 20.4 

Satisfied  123 33.9 

Very satisfied 50 13.8 

Street density (km/km2) 16.94 

(Mean) 

3.01 (SD) 

Land use mix 0.48 (Mean) 0.16 (SD) 

Social environmental 

characteristics 

Social capital Very few/a few 70 19.3 

Neither  144 39.7 

A lot 67 18.5 

Quite a lot 82 22.6 

Social cohesion Very poor/poor 7 1.9 
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 Fair 88 24.2 

 good 130 35.8 

 Very good 138 38.0 

Safety from crime Very dissatisfied/dissatisfied  24 6.6 

 Neither  82 22.6 

 Satisfied  181 49.9 

 Very satisfied 76 20.9 

With respect to the characteristics of neighborhood environment, Table 1 shows 

that the majority of respondents (84.8%) perceive accessibility to local shops as within 

15 minutes, whereas 15.2% perceive it as over 15 minutes. The average distance to the 

nearest park is 1480 meters. Only 5.2% of the sample is dissatisfied with the footpath 

conditions and 23.1% is dissatisfied with neighborhood aesthetics. The street density and 

land use mix within a household’s 1-km network buffer are 16.94 km/km2 and 0.48 

separately. 32.0% is dissatisfied with safety from traffic and 6.6% is dissatisfied with 

safety from crime. Regarding social capital, the results show that 19.3% rates that they 

have very few or a few friends or neighbors in their neighborhood whom they know well 

enough to talk with. Only a slight percentage of respondents (1.9%) rate their social 

relations with neighbors as poor or very poor. 

4.8 Conclusions 

This chapter has presented a data collection effort to capture the relationships between 

neighborhood environment and various aspects of physical activity behavior, health as 

well as quality of life. The data collection instruments consist of a structured interviewer-

administered questionnaire on weekly physical activity. Compared to the regular 

physical activity questionnaire, more detailed information about the physical activity 

behavior such as activity type, start time, origin, destination, travel mode, route names 

or bus number if travelling by bus, trip duration, activity duration and frequency was 

gathered in this questionnaire. Personal characteristics of the respondents including their 

socio-demographics and perceived health status and quality of life were collected in a 

questionnaire. A following questionnaire was designed to capture respondents’ 

perception of neighborhood built and social environment. Moreover, several objective 

neighborhood characteristics were measured. 

 The data collection effort presented here should allow improving our understanding 

of the relationships between neighborhood environment and various aspects of physical 

activity behavior, health as well as quality of life. 

 In order to assure sufficient variation in built environment characteristics, 

participants were selected from different activity locations. A pilot test was done before 

the formal distribution of questionnaires to refine the draft questionnaire. The final 
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response rate was relatively high, probably as a consequence of personal approach. The 

data quality was satisfactory and statistical analysis manifested a certain variance. 
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5 
Heterogeneity in 

Patterns of Types of 
Physical Activity 

5.1 Introduction 

Physical inactivity is more prevalent among older adults than any other age group (Souza 

et al., 2015; Murtagh et al., 2015; Watson et al., 2016). This lack of physical activity puts 

them at increased risk of developing numerous chronic diseases (Chodzko-Zajko et al., 

2009). Participation in leisure physical activities (e.g., Annear et al., 2009; Leitner and 

Leitner, 2012) and transport-related physical activities (e.g., Sallis, 2003; Haselwandter 

et al., 2015) are generally viewed as two main options for increasing overall physical 

activity levels of older adults. In order to promote physical activity among older adults 

through environmental interventions, a number of studies have examined how 

neighborhood characteristics influence physical activity. Some researchers focused on 

the relationship between neighborhood characteristics and leisure physical activities 

(e.g., Michael et al., 2006; Sung et al., 2013; Gaikwad and Shinde, 2019), while others 

explored the effects of neighborhood characteristics on transport-related physical 

activities, i.e., the choice of active transportation modes (e.g., Chudyk et al., 2015; 

Barnes et al., 2016; Boakye-Dankwa et al., 2019). Although the majority of previous 

studies have demonstrated that different domains of physical activity have different 

environmental determinants, limited attempts have been made to investigate 

heterogeneity in older people’s propensity for participation in leisure and transport-

related physical activities. Here the propensity refers to individuals’ probability to 
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participate in certain physical activities conditional on their socio-demographics and 

neighborhood characteristics. Suppose that older adults’ socio-demographic 

characteristics have no influence on their physical activity participation propensity. 

Because it has been demonstrated that overall access to services is positively associated 

with older adults’ active travel (Cerin et al., 2017) and access to parks positively relates 

to leisure physical activity of older adults (Van Cauwenberg et al., 2018), policy makers 

and planners, if it is an either/or situation, can choose to intervene in either access to 

services or access to parks and then to promote more physical activity among older 

adults. In other words, there is no need to prioritize between leisure physical activity 

oriented and transport-related physical activity oriented environmental interventions. 

However, if a majority of older adults in a neighborhood are more likely to engage in 

walking for utilitarian purposes such as bringing grandchildren to school rather than 

leisure physical activities due to the effects of socio-demographics such as the presence 

of grandchildren in the household, giving a priority to the improvements of accessibility 

to parks will not be a better environmental intervention strategy, as it might be less 

effective in promoting leisure physical activity and then increasing the total physical 

activity of older adults. Therefore, more attention to heterogeneity in older people’s 

propensity for participation in leisure and transport-related physical activities is required 

so that urban planners and designers could better target and prioritize appropriate built-

environment interventions. 

Few studies have attempted to identify segments of older adults showing 

differences in their propensity for participation in specific leisure physical activities. 

Different age groups generally prefer different types of public open space to perform 

their leisure physical activities. For example, if older people prefer walking, they may 

tend to use linear places such as streets or trails, while those who engage in dancing or 

Tai chi more often may prefer a square. In addition, if they prefer to perform multi leisure 

activities during a single trip, a park which contains various types of activity areas and 

is supportive of chain multi activities may be more favorable. For effective 

environmental interventions, more insight is therefore needed into leisure physical 

activity patterns of the aging population. Specifically, exploring heterogeneity in older 

people’s propensity for participation in various leisure physical activities will help urban 

designers and landscape architects to prioritize certain types of public open space that 

targets specific leisure physical activity behavior and segments of the population in a 

neighborhood. 

The objective of this study is to analyze the diversity of participation in various 

types of physical activities and to determine the relationship between physical activity 

participation patterns, and socio-demographics and characteristics of neighborhood 

environment. The central research questions are: (1) Do different segments of older 

people show significant differences in their propensity for participation in leisure and 
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transport-related physical activities? (2) Do different segments of older people show 

significant differences in their propensity for participation in various specific types of 

leisure physical activities? (3) Do socio-demographics, built and social environmental 

characteristics affect older people’s physical activity participation patterns? To 

investigate these questions, a latent class multinomial logit model was estimated to 

identify segments in physical activity patterns of older adults using one week diary data 

collected in 2017 in Dalian, China among 363 respondents aged 60 or over. 

The remainder of the chapter is organized as follows. It first describes the method 

of analysis that will be used. This is followed by the description of older people’s outdoor 

activity participation characteristics and the results of the latent class segmentation 

analysis. The conclusion discusses key findings of this study. 

5.2 Model specification 

Latent class methods involve characterizing segments from observed measures and 

permit individual characteristics to simultaneously explain choice behavior. The 

advantage of the latent class segmentation approach over other segmentation approaches 

using socio-demographics is that the segments are behaviorally based and are therefore 

more actionable and more directly relevant to policy decision making (Swait, 1994).  

Given its potential, the latent class model has been widely used in the field of travel 

behavior and leisure research (e.g., Greene and Hensher, 2003; Scarpa and Thiene, 2005; 

Garrod et al, 2012).  

In our study, we assume that individuals derive some utility from engaging in 

activities and the utility of participation in a particular activity simply varies between 

activities. For the usual multinomial logit model (MNL), the utility for individual i for 

activity j at choice situation t can be written as: 

𝑈𝑖𝑗𝑡 =  𝐗𝑖𝑗𝑡𝜷 + 𝜀𝑖𝑗𝑡  (5.1) 

where 𝐗𝑖𝑗𝑡  represents the activity j with relative weight (parameter vector 𝜷) to be 

estimated. 𝜀𝑖𝑗𝑡 is an error term which accounts for unobserved heterogeneity in utilities 

between individuals. This equation assumes that the parameters of the utility function 

are the same for all individuals, which seems unrealistic. Alternatively, we assume that 

there exist S segments with a characteristic utility function for each. The utility function 

for individual i for activity j at choice situation t, given that the individual belongs to 

latent class s (s = 1, …, S, is defined as: 

𝑈𝑖𝑗𝑡 =  𝐗𝑖𝑗𝑡𝜷𝑠 + 𝜀𝑖𝑗𝑡  (5.2) 
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where 𝜷𝑠  is a segment-specific parameter vector. The probabilities of choice can be 

derived from the utility function, leading to the latent class multinomial model. For each 

segment, the probability that individual i chooses activity j at choice situation t is: 

P(𝑦𝑖𝑡 = 𝑗|segment = 𝑠) =
exp(𝑿𝑖𝑗𝑡𝜷𝑠)

∑ exp (𝑿𝑖𝑗𝑡𝜷𝑠
𝐽𝑖
𝑗=1

)
 (5.3) 

For the given class assignment, the probability of choice j by individual i would be 

the joint probability of the choice situations 𝒚𝒊 = [𝑦𝑖1, 𝑦𝑖2, … 𝑦𝑖𝑇], given as Equation (4): 

P(𝑦𝑖 = 𝑗|segment = 𝑠) =  ∏ P(𝑦𝑖𝑡 = 𝑗|segment = 𝑠)
𝑇𝑖

𝑡=1
 (5.4) 

The class assignment is, however, unknown. For each individual i the probability 

of belonging to latent class s can be obtained by: 

P(segment = 𝑠) =  
exp (𝒁𝑖𝜽𝑆)

∑ exp (𝒁𝑖𝜽𝑆)𝑆
𝑠=1

 
 

, s = 1, …, S, 𝜽𝑆 = 0 (5.5) 

where 𝒁𝑖 denotes a set of observable individual and environmental characteristics. The 

prior probability of choice j by individual i can be obtained by: 

P(𝑦𝑖 = 𝑗) =  ∑ P(segment = 𝑠)
𝑆

𝑠=1
P(𝑦𝑖 = 𝑗|segment = 𝑠) (5.6) 

Using Bayes’ Theorem, the respondent-specific estimate of the class probability, 

conditioned on their estimated choice probabilities, can be obtained by: 

P(segment = 𝑠|𝑦𝑖 =   𝑗) =  
P(𝑦𝑖 = 𝑗|segment = 𝑠)P(segment = 𝑠)

P(𝑦𝑖 = 𝑗)
 (5.7) 

The latent class parameters can be estimated using maximum likelihood estimation 

(see Greene, 2001, for details). The likelihood ratio test statistic [χ2 = −2 (LL0 − LLB)] 

is used to test whether the estimated choice model LLB significantly improves the null 

model LL0. McFadden Pseudo Rho-squared (ρ2 = 1 − LLB/LL0) indicates the goodness 

of fit of the estimated choice model. To select the optimal number of segments, the 

minimum Akaike Information Criterion (AIC = −2 (LLB-P)) and the minimum Bayesian 

Information Criterion [BIC = -LLB + ((P/2)*ln N)] are used (e.g., Kamakura and Russell, 

1989; Gupta and Chintagunta, 1994). 

The outdoor activity participation data used for estimation were prepared as 

follows. The dependent variable was the choice of type of outdoor activity. For each 

respondent, 7 activity types that could be performed during a typical week constituted 
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the choice set. Each trip during the week was considered a choice situation. The number 

of choice situations (sets) per respondent over the seven days varied from 3 to 35. In the 

estimation data set, the light-intensity leisure activities were coded as the base 

alternative. 

5.3 Results 

5.3.1 Descriptive analyses of physical activity participation 

Table 5.1 presents the distribution of the 6597 outdoor trips across types of activities. On 

the left it shows the specific activity types as recorded in the diary. For the analyses the 

activity types were classified into 7 categories which are shown on the right. These 

activities are caregiving activities, shopping, joint shopping/leisure activities, vigorous-

intensity leisure activities, leisure walking, joint walking/other leisure activities, light-

intensity leisure activities. The first three activity categories conducted through active 

travel could contribute to greater total physical activity. Dancing, jogging, etc., are 

considered as vigorous-intensity leisure activities; leisure walking is a moderate-

intensity leisure activity; joint walking/other leisure activities are usually conducted by 

people who prefer to chain multi purposes such as physical activity, relaxed activity, or 

social contacts during a single trip; and sitting, playing cards/chess, etc., are categorized 

as light-intensity leisure activities. As can be seen, 27.0% of the trips are made for joint 

walking/other leisure activities, followed by leisure walking which accounts for 21.3% 

of the total outdoor trips. 18.9% are made for light-intensity leisure activities, however, 

only 5.5% are made for vigorous-intensity leisure activities. Shopping and joint 

shopping/leisure activities contain 12.9% and 7.9% of the total trips respectively. 

Caregiving activities make up only 6.7% of the trips. In total, 72.64% of the trips are 

made for leisure activities and 27.36% for maintenance activities including caregiving 

activities, shopping and joint shopping/leisure activities. 

Table 5.1 also demonstrates the duration of various types of activities. It shows that 

the average duration is longest for joint shopping/leisure activities, light-intensity leisure 

activities, and joint walking/other leisure activities. After these three activity categories, 

vigorous-intensity leisure activities, caregiving activities, shopping, and leisure walking 

follow. The specific activity categories also show that respondents on average spend 

most time per day on joint walking/other leisure activities and light-intensity leisure 

activities. These activities are followed by leisure walking, joint shopping/leisure 

activities, shopping, vigorous-intensity leisure activities, and caregiving activities. 
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Given that most of the outdoor trips are made for leisure activities and people with 

different preferences for leisure activities tend to choose different activity locations, a 

descriptive analysis of the relation between leisure activity frequency, duration and 

location was conducted. Differences in timing across the leisure activity locations are 

illustrated in Table 5.2. Vigorous-intensity leisure activities occur most frequently on a 

local square or in a park. For leisure walking, the residential street is the most frequently 

visited place, followed by park and square. However, the average duration of leisure 

walking occurred on the residential street is smaller than that occurred at all other places. 

The frequency of joint walking/other leisure activities is highest in the local square. The 

light-intensity leisure activities take place most frequently in the courtyard. 

5.3.2 Segments in outdoor activity participation 

The latent class models were estimated using maximum likelihood estimation. 

Specifically, latent class models from one up to 3-segment solutions were estimated. The 

statistics for these models are presented in Table 5.3. The log likelihood values at 

convergence and pseudo Rho-squared show improvement in the model fit as the number 

of segments increase. This information confirmed the existence of heterogeneity in older 

people’s propensity for participation in outdoor activities and suggested the existence of 

latent segments. To determine the optimal number of segments, the AIC and BIC 

statistics were inspected. Both the AIC and BIC kept decreasing with an increasing 

number of segments. It is noticed, however, the 3 segments model had huge estimated 

standard errors for certain parameters which, as Heckman and Singer (1984) suggested, 

means that the estimated model has been overfit. For this reason, we selected the 2 

segments model as the best model for the analysis purpose. 

Table 5.4 shows the detailed estimation results for the 2-segment model and the 

base model respectively. The results of the base model suggest that walking and joint 

walking/other leisure activities have a larger utility compared to all other activities and 

hence are on average the most preferred form of physical activity. This is consistent with 

findings from Stephens et al. (1985) and Booth et al. (1997) that walking is the most 

preferred physical activity among older adults. The parameters for the latent class model 

indicate whether a specific segment is more or less likely to conduct a certain activity. 

The estimation results of the model with segmentation show that segments differ in terms 

of the relative utilities for seven alternatives.  
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Table 5.3 Statistics for the latent class models 

Number 

of 

segments 

Number of 

parameters 

(P) 

Log 

likelihood at 

convergence 

(LLB) 

Log 

likelihood 

evaluated 

at 0 (LL0) 

Rho-

squared 

 

AIC BIC 

1 6 -11877.48 -12837.17 0.075 23767.0 11903.86 

2 13 -10572.40 -12837.17 0.176 21170.8 10629.56 

3 20 -9915.52 -12837.17 0.228 19871.0 10003.46 

Sample size is 6597 choices from 363 respondents (N) 

 

Table 5.4 Results of the latent class model estimation 

Variable  1 Segment 

model 

2 Segments model 

Segment 1 Segment 2 

 Parameter Parameter Parameter 

Caregiving activities -1.044*** -2.214*** -0.803*** 

Shopping -0.386*** 0.261*** -0.829*** 

Joint shopping/leisure activities -0.878*** -0.693*** -0.962*** 

Vigorous-intensity leisure activities -1.240*** -0.768*** -1.511*** 

Leisure walking  0.118*** -0.053* 0.178*** 

Joint walking/other leisure activities 0.356*** 1.594*** -2.988*** 

Light-intensity leisure activities (base) 0 0 0 

Covariates     

Socio-demographics     

  Gender    

    Male  - 0.354 0 

  Ln Age - 3.019** 0 

  Physical limitation    

    Not at all (ref.) - 0  

    A little - 0.788** 0 

    A moderate amount - 0.332 0 

    Very much - 0.067 0 

  With grandchildren ≤ 12 years    

    Yes  - -1.376*** 0 

Built environmental characteristics    

  Accessibility to local shops    

    0-15 min (ref.) - 0  

    Over 15 min - -0.759** 0 

  Footpath conditions    

    Very dissatisfied/dissatisfied - -1.098* 0 

    Neither  - -0.737* 0 

    Satisfied/very satisfied (ref.) - 0  

  Neighborhood aesthetics    

    Very dissatisfied/dissatisfied - -0.455 0 

    Neither  - 0.297 0 

    Satisfied/very satisfied (ref.) - 0  
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Social environmental characteristics    

  Safety from crime    

    Very satisfied - 0.896*** 0 

Constant  - -12.823** 0 

Class probability - 0.521 0.479 

LL(β) -11877.481 -10533.682 
LL(0) -12837.169 -12837.169 
Likelihood ratio test 1919.372 4606.975 
McFadden Rho-squared 0.075 0.179 

* Significant at 0.10 level. 

** Significant at 0.05 level. 

*** Significant at 0.01 level. 

Based on the utility of each alternative in the 2-segment model, the probability of 

any one alternative being selected can be computed (Table 5.5). The results show that 

there is a striking difference in the choice probability for transport-related and leisure 

physical activities between the segments. This means the main source of overall physical 

activity is different between the two segments. Considering the choice probability for 

each alternative, the segments can be characterized as follows. 

Segment 1 may be labelled leisure physical activity oriented participants, because 

the respondents in this segment have the highest choice probability for leisure physical 

activities (0.686). However, this segment has a lower choice probability for transport-

related physical activities (0.206). Furthermore, among the leisure physical activities, the 

respondents in this segment might have a high preference for joint walking/other leisure 

activities, as the choice probability for this specific activity type is 0.533. 

Table 5.5 Distribution of choice probability of two segments across activity types  

Type of activity Segment 1 Segment 2 

Transport-

related physical 

activities 

(Maintenance 

activities) 

Caregiving activities 0.012 

0.206 

0.120 

0.339 

Shopping  0.140 0.117 

Joint shopping/leisure 

activities 
0.054 0.102 

Leisure physical 

activities 

Vigorous-intensity 

leisure activities 
0.050 

0.686 

0.05.9 

0.392 Leisure walking  0.103 0.320 

Joint walking/other 

leisure activities 
0.533 0.013 

Sedentary 

activities 

Light-intensity leisure 

activities 
0.108 0.108 0.268 0.268 

Total  1 1 
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Segment 2 may be described as both transport-related and leisure physical activity 

oriented participants, because the respondents in this segment have a similar choice 

probability for transport-related physical activities (0.339) and leisure physical activities 

(0.392). Among the leisure physical activities, the respondents in this segment might 

have a high preference for leisure walking. The associated choice probability is 0.320. 

However, they might not prefer joint walking/other leisure activities as indicated by a 

tiny choice probability (0.013). 

In summary, the two segments emerging from this analysis differ in various respects 

from each other. The first segment consists of participants who have a higher propensity 

for participation in leisure physical activities, which means they may accumulate total 

physical activity mainly from participation in leisure physical activities. The second 

segment consists of participants who have an average propensity for participation in 

transport-related and leisure physical activities, which means the contribution of these 

two types of activities to total physical activity may be similar. Furthermore, the 

respondents in segment 1 have a higher propensity for participation in joint walking/other 

leisure activities which occurred most frequently on a local square or in a park (see Table 

5.2), while the respondents in segment 2 have the highest propensity for participation in 

solo walking which happened most frequently on the residential street (see Table 5.2).  

 

5.3.2 Effect of socio-demographics and environmental characteristics 

The estimates for the covariate effects on the class membership are presented in Table 

5.4. Segment 2 serves as the baseline, thus, the estimated coefficients are interpreted 

relative to being segment 2. To note is that several of the theoretically important 

variables, such as education level, income level, distance to the nearest park, land use 

mix, street density, safety from traffic, social capital and social cohesion, were not 

included in the final model because they failed to show a significant association with 

segment membership. 

Regarding socio-demographics, the model results show a significant relationship 

between segments and age, physical limitation and household composition. Specifically, 

as people get older, they are more likely to be leisure physical activity oriented 

participants. Physical limitation is also associated with segments, but such an association 

is only statistically significant for people who have a little physical limitation. In 

addition, the results indicate that the group who has grandchildren in the household is 

more likely to belong to segment 2. 

Regarding built environmental characteristics, the model results show that 

accessibility to local shops is associated with segments. Specifically, people who 
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perceive their accessibility to local shops as over 15 minutes, compared to individuals 

with higher accessibility to local shops, are more likely to belong to segment 2. The 

respondents in this segment have a higher propensity to chain shopping and leisure 

activities, while the respondents in segment 1 have a higher preference for solo shopping 

activity. However, it should be noted that the respondents in segment 2 have a similar 

choice probability for shopping activities (0.219) to those in segment 1 (0.194), although 

they perceive lower accessibility to local shops. It seems that their needs or preference 

for shopping activities are independent of accessibility to local shops, but they would 

adapt themselves to the shopping environment through adjusting shopping patterns in 

face of lower accessibility to local shops. The results also indicate that respondents 

perceiving lower accessibility to local shops are less likely to be leisure physical activity 

oriented participants. Furthermore, we found that the relationship of footpath conditions 

to segments is only significant at the 0.10 level and there is no significant relationship 

between segments and neighborhood aesthetics. 

Regarding social environmental characteristics, the model results show that safety 

from crime is associated with segments. Specifically, the respondents who are very 

satisfied with safety from crime are more likely to belong to leisure physical activity 

oriented participants. 

In summary, older adults’ outdoor physical activity participation patterns primarily 

depend on socio-demographic characteristics such as age, physical limitation and 

household composition. Among the built and social environmental characteristics, only 

accessibility to local shops, footpath conditions and safety from crime play an important 

role. This means that the changes in various neighborhood environmental characteristics 

have a minor impact on changing older people’s propensity for participation in leisure 

and transport-related physical activities. Specifically, for leisure physical activity 

oriented participants, improving neighborhood environments may to a small extent 

promote them to participate in more transport-related physical activities and then 

contribute to their total physical activity levels, and vice versa. 

5.4 Conclusions and discussion 

Participation in leisure and transport-related physical activities are generally viewed as 

the main means for increasing overall physical activity levels of older adults. An 

increasing body of research has been conducted to identify neighborhood environmental 

factors that influence these physical activities of older adults, which would in turn inform 

the development of effective environmental interventions to promote physical activity in 

older adults. However, only intervention strategies tailored to the specific physical 

activity pattern of the specific group of older adults are likely to be effective. Therefore, 

the aim of this research was to determine if there are differences in outdoor physical 
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activity patterns among older adults and whether neighborhood characteristics influence 

their outdoor physical activity patterns. A latent class multinomial logit model was 

estimated on one week diary data collected in 2017 in Dalian, China among 363 

respondents aged 60 or over. 

Our results indicated differences in outdoor physical activity patterns among older 

people. Specifically, two segments of older people were identified that differ in their 

outdoor physical activity participation patterns. The respondents of the first segment are 

leisure physical activity oriented participants who have a higher propensity for 

participation in leisure physical activities. The second segment is described as both 

transport-related and leisure physical activity oriented participants. They have an average 

propensity for participation in transport-related and leisure physical activities. 

Furthermore, the two segments of older people have different propensity for participation 

in specific types of leisure walking. Leisure physical activity oriented participants 

particularly prefer leisure walking combined with other leisure activities which usually 

last a long time and occur most frequently on a local square or in a park, while both 

transport-related and leisure physical activity oriented participants have the highest 

preference for solo leisure walking which lasts a relatively short time and happens most 

frequently on the residential street. An explanation might be that leisure activities are 

usually arranged around maintenance (transport-related) activities with least flexibility 

(Cullen and Godson, 1975) and the time budget availability shrinks after maintenance 

activities completion (Habib and Hui, 2017) and therefore, they prefer solo leisure 

walking to joint walking/other leisure activities which take much more time (see Table 

5.1). 

Regarding the effects of socio-demographics and neighborhood characteristics on 

the segment membership, the results suggest that older people’s outdoor physical activity 

participation patterns are primarily influenced by their socio-demographics instead of 

neighborhood characteristics. Specifically, as people get older, they are more likely to be 

leisure physical activity oriented participants. This result is in line with Hu et al. (2013), 

who found that older people’s travel purpose shift gradually from shopping to 

entertainment and physical training with age growing older. People who have a little 

physical limitation are more likely to be leisure physical activity oriented participants. In 

addition, the group who has grandchildren in the household are more likely to belong to 

both transport-related and leisure physical activity oriented participants. However, there 

are no significant relationships between segments and distance to the nearest park, street 

connectivity, land use mix, neighborhood aesthetics, and safety from traffic, social 

capital and social cohesion. Only accessibility to local shops, footpath conditions and 

crime safety are statistically significant. The results show that respondents who perceive 

their accessibility to local shops as over 15 minutes are less likely to be leisure physical 

activity oriented participants. Respondents who are very satisfied with safety from crime 
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are more likely to be leisure physical activity oriented participants. This might imply that 

individuals’ motivation to undertake leisure activities instead of maintenance activities 

may be strengthened by a higher satisfaction with crime-related safety. If the 

neighborhood is not perceived to be safe, they might be less likely to participate in leisure 

activities. 

Overall, this chapter sheds lights into the relationship between neighborhood 

characteristics and patterns of physical activity types. The results suggest that 

neighborhood characteristics play a minor role in shaping older adults’ patterns of 

physical activity types. The next chapter will further explore the role of neighborhood 

characteristics in influencing older adults’ physical activity duration. However, the next 

chapter will focus only on the duration of leisure-time walking, because the durations of 

other types of physical activity show little variation.   



Leisure Walking Trip Duration 

51 

6  
Leisure Walking Trip 

Duration* 
 
 

6.1 Introduction 

Physical activity can be accumulated through participation in various activity domains: 

household, transportation and leisure (Sallis et al., 2006). Leisure walking is the most 

prevalent and preferred form of physical activity among older adults, as it is accessible, 

for free and can be readily incorporated into their daily routes (Mulvey and Cinema, 

2004; Dawson et al., 2007). Similar to overall physical activity, higher levels of leisure 

time walking have been associated with a decreased risk of many chronic diseases (Lee 

and Buchner, 2008). Moreover, some evidence suggests that leisure walking is more 

strongly related to mental health benefits than other physical activity domains (Cerin et 

al., 2009; Sugiyama et al., 2008). 

The neighborhood provides opportunities for leisure walking, especially for older 

adults who are more dependent on their neighborhoods due to aging-related functional 

and mobility challenges (Carlson et al., 2012), and it is likely that its characteristics can 

influence older adults’ walking behavior. An increasing body of research has shown that 

some attributes of neighborhood  environments  are  associated  with  people’s  walking  

 

                                        

* This chapter is based on Liu, Z., Kemperman, A.D.A.M., Timmermans, H.J.P. (2020). 

Correlates of older adults’ walking trip duration. Journal of Transport & Health (In 

press). 
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behavior. For example, Lee (2016) examined neighborhood influences on leisure-time 

walking in older Korean adults and found that overall neighborhood quality and safety 

are significantly related to the total minutes of leisure-time walking in a week. Cerin et 

al. (2013) examined the relationship between perceived neighborhood attributes and 

weekly minutes of within-neighborhood recreational walking in older Chinese urban 

dwellers and found that within-neighborhood recreational walking is positively 

associated with proximity of recreational facilities and infrastructure for walking. Van 

Cauwenberg et al. (2018) systematically reviewed the research into the relationships 

between environmental attributes and leisure walking of older adults. They found that 

access to parks/open space, and aesthetically pleasing scenery are significantly 

associated with leisure walking of older adults. However, most of these studies focused 

on overall walking levels such as total time spent on walking (min/week) or total energy 

expenditure (MET-min/week) in relation to neighborhood environmental characteristics. 

The use of a summary score of walking levels ignores the differences in specific aspects 

of walking behavior such as walking trip duration across individuals. This makes it 

difficult to identify which attributes of neighborhood environments could influence 

people’s walking trip duration and then contribute to their weekly walking levels. 

Additionally, research focusing on a summary measure of walking limits the ability 

to inform the development of tailored environmental interventions for promoting higher 

levels of walking. Environmental interventions to promote participation in leisure 

walking are likely to have a greater impact if they are tailored to the needs and 

preferences of particular target groups. For example, if the presence of well-maintained 

footpaths is associated with walking trip duration rather than walking frequency, the 

provision of well-maintained footpaths will be effective for individuals who wish to 

increase the duration of each walking trip to achieve high levels of walking, but not for 

those who prefer to accumulate higher walking levels through frequently participating in 

walking. 

Given these aforementioned limitations, the main objective of this study is to 

examine the relationship between the duration of leisure walking trips of older adults and 

neighborhood characteristics, taking into account socio-demographics. To this end, a 

random effects ordered logit model is estimated based on one week recall-based outdoor 

activity data that were collected among 316 respondents aged 60 and older in 2017 in 

Dalian, China. In addition, our unique data-set allows us to examine the effect of the 

characteristics of the walking trip (i.e., time of the day, purpose, etc.) on the duration in 

much detail. This can provide insights into whether walking trip durations differ among 

individuals with different walking habits in terms of activity timing and trip purpose, 

etc., and this knowledge would be useful to a variety of stakeholders, such as health care 

providers, for developing tailored walking interventions for individuals with specific 

walking habits.  
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6.2 Model Specification 

Preliminary analysis showed that the duration of leisure walking trips of the individuals 

was distributed not continuously but discretely with several peaks concentrated around 

certain cutoff values which are integral multiples of 10 minutes, such as 10, 20, 30, 40, 

50, 60 minutes (Figure 6.1), representing respondents tend to terminate their walking in 

a trip at a time which is integral multiples of 10 minutes or report the duration of their 

walking trips by rounding-off to the nearest ten minute interval. Given the interval-level 

nature of walking duration data and the presence of relatively few tied times after 60 

minutes, this variable was classified for our analyses into 6 categories namely 10-20 min, 

21-30 min, 31-40 min, 41-50 min, 51-60 min and >60 min.  

To examine the association between socio-demographics, walking trip 

characteristics, neighborhood characteristics and the duration of walking trips, an 

ordered logit modeling approach was considered. Han and Hausman (1990) have proved 

that the ordered logit model can be used to study duration data. Given that the walking 

trip duration data collected in a typical week are essentially panel data implying that the 

duration of all walking trips from the same individual may be correlated, a random effects 

version of the ordered logit model was therefore applied in this study. 

 
Figure 6.1 Distribution of the duration of walking trips 
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The random effects ordered logit model used in the present study can be described 

as follows.  

𝑦𝑖𝑡
∗ =  𝛽0 + ∑ 𝛽𝑘𝜒𝑖𝑡𝑘

𝐾

𝑘=1

+ 𝑢𝑖 + 𝜀𝑖𝑡 (6.1) 

where 𝑦𝑖𝑡
∗  denotes the continuous latent utility that is assumed to underlie the observed 

ordinal data for individual i at walking trip t; 𝛽𝑘 is the parameter for attribute k, χ𝑖𝑡 is an 

explanatory variable, and 𝜀𝑖𝑡  is an error term with mean zero and constant variance 

𝜋2 3⁄ ; 𝑢𝑖 denotes the random effect for individual i, which is unobserved and usually 

assumed to vary among individuals according to a normal distribution N(0, 𝜎2). As the 

variance 𝜎2  increases, the correlation between two walking trips from the same 

individual also tends to increase. 

The latent variable 𝑦𝑖𝑡
∗  is classified into the 𝑗 category by the following rule: 

𝑦𝑖𝑡 = 𝑗  if 𝜇𝑗−1 ≤  𝑦𝑖𝑡
∗ <  𝜇𝑗, 𝑗 = 0, 1, …, J, (6.2) 

where 𝑦𝑖𝑡 is the observed ordered discrete outcome for individual i at walking trip t; 𝜇 is 

a set of thresholds of the continuous scale for 𝑦𝑖𝑡
∗ ; the thresholds 𝜇 are assumed to be 

strictly increasing (𝜇𝑗−1 <  𝜇𝑗∀𝑗) and 𝜇−1 = -∞, 𝜇𝐽 = +∞; since there is assumed to be a 

nonzero constant term, 𝛽0 ,  𝜇0  = 0; J+1 is the number of categories of the ordered 

variables. 

The probability of observing an outcome equal to j for individual i at walking trip 

t can be written as Equation (3): 

P(𝑦𝑖𝑡 = 𝑗|𝜒𝑖𝑡𝑘) =  P (𝛽0 + ∑ 𝛽𝑘𝜒𝑖𝑡𝑘

𝐾

𝑘=1

+ 𝑢𝑖  +  𝜀𝑖𝑡 <  𝜇𝑗)

− P (𝛽0 + ∑ 𝛽𝑘𝜒𝑖𝑡𝑘

𝐾

𝑘=1

+ 𝑢𝑖  +  𝜀𝑖𝑡 <  𝜇𝑗−1)

= 𝐹 (𝜇𝑗 − 𝛽0 − ∑ 𝛽𝑘𝜒𝑖𝑡𝑘

𝐾

𝑘=1

− 𝑢𝑖 )

− 𝐹 (𝜇𝑗−1 − 𝛽0 − ∑ 𝛽𝑘𝜒𝑖𝑡𝑘

𝐾

𝑘=1

− 𝑢𝑖) 

(6.3) 

where F denotes the cumulative density function of the logistic distribution. 
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 Conditional on 𝑢𝑖 , the observations on 𝑦𝑖𝑡 , t = 1,…,𝑇𝑖  are independent, so the 

contribution to the conditional likelihood for individual i would be the joint probability, 

given as Equation (4): 

P(𝑦𝑖1 = 𝑗1, 𝑦𝑖2 = 𝑗2, … , 𝑦𝑖𝑇 = 𝑗𝑇 , |χ𝑖𝑡 , 𝑢𝑖)

= ∏ [𝐹 (𝜇𝑗 − 𝛽0 − ∑ 𝛽𝑘𝜒𝑖𝑡𝑘

𝐾

𝑘=1

− 𝑢𝑖 )
𝑇𝑖

𝑡=1

− 𝐹 (𝜇𝑗−1 − 𝛽0 − ∑ 𝛽𝑘𝜒𝑖𝑡𝑘

𝐾

𝑘=1

− 𝑢𝑖)] 

(6.4) 

The parameters of the random effect ordered logit model are estimated by 

maximum likelihood estimation. For details about the maximum likelihood estimation 

procedure, see Greene (2008). The estimation was conducted with the Econometric 

software NLOGIT version 5.0. 

6.3 Results 

6.3.1 Sample characteristics 

Of the original sample, 47 respondents who did not participated in leisure walking were 

excluded, resulting in a sample of 316 respondents for this analysis. As indicated in Table 

6.1, the sample was almost equally divided by gender. Older adults aged 60-64 accounted 

for the largest percentage (21.5%) of the sample. According to the most recent census 

(Dalian Municipal Bureau of Statistics, 2016), the Dalian female older population was 

50.3% and the age group 60-64 made up 34.4% of the older population of Dalian with 

48.0% and 17.6% in the age group 65-79 and 80+ respectively. Thus, the sample is 

reasonably representative of the Dalian older population in terms of gender and age. With 

respect to education, 31.3% of the sample indicated that they had primary education or 

lower. Households with no grandchildren made up 83.2% of the sample, while 16.8% 

lived with grandchildren. Regarding neighborhood characteristics, the results showed 

that more than half of respondents perceived accessibility to local shops as either within 

5 minutes (37.3%) or within 6-10 minutes (35.8%). About twenty-six percent of the 

sample lived in an area with a distance of less than 800 meters to the nearest park. The 

results also showed that 52.2%, 14.3%, 51.9%, and 27.8% of the respondents were not 

satisfied with neighborhood aesthetics, footpath conditions, traffic safety, and crime 

safety respectively.  

Table 6.1 Sample characteristics (N=316)  

Variable  Levels  N % 

Socio-demographics    
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Gender  Male  164 51.9 

 Female  152 48.1 

Age 55-64 68 21.5 

65-69 63 19.9 

70-74 66 20.9 

75-79 53 16.8 

80+ 66 20.9 

Education Primary school or lower  99 31.3 

 Middle school 90 28.5 

 High school 66 20.9 

 College/university 61 19.3 

Household type With grandchildren ≤ 12 

years 

53 16.8 

 No grandchildren ≤ 12 

years 

263 83.2 

Neighborhood 

characteristics 

   

Accessibility to local shops 0-5 min 118 37.3 

 6-10 min 113 35.8 

 11-15 min 37 11.7 

 Over 15 min 48 15.2 

Distance to the nearest park Less than 800 meters 83 26.3 

800 to 1200 meters 76 24.0 

1200 to 1600 meters 66 20.9 

More than 1600 meters 91 28.8 

Neighborhood aesthetics Less satisfied  165 52.2 

 (Very) satisfied 151 47.8 

Footpath conditions Less satisfied  45 14.3 

 (Very) satisfied 271 85.7 

Traffic safety Less satisfied  164 51.9 

 (Very) satisfied 152 48.1 

Crime safety Less satisfied  88 27.8 

 (Very) satisfied 228 72.2 

Table 6.2 Descriptive characteristics of walking trip duration 

Category 

j 

Duration 

(min) 

N (%) Active group Inactive 

group 

Test result 

N (%) N (%) 

0 10-21 435 (13.7) 86 (4.4) 349 (28.0) 

χ2=753.2 

(ρ < 0.001) 

1 21-30 854 (26.8) 370 (19.1) 484 (38.9) 

2 31-40 218 (6.8) 141 (7.3) 77 (6.2) 

3 41-50 229 (7.2) 155 (8.0) 74 (5.9) 

4 51-60 172 (33.7) 817 (42.1) 255 (20.5) 

5 >60 376 (11.8) 370 (19.1) 6 (0.5) 

Total - 3184 (100.0) 1939 (100.0) 1245 (100.0) 
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6.3.2 Leisure walking participation characteristics 

Table 6.2 shows the distribution of leisure walking trips by duration. Over a quarter of 

walking trips were 21 to 30 minutes in duration and about 33% of walking trips were 51 

to 60 minutes in duration. Table 6.2 also provides evidence of significant differences 

using a Chi-square analysis in walking trip duration between the physically active and 

inactive groups. Considering self-reports of physical activity behavior are prone to 

overreporting, an older adult achieving at least 1,000 MET-min a week (higher than the 

minimum recommended levels of physical activity of 600 MET-min/week) was 

categorized in this study as active, less than 1,000 as inactive. Older adults in the active 

group walked generally longer durations than those in the inactive group. Specifically, 

more than 60% of walking trips for active walkers were >50 minutes. In contrast, about 

67% of walking trips for inactive walkers were ≤30 minutes. 

6.3.3 Model estimation results 

The estimation results are presented in Table 6.3. A McFadden Rho-squared of 0.383 

indicated a high goodness of fit of the model. There existed random effects in the data, 

as evidenced by the significant variance (4.762). 

The estimated coefficients are shown in Table 3. As the dependent variable was 

coded in a way that a higher score means that individual’s walking duration is longer, 

positive coefficients in Table 3 suggest that the variable has an increasing effect on 

duration, and negative coefficients suggest that the variable decreases duration. Our 

results suggested that the timing of walking participation was significantly associated 

with the duration. Individuals who participated in leisure walking in the early morning 

and evening were less likely to walk longer durations. In contrast, those who engaged in 

leisure walking in the afternoon were more likely to walk longer durations. Having 

company to walk with was negatively associated with walking duration. The parameter 

on the multi-purpose trip variable indicated that combing leisure walking and other 

outdoor activities into a single chained trip decreased the duration of walking trips. 

With respect to socio-demographic characteristics, the results indicated that 

individuals in the 75+ group tended to participate in walking activities with a shorter 

duration compared to other age groups. Older adults with a middle school education or 

lower were less likely to walk longer durations. Gender and household type were found 

to be unrelated to walking duration. 

Regarding neighborhood characteristics, distance to the nearest park was 

significantly associated as main effects with walking duration. Those who had no access 

to parks within a 1200-m distance from their houses were less likely to walk longer 

durations. Four interactions were found to be significant. Higher satisfaction with 
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neighborhood aesthetics was significantly associated with longer walking durations, but 

only for those who engaged in only walking in a trip. For those who participated in 

walking and other activities (i.e., sitting and viewing) in a trip, their satisfaction with 

neighborhood aesthetics were negatively associated with walking duration. The 

interaction between walking location and footpath conditions in relation to walking 

duration showed only a positive association between footpath conditions and walking 

duration in those who participated in walking in the street and not in those who 

participated in walking at other places. For those who conducted walking in the street, 

higher satisfaction with traffic safety was significantly associated with walking duration. 

In addition, we found that the positive relationship between crime safety and walking 

duration was only present among older adults who conducted walking in the evening. 

Table 6.3 Results for random effects ordered logit model of walking duration 

Variable  Levels  Coefficient p-value 

Constant   4.990 0.000 

Trip characteristics    

Timing  Early morning -0.185 <0.001 

 Morning  0.027  

 Afternoon  0.417 <0.001 

 Evening  -0.259 <0.001 

Companion  Yes  -1.514 <0.001 

 No  1.514  

Multi-purpose trip Yes  -0.970 <0.001 

(walking + other activities) No  0.970  

Location  Street  0.009 0.894 

 Park  -0.009  

Weekly frequency Weekly frequency -0.116 <0.001 

Socio-demographics    

Gender  Male  -0.189 0.770 

 Female  0.189  

Age 60-64 1.069  

65-69 0.449 0.067 

70-74 0.022 0.925 

75-79 -0.530 0.040 

80+ -1.010 <0.001 

Education Primary school or lower  -0.170  

 Middle school -0.624 0.008 

 High school 0.522 0.054 

 College/university 0.272 0.258 

Household type With grandchildren ≤  12 

years 

-0.236 0.246 

 No grandchildren ≤  12 

years 

0.236  

Neighborhood 

characteristics 
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Accessibility to local shops 0-5 min 0.063  

 6-10 min -0.280 0.174 

 11-15 min 0.375 0.182 

 Over 15 min -0.158 0.611 

Distance to the nearest park Less than 800 meters 0.588  

800 to 1200 meters 0.041 0.849 

1200 to 1600 meters -0.615 0.016 

More than 1600 meters -0.014 0.945 

Neighborhood aesthetics Not satisfied  0.827  

 (Very) satisfied -0.827 <0.001 

Multi-purpose * aesthetics Yes * satisfied -0.190 <0.001 

 No * satisfied 0.190  

Footpath conditions Not satisfied  0.873  

 (Very) satisfied -0.873 <0.001 

Location * footpath 

conditions 

Street * satisfied 0.392 <0.001 

 Street * not satisfied -0.392  

Traffic safety Not satisfied  -0.238  

 (Very) satisfied 0.238 0.068 

Location * traffic safety Street * satisfied 0.201 <0.001 

 Street * not satisfied -0.201  

Crime safety Not satisfied  -0.235  

 (Very) satisfied 0.235 0.125 

Timing * crime safety Evening * satisfied 0.073 0.019 

 Evening * not satisfied -0.073  

Threshold 𝜇0  0  

Threshold 𝜇1  4.094 <0.001 

Threshold 𝜇2  4.884 <0.001 

Threshold 𝜇3  5.704 <0.001 

Threshold 𝜇4  10.599 <0.001 

Sigma   4.762 <0.001 

Log likelihood -3174.683   

Restricted log likelihood -5147.275   

McFadden Pseudo R-

squared 

0.383   

6.4 Conclusions and discussion 

Duration is a key component of leisure walking behavior of older adults, and therefore, 

an important determinant of their weekly walking levels. However, environmental 

correlates associated with walking duration have not been extensively studied in older 

adults, especially in Asian contexts. This study showed that neighborhood characteristics 

were associated with walking duration, and most of those associations differed by the 

characteristics of walking trips (i.e., timing of the day, location, and purpose). 
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Previous studies found that proximity to parks was positively associated with the 

total levels of walking of older adults ( Giles-Corti et al., 2013; Michael et al., 2010; 

Nagel et al., 2008). In the present study, proximity to parks was positively associated 

with walking trip duration. This might imply that the relationship between proximity to 

parks and walking trip duration is a mechanism underlying the relationship between 

proximity to parks and total walking levels. 

The positive role of neighborhood aesthetics in influencing leisure walking was 

observed in previous studies (Ball et al., 2001; Humpel et al., 2004; Tsunoda et al. 2012). 

However, this study indicated that the positive relationship between the satisfaction with 

neighborhood aesthetics and walking trip duration was present only among older adults 

who participated solely in leisure walking in one trip, but not for those who combined 

leisure walking and other activities in one trip. It is likely that neighborhood aesthetics 

is more attractive and appealing for other leisure activities (i.e., sitting and viewing) than 

walking, therefore resulting in less time allocation to walking for people who participated 

in joint leisure activities. 

We found that higher satisfaction with footpath conditions was significantly 

associated with longer walking durations, only for those who participated in walking in 

the streets but not for those who conducted walking at other places. One explanation, as 

discussed by a previous study (Cerin et al., 2016), is that residents may easily compensate 

for the lack of high-quality streets for leisure walking by accessing other places. 

Therefore, footpath conditions may have different relationships with walking occurring 

in different locations. Future research should consider the location in which walking 

occurs in order to accurately examine the relationship between footpath conditions and 

walking behavior. 

Likewise, traffic safety was found to be positively associated with walking duration 

only among those who conducted walking in the streets. Although previous research (i.e., 

Cerin et al., 2013;  Corseuil Giehl et al., 2017) has showed the positive role of traffic 

safety in increasing levels of leisure walking, this result suggests that traffic safety may 

play a greater role in shaping higher levels of leisure walking by facilitating longer 

walking trip durations for older adults who conducted walking in the streets. 

Regarding the association between crime safety and walking trip duration, this 

finding is partially consistent with results from a previous study (Van Cauwenberg, 

Clarys, et al., 2012), which demonstrated the importance of crime safety in promoting 

leisure walking. However, the positive role of crime safety in promoting walking works 

only for Chinese older adults who conducted walking in the evening. This result is likely 

a reflection of the fact that Chinese older adults are more concerned about their safety 

from crime in the evening than during the day. 
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The current study has some strengths. It represents one of the few attempts to 

examine the variation in walking trip durations in relation to neighborhood 

characteristics. It furthers our understanding of the role of neighborhood characteristics 

in influencing the specific aspect (duration) of walking behavior, beyond the well-studied 

relationship between neighborhood characteristics and total walking levels in the existing 

literature. Moreover, different from the use of a context-free measure of walking in most 

previous studies, this study measured detailed walking trips characteristics (i.e., timing 

of day, location, and purpose) and examined the interactions between the characteristics 

of walking trips and neighborhood characteristics in relation to walking trip duration. 

Finally, this study is conducted in Chinese context, which is different from most previous 

studies conducted in Western countries. Thus, our findings are useful in updating the 

current knowledge on the walking-environment relationship in older adults across the 

broad spectrum of geographical settings. 

To conclude, the current study adds to the limited body of research in urban design 

and public health examining the correlates of walking trip duration of older adults. The 

results showed that the characteristics of walking trips such as timing of day are related 

to walking trip duration. The satisfaction with neighborhood characteristics such as 

footpath conditions, neighborhood aesthetics, traffic safety and crime safety are also 

associated with the duration of walking trips, but these associations vary by walking trip 

characteristics. Interventions involving the neighborhood environment could be a 

promising opportunity for the promotion of walking duration, but should be tailored to 

the appropriate older adults. The next chapter will further explore the role of 

neighborhood characteristics in older adults’ physical activity frequency. 
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7  
Physical Activity 

Frequency  
 
 

7.1 Introduction 

In addition to activity type and duration, frequency as a key component of physical 

activity is significantly associated with older adults’ physical activity patterns and total 

physical activity levels (WHO, 2010). Thus, maintaining high frequency of physical 

activity or promoting the elderly to participate more frequently in physical activities 

could be a means to obtain desired physical health benefits. Moreover, frequency of 

outdoor activity participation plays an important role in promoting older people’s social 

and mental health, as frequent participation in physical activity induces opportunities for 

social contacts with neighbors and friends. Previous studies have shown that frequent 

social contacts are positively associated with better social and mental health (e.g., Glass 

et al., 2006; Sugiyama and Thompson, 2006; Bonsang and van Soest, 2012). As the 

majority of older adults tends to spend more time in the neighborhood due to aging-

related functional and mobility challenges (e.g., Schwanen and Páez, 2010; Carlson et 

al., 2012; Rantanen et al., 2012), it is critical to ensure that the neighborhood environment 

supports older adults to participate in various physical activities. 

However, the built environment in many cities is not supportive enough for older 

adults to develop and maintain a physically active lifestyle. Especially cities and 

neighborhoods which were designed to facilitate automobile travel and were developed 

with lower residential densities and disconnected street networks are closely related to 

declining levels of active travel (Kemperman and Timmermans, 2010; van den Berg et 
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al., 2011; Koh and Wong, 2013). Moreover, in these environments older adults are faced 

with serious health inequity: compared with younger adults, the scarcity of a high quality, 

supportive environment is more likely to be a barrier to physical activity among older 

adults, increasing the risk of health problems. Thus, a key challenge facing urban 

planners, civil engineers, and other professionals is how to (re)design the built 

environment to support physical activities of older adults. To develop effective 

environmental interventions promoting physical activities, it is critical to understand the 

relationships between physical activities and neighborhood characteristics. 

Although a large number of studies have examined how characteristics of 

neighborhood environments are associated with physical activity levels, knowledge 

about the relationship between specific aspects (i.e., frequency) of type-specific physical 

activities and neighborhood characteristics is limited. It is possible that some older adults 

prefer to achieve their total physical activity levels through frequently participating in 

certain physical activities in regular short bouts, while others prefer low-frequency and 

long-duration physical activity participation patterns. Therefore, it is important to 

understand the relationship between neighborhood environmental attributes and the 

frequency of participation in type-specific physical activities. It will offer practical 

insights into designing a neighborhood which accommodates a wide range of physical 

activity patterns for various groups of older adults. 

The aim of the present study is to examine the relationship between neighborhood 

characteristics and frequency of type-specific outdoor activities. For the purpose of this 

study, data were collected through a survey among 363 older adults aged 60 years and 

over living in Dalian, China, in 2017. A zero-inflated count modeling approach was used. 

The results of this study could help urban planners and designers and policy makers in 

creating physical activity-supportive and inclusive neighborhood environments for the 

aging population. 

The remainder of the chapter is structured as follows. First, it describes the sample 

characteristics. The next section describes the methods of analysis, followed by the 

results. This chapter ends with a discussion of the findings, conclusions and implications 

for urban planning and public health. 

7.2 Data description 

The detailed descriptive of the data used for this analysis refers to Table 4.1. Table 7.1 

presents the sample distribution of the frequency of different activities that were used in 

the analyses. Activity types recorded in the survey were classified into 5 categories. 

These categories are sedentary activities, utilitarian activities, leisure walking, joint 

leisure walking/sedentary activities and skill-based leisure activities. Specifically, 
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sedentary activities in this study refer to activities such as sitting and chatting with 

neighbors or playing cards/chess. It has been demonstrated that high levels of sedentary 

behavior are associated with increased risk of premature mortality and chronic diseases, 

such as type 2 diabetes and cardiovascular disease (Katzmarzyk, 2010). Utilitarian 

activities refer to daily shopping or picking up or dropping off grandchildren. 

Participation in utilitarian activities through active travel could contribute to greater total 

physical activity. Leisure walking is the most prevalent and preferred form of leisure 

physical activity in older adults. Leisure walking and sedentary activities which were 

combined into a single tour by participants are defined in this article as joint leisure 

walking/sedentary activities. It is another popular type of outdoor leisure activity among 

Chinese older adults. As most of older adults have more free time, they tend to perform 

multi leisure activities during a single tour to fill their increased discretionary time. Other 

leisure activities such as line-dancing, Tai Chi and Qigong, i.e. tend to be skill-based. A 

lack of requisite skills is generally a major barrier for some seniors to participate in these 

activities. However, there are many seniors having a high preference for these activities 

because they found such activities quite enjoyable and they could use them to keep fit 

and maintain social contacts with neighbors or friends. As can be seen, 42% of the 

respondents participate in sedentary activities at least once per week. The proportion of 

respondents participating in utilitarian activities, leisure walking, joint leisure activities 

and skill-based leisure activities are 62%, 53%, 49% and 21% respectively. Overall, the 

distribution of the frequency of each activity contained an abundance of zeros because 

most respondents usually participate in only one or two of these activities. 

The sample contains a subgroup of individuals who will never participate in a 

certain activity, and thus, will always produce a zero outcome in the count variable. Such 

zeros are called structural zeros. When structural zeros are present, the count response 

becomes a mixed distribution, a mixture of degenerate zeros from the non-participation 

group (structural zeros) and responses (positive or random zero outcomes) from the 

participation group. Zero-inflated Poisson which is a two-component mixture model, has 

been applied to cope with data with a mixed distribution. Furthermore, if overdispersion 

(i.e., the variance of the response variable exceeds the mean) remains even after 

modeling structural zeros, a zero-inflated negative binomial model can provide a good 

solution. However, modeling the frequencies of specific types of activities might not be 

done with independent count models, because the frequencies of specific activity types 

may not be independent. Multivariate count models which have been used in the 

literature to model multivariate count data seem a potential useful method when 

modeling the frequencies of specific types of activities. 
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Table 7.1 Distribution of activity participation frequency by activity types 

Frequency Sedentary 

activities 

Utilitarian 

activities 

Leisure 

walking 

Joint leisure 

activities 

Skill-based 

activities 

0 210 

(58%) 

138 

(38%) 

172 

(47%) 

186 

(51%) 

285 

(79%) 

> 0 153 

(42%) 

225 

(62%) 

191 

(53%) 

177 

(49%) 

78 

(21%) 

 

Though the univariate zero-inflated models had limitations, we chose univariate 

zero-inflated models as the best modeling approach based on the following 

considerations. First, the frequency data in our dataset follows a mixture distribution, 

therefore, it is theoretically reasonable to model the frequency of participation in one 

activity from two groups of subjects separately. Second, the effect of the frequency of 

participation in one activity on that of participation in another activity might be 

unidirectional for a latent group of older adults. For example, the frequency of 

participation in utilitarian activities may affect that of participation in joint leisure 

activities for the group of older adults who do participate in joint leisure activities, while 

the frequency of participation in joint leisure activities may not simultaneously affect 

that of participation in utilitarian activities which are less flexible. This is challenging 

the ability of the conventional multivariate count models which assume that the 

frequencies of different types of activities are correlated with each other. Third, the aim 

of the study is to examine the influence of sociodemographic and environmental 

characteristics on the frequency of participation in a certain activity for a specific latent 

group of individuals instead of the whole older adult population, when the frequency of 

participation in other activities are controlled. In other words, the frequency of a certain 

activity (i.e., utilitarian activity) is modelled based on a subgroup who will participate in 

utilitarian activity if needed, while the frequency of another activity (i.e., leisure walking) 

is modelled based on another subgroup who will participate in leisure walking if needed. 

Therefore it is not problematic to assess the frequencies of specific types of activities 

separately. This knowledge could inform development of interventions which are 

tailored to a specific subgroup of older adults. However, it should be noted that 

multivariate count models might be better if one wishes to estimate the general influence 

of sociodemographic and environmental characteristics on the frequencies of specific 

activity types for the whole older adult population. 

7.3 Model specification 

The section presents the general forms of zero-inflated count models. Let response 

variable 𝑦𝑖  denote the observed frequency of participation in outdoor activities for 
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individual i in a typical week. It can be written the zero-inflated Poisson or negative 

binomial distribution of 𝑦𝑖 as: 

P(𝑦𝑖 = 𝑗)  = {
𝛷𝑖 + (1 − 𝛷𝑖)𝑔(𝑦𝑖 = 0), if 𝑗 = 0

(1 − 𝛷𝑖)𝑔(𝑦𝑖),                   if 𝑗 > 0
 (7.1) 

where 𝛷𝑖  is the probability of a structural zero response and 𝑔(𝑦𝑖) is the probability 

distribution function of the random variable 𝑦𝑖. 

If 𝑦𝑖 is distributed as Poisson, 𝑔(𝑦𝑖) is then defined as: 

𝑔(𝑦𝑖) = P(Y = 𝑦𝑖|𝜇𝑖) = 𝑒−𝜇𝑖 𝜇𝑖
𝑦𝑖 𝑦𝑖!⁄  (7.2) 

where 𝜇𝑖 is the expected value parameter. 

If 𝑦𝑖 is distributed as negative binomial, 𝑔(𝑦𝑖) is then defined as: 

𝑔(𝑦𝑖) = P(Y = 𝑦𝑖|𝜇𝑖 , α) =
Γ(α−1 + 𝑦𝑖)

Γ(𝑦𝑖 + 1)Γ(α−1)
(

𝜇𝑖

𝜇𝑖 + α−1
)

𝑦𝑖

(
α−1

𝜇𝑖 + α−1
)

α−1

 (7.3) 

where 𝜇𝑖 is the expected value parameter, and α is the over-dispersion parameter, and Γ 

is the gamma function. 

The probability of a structural zero can be modeled through a logit link: 

logit (𝛷𝑖) = log
𝛷𝑖

1 − 𝛷𝑖
=  𝐱𝒊𝛃 (7.4) 

where 𝛃 are the coefficients for the covariates 𝐱𝒊 in the logit link function. 

The effects of covariates can be incorporated into the Poisson or negative binomial 

distribution by the log-linear model: 

log (𝜇𝑖) =   𝐱𝒊𝛃 (7.5) 

where 𝛃 are the coefficients for the covariates 𝐱𝒊 in the log link function. 

7.4 Results 

In this section we describe the estimation results of five regression models. Each model 

estimates the parameters of the two components (logit and count parts). The effects of 

covariates on the log odds of a structural zero is the logit part and the effects of covariates 

on the expected frequency of activity participation is the count part. Analyses were 

conducted using the R package “pscl” (Jackman et al., 2017). All the categorical 

explanatory variables are effect coded. 
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Table 7.2 Comparisons of goodness of fit measures for zero-inflated Poisson and zero-

inflated negative binomial models 

 ZIP models ZINB models 

 z z Log(α) 

Sedentary activities -14.905*** -15.058*** 3.709*** 

Utilitarian activities -11.828*** -12.679*** 16.650 

Leisure walking -12.762*** -14.712*** 2.866*** 

Joint leisure walking/sedentary 

activities 

-13.592*** -18.627*** 4.098*** 

Skill-based leisure activities -11.407*** -10.251*** 18.066 

Note: z means Voung z-statistic and negative Vuong z-statistic suggests that zero-

inflated models are superior; α means dispersion parameter; ***, **, * mean significant 

at 1%, 5% and 10% level. 

7.4.1 Goodness of fit and model evaluation 

For comparison, we applied five univariate zero-inflated Poisson (ZIP) models and five 

univariate zero-inflated negative binomial (ZINB) models to fit the data. The best final 

models were identified based on the estimate of the dispersion parameter and the Vuong 

test statistic (Vuong, 1989), which is used to examine whether a zero-inflated model fits 

the data significantly better than a standard Poisson or negative binomial model. Table 

7.2 gives the goodness of fit statistics of each model. Finally, the zero-inflated Poisson 

model was selected to predict the frequency of utilitarian activities and skill-based leisure 

activities, and the zero-inflated negative binomial model was selected to predict the 

frequency of sedentary activities, leisure walking and joint leisure walking/sedentary 

activities.  

7.4.2 Model 1: the frequency of sedentary activities 

The first model analyses the frequency of sedentary activity participation. A zero-inflated 

negative binomial model is estimated. The estimation results of model 1 are shown in 

Table 7.3. The logit part of the model 1 suggests that individuals participating more in 

other outdoor activities are significantly associated with higher odds of being a 

nonparticipant in sedentary activities. Individuals with a college education level are more 

likely to be a nonparticipant in sedentary activities, maybe because high educated people 

have a better understanding of the risks of sedentary behavior. Results for income level 

indicate that respondents from the higher level income group are more likely not to 

perform sedentary activities. This might suggest that higher-income individuals tend to 

be physically active. No environmental variables are significantly associated with the 

probability of being a nonparticipant in sedentary activities. 
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The count part of the model 1 suggests negative relationships between the 

frequencies of participation in sedentary activities and physical activities. Individuals in 

the lowest income category are likely to have higher frequencies of participation in 

sedentary activities. This result may be related to the fact that individuals with lower 

income tend to live in less pleasant environments which limit their opportunities to 

conduct leisure physical activities. In addition, we find that having grandchildren in the 

household has a negative effect. Individuals who perceive accessibility to local shops as 

11-15 minutes are likely to conduct less sedentary activities. The results also show a 

negative effect of a distance of less 800 meters to the nearest park. This implies that when 

a park is easily accessible, older adults are likely motivated to go there for leisure 

physical activities instead of (only) sedentary activities. Individuals who are very 

satisfied with neighborhood aesthetics are likely to participate more in sedentary 

activities, suggesting that aesthetically pleasing scenery is attractive and appealing for 

sedentary activities. Individuals with very few or a few friends or neighbors whom they 

know well are found to participate less in sedentary activities. This might be explained 

by the fact that sedentary activities such as sitting and chatting or playing cards usually 

involve presence of other people. 

Table 7.3 Zero-inflated negative binomial model for the frequency of participation in 

sedentary activities 

Variables  Logit part Count (negative 

binomial) part 

 Coefficient p value Coefficient p value 

Intercept  -1.715 0.001 2.342 0.000 

Utilitarian activity frequency 0.126 0.003 -0.026 0.014 

Leisure walking frequency 0.138 0.000 -0.013 0.091 

Joint leisure activity frequency 0.306 0.000 -0.041 0.000 

Skill-based activity frequency 0.149 0.001 -0.056 0.000 

Gender      

Male  -0.138 0.364 -0.029 0.446 

Female  0.138  0.029  

Age      

60-64 -0.306  -0.061  

65-69 -0.118 0.673 -0.022 0.755 

70-74 0.142 0.607 0.074 0.266 

75-79 -0.053 0.863 0.065 0.406 

80+ 0.335 0.279 -0.056 0.470 

Education level     

Primary school or lower -0.810  -0.001  

Middle school -0.251 0.304 -0.006 0.921 

High school 0.149 0.592 0.076 0.339 

College/university 0.912 0.004 -0.069 0.467 

Income level     
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0 ≤ 2000 Chinese Yuan 0.153 0.592 0.129 0.080 

2001 ≤ 3000 Chinese Yuan -0.309  0.014  

3001 ≤ 4000 Chinese Yuan 0.509 0.086 -0.106 0.210 

4000+ Chinese Yuan -0.353 0.191 -0.037 0.611 

Household type     

With grandchildren ≤  12 

years 

-0.252 0.233 -0.095 0.064 

No grandchildren ≤ 12 years 0.252  0.095  

Accessibility to local shops     

0-5 min -0.453  0.126  

6-10 min 0.326 0.151 0.032 0.613 

11-15 min 0.233 0.467 -0.210 0.039 

Over 15 min -0.105 0.722 0.052 0.455 

Distance to the nearest park     

0-800 meters -0.248 0.308 -0.111 0.073 

800-1200 meters 0.352 0.170 0.086 0.181 

1200-1600 meters -0.227 0.361 0.090 0.174 

Over 1600 meters 0.123  -0.064  

Footpath conditions     

Less dissatisfied 0.184 0.494 -0.081 0.239 

Satisfied  -0.358 0.102 0.021 0.704 

Very satisfied 0.174  0.060  

Neighborhood aesthetics     

Very dissatisfied/dissatisfied  -0.190 0.442 -0.018 0.785 

Neither  0.195 0.390 -0.058 0.365 

Satisfied  -0.254  -0.060  

Very satisfied 0.249 0.388 0.135 0.087 

Social capital     

Very few/a few 0.057 0.826 -0.145 0.037 

Neither  0.066  0.087  

A lot -0.082 0.733 0.082 0.173 

Quite a lot -0.041 0.883 -0.025 0.750 

Social cohesion     

Very poor/poor  1.237 0.217 0.199 0.450 

Fair -0.039 0.925 0.019 0.863 

good -0.651 0.100 -0.103 0.308 

Very good -0.547  -0.116  

Dispersion parameter 40.780 0.000   

Log likelihood function -554.889    

Restricted log likelihood -662.760    

McFadden Pseudo R-squared 0.163    

Cox and Snell Pseudo R-

squared 

0.448    
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7.4.3 Model 2: the frequency of utilitarian activities (walking for 

transport) 

The second model is to predict the frequency of participation in utilitarian activities. A 

zero-inflated Poisson model is estimated. The estimation results of model 2 are shown in 

Table 7.4. The logit part of the model 2 suggests that individuals participating more in 

other outdoor activities are more likely to be a nonparticipant in utilitarian activities. 

Individuals aged 80 or over have a higher probability of being a nonparticipant in 

utilitarian activities. Regarding household type, it shows that families with grandchildren 

are significantly negatively associated with being a nonparticipant in utilitarian activities. 

We also find a negative effect for individuals with a lot of friends or neighbors whom 

they know well. 

The count part of the model 2 indicates negative relationships between the 

frequencies of participation in utilitarian activities and other outdoor activities. However, 

the relationships between utilitarian activities and leisure walking and joint leisure 

walking/sedentary activities are nonsignificant, suggesting that once utilitarian activities 

have been incorporated into the daily routine, they are less likely to be affected by 

participation in leisure walking-related activities. This can probably be explained by the 

fact that utilitarian activities tend to be considered to be a priority due to their less 

flexibility and leisure activities are often arranged around these utilitarian activities. 

Households with grandchildren tend to participate more in utilitarian activities. This is 

expected because many grandparents in China take primary responsibility of caring for 

grandchildren including taking them to and from school. Results for perceived 

accessibility to local shops indicate that respondents who perceive accessibility to local 

shops as over 15 minutes are less likely to participate more in utilitarian activities. 

Table 7.4 Zero-inflated Poisson model for the frequency of participation in utilitarian 

activities 

Variables Logit part Count (Poisson) part 

 Coefficient p value Coefficient p value 

Intercept  -2.349 0.000 2.035 0.000 

Sedentary activity frequency 0.087 0.006 -0.019 0.015 

Leisure walking frequency 0.081 0.005 -0.003 0.667 

Joint leisure activity 

frequency 

0.115 0.001 -0.011 0.118 

Skill-based activity 

frequency 

0.153 0.000 -0.023 0.015 

Gender      

Male  0.068 0.631 0.039 0.214 

Female  -0.068  -0.039  

Age      
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60-64 -1.014  0.047  

65-69 -0.416 0.139 0.079 0.160 

70-74 0.311 0.204 0.016 0.791 

75-79 0.447 0.110 -0.025 0.732 

80+ 0.672 0.013 -0.116 0.114 

Education level     

Primary school or lower -0.061  0.014  

Middle school 0.318 0.178 -0.037 0.485 

High school -0.047 0.859 -0.025 0.652 

College/university -0.211 0.477 0.048 0.459 

Income level     

0 ≤ 2000 Chinese Yuan 0.155 0.562 0.030 0.632 

2001 ≤ 3000 Chinese Yuan -0.209  0.077  

3001 ≤ 4000 Chinese Yuan -0.117 0.668 -0.062 0.333 

4000+ Chinese Yuan 0.170 0.502 -0.046 0.418 

Household type     

With grandchildren ≤  12 

years 

-0.540 0.011 0.279 0.000 

No grandchildren ≤ 12 years 0.540  -0.279  

Accessibility to local shops     

0-5 min 0.453  0.121  

6-10 min 0.063 0.774 -0.001 0.978 

11-15 min -0.261 0.451 0.027 0.667 

Over 15 min -0.255 0.378 -0.147 0.022 

Distance to the nearest park     

0-800 meters -0.331 0.156 0.014 0.779 

800-1200 meters 0.254 0.275 -0.026 0.638 

1200-1600 meters -0.149 0.541 -0.089 0.101 

Over 1600 meters 0.226  0.101  

Footpath conditions     

Less dissatisfied -0.078 0.759 0.039 0.465 

Satisfied  0.188 0.359 -0.034 0.468 

Very satisfied -0.110  -0.005  

Neighborhood aesthetics     

Very dissatisfied/dissatisfied  0.186 0.445 0.033 0.533 

Neither  0.128 0.557 -0.020 0.685 

Satisfied  0.029  -0.039  

Very satisfied -0.343 0.216 0.026 0.648 

Social capital     

Very few/a few 0.329 0.181 0.055 0.289 

Neither  0.257  -0.005  

A lot -0.390 0.081 -0.051 0.314 

Quite a lot -0.195 0.469 0.001 0.981 

Social cohesion     

Very poor/poor  0.804 0.341 -0.021 0.919 

Fair -0.325 0.358 -0.007 0.930 

good -0.207 0.548 0.007 0.934 
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Very good -0.272  0.021  

Log likelihood function -704.989    

Restricted log likelihood -844.998    

McFadden Pseudo R-squared 0.166    

Cox and Snell Pseudo R-

squared 

0.538    

 

7.4.4 Model 3: the frequency of walking for leisure 

The third model is used to analyze the frequency of participation in walking for leisure. 

A zero-inflated negative binomial model is estimated. The estimation results of model 3 

are shown in Table 7.5. The logit part of the model 3 suggests that individuals 

participating more in other activities are significantly related to higher odds of being a 

nonparticipant in leisure walking. Older men are less likely to be a nonparticipant in 

walking for leisure.  Individuals aged 80 or over have a higher tendency to be a 

nonparticipant in walking for leisure. Individuals with lower or middle education level 

are positively associated with being a nonparticipant in walking for leisure. 

The count part of the model 3 suggests negative relationships between the 

frequencies of participation in leisure walking and other activities. Except for the 

relationships between the frequencies of leisure walking and utilitarian activity, all 

relationships are highly significant. It is quite likely that these results are associated with 

the nature of outdoor activities. Leisure walking represents older people’s pursuit of 

outdoor recreation and utilitarian activity is related to older adults’ family 

responsibilities. These two types of activities represent different demands and thus they 

are not related. However, the nature of leisure walking and other leisure activities is 

similar and thus the frequency of individuals’ participation in leisure walking is 

negatively related to frequencies of their participation in other leisure activities. 

Individuals having access to parks within a distance of 800-1200 meters are found to 

participate more in walking for leisure. Individuals with little social capital are found to 

conduct less walking for leisure, whereas the opposite holds for the high social capital 

group. 

Table 7.5 Zero-inflated negative binomial model for the frequency of participation in 

walking for leisure 

Variables Logit part Count (negative 

binomial) part 

 Coefficient p value Coefficient p value 

Intercept  -2.484 0.000 2.472 0.000 

Sedentary activity frequency 0.112 0.000 -0.025 0.001 

Utilitarian activity frequency 0.070 0.082 -0.015 0.112 
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Joint leisure activity 

frequency 

0.286 0.000 -0.046 0.000 

Skill-based activity 

frequency 

0.232 0.000 -0.046 0.000 

Gender      

Male  -0.404 0.008 0.019 0.627 

Female  0.404  -0.019  

Age      

60-64 -0.413  0.053  

65-69 -0.062 0.823 -0.066 0.328 

70-74 -0.226 0.390 -0.064 0.311 

75-79 0.069 0.816 0.075 0.298 

80+ 0.631 0.032 0.002 0.977 

Education level     

Primary school or lower 0.303  0.112  

Middle school 0.434 0.076 -0.028 0.651 

High school -0.356 0.195 -0.041 0.535 

College/university -0.380 0.224 -0.043 0.532 

Income level     

0 ≤ 2000 Chinese Yuan -0.146 0.618 -0.076 0.286 

2001 ≤ 3000 Chinese Yuan 0.200  0.043  

3001 ≤ 4000 Chinese Yuan -0.049 0.865 -0.049 0.465 

4000+ Chinese Yuan -0.006 0.983 0.082 0.199 

Household type     

With grandchildren ≤  12 

years 

0.264 0.204 -0.023 0.646 

No grandchildren ≤ 12 years -0.264  0.023  

Accessibility to local shops     

0-5 min 0.058  -0.081  

6-10 min 0.113 0.606 0.001 0.980 

11-15 min -0.091 0.776 0.047 0.528 

Over 15 min -0.081 0.784 0.032 0.641 

Distance to the nearest park     

0-800 meters 0.034 0.884 -0.064 0.291 

800-1200 meters -0.300 0.212 0.139 0.016 

1200-1600 meters 0.234 0.341 0.001 0.986 

Over 1600 meters 0.031  -0.076  

Footpath conditions     

Less dissatisfied -0.196 0.465 -0.019 0.755 

Satisfied  0.024 0.911 0.050 0.310 

Very satisfied 0.171  -0.031  

Neighborhood aesthetics     

Very dissatisfied/dissatisfied  0.005 0.982 0.026 0.657 

Neither  0.009 0.968 0.032 0.589 

Satisfied  -0.204  -0.047  

Very satisfied 0.190 0.482 -0.011 0.893 

Social capital     
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Very few/a few 0.286 0.248 -0.174 0.007 

Neither  0.131  0.122  

A lot -0.105 0.660 0.109 0.051 

Quite a lot -0.313 0.267 -0.057 0.456 

Social cohesion     

Very poor/poor  0.066 0.928 0.137 0.390 

Fair -0.015 0.963 -0.032 0.683 

good -0.187 0.563 -0.097 0.177 

Very good 0.137  -0.009  

Dispersion parameter 17.580 0.000   

Log likelihood function -687.688    

Restricted log likelihood -785.401    

McFadden Pseudo R-

squared 

0.124    

Cox and Snell Pseudo R-

squared 

0.416    

7.4.5 Model 4: the frequency of joint leisure walking/sedentary 

activities 

The fourth model is to predict the frequency of joint leisure walking/sedentary activities. 

A zero-inflated negative binomial model is estimated. The estimation results of model 4 

are shown in Table 7.6. The logit part of the model 4 suggests that individuals 

participating more in other activities are more likely to be a nonparticipant in joint leisure 

activities. Older men have a lower probability of being a nonparticipant in joint leisure 

activities. The results also show that high income level has a positive effect. Regarding 

social capital, we find a positive effect for individuals with little social capital. 

The count part of the model 4 suggests significantly negative relationships between 

the frequencies of participation in joint leisure activities and all the other activities. 

Individuals aged 80 or over are found to conduct less joint leisure activities. Individuals 

who perceive accessibility to local shops as 11-15 minutes are likely to conduct less joint 

leisure activities, however, the opposite holds for those who perceive accessibility to 

local shops as over 15 minutes. This is plausible because a 11-15 minutes time-distance 

from local shops is relatively longer and might not prevent older adults from doing the 

daily shopping but they have to spend less time engaging in leisure activities, while an 

over 15 minutes time-distance from local shops is more likely to hinder older adults in 

doing the daily shopping and then they might choose to fill their relatively more 

discretionary time by participating more in leisure activities. Individuals who are (very) 

dissatisfied with neighborhood aesthetics are less likely to conduct more joint leisure 

activities. However, those who are very satisfied with neighborhood aesthetics tend to 

engage more in joint leisure activities. 
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Table 7.6 Zero-inflated negative binomial model for the frequency of participation in 

joint leisure walking/sedentary activities 

Variables Logit part Count (negative 

binomial) part 

 Coefficient p value Coefficient p value 

Intercept  -3.329 0.000 2.471 0.000 

Sedentary activity frequency 0.326 0.000 -0.037 0.000 

Utilitarian activity frequency 0.166 0.001 -0.028 0.002 

Leisure walking frequency 0.332 0.000 -0.023 0.003 

Skill-based activity 

frequency 

0.301 0.000 -0.062 0.000 

Gender      

Male  -0.670 0.000 0.018 0.572 

Female  0.670  -0.018  

Age      

60-64 0.083  0.178  

65-69 0.298 0.372 -0.014 0.840 

70-74 0.500 0.125 0.023 0.694 

75-79 -0.595 0.105 -0.051 0.410 

80+ -0.286 0.445 -0.137 0.020 

Education level     

Primary school or lower -0.326  0.062  

Middle school 0.042 0.886 -0.079 0.135 

High school -0.044 0.894 0.036 0.545 

College/university 0.329 0.376 -0.020 0.782 

Income level     

0 ≤ 2000 Chinese Yuan -0.112 0.744 0.042 0.507 

2001 ≤ 3000 Chinese Yuan -0.180  0.047  

3001 ≤ 4000 Chinese Yuan 0.736 0.037 -0.010 0.871 

4000+ Chinese Yuan -0.444 0.170 -0.079 0.172 

Household type     

With grandchildren ≤  12 

years 

0.386 0.134 -0.024 0.660 

No grandchildren ≤ 12 years -0.386  0.024  

Accessibility to local shops     

0-5 min -0.279  0.090  

6-10 min -0.300 0.260 0.007 0.885 

11-15 min 0.112 0.767 -0.234 0.003 

Over 15 min 0.467 0.196 0.137 0.067 

Distance to the nearest park     

0-800 meters -0.057 0.843 0.008 0.881 

800-1200 meters 0.017 0.959 -0.016 0.776 

1200-1600 meters 0.099 0.752 0.036 0.527 

Over 1600 meters -0.058  -0.028  

Footpath conditions     

Less dissatisfied 0.523 0.119 0.083 0.216 
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Satisfied  -0.417 0.108 -0.002 0.967 

Very satisfied -0.106  -0.081  

Neighborhood aesthetics     

Very dissatisfied/dissatisfied  0.138 0.653 -0.184 0.003 

Neither  -0.290 0.290 -0.049 0.307 

Satisfied  0.694  0.008  

Very satisfied -0.541 0.104 0.226 0.000 

Social capital     

Very few/a few 0.818 0.012 -0.007 0.903 

Neither  -0.128  -0.054  

A lot -0.479 0.103 0.049 0.333 

Quite a lot -0.212 0.564 0.012 0.843 

Social cohesion     

Very poor/poor  -0.189 0.812 0.077 0.612 

Fair -0.518 0.184 -0.054 0.434 

good 0.290 0.425 -0.036 0.619 

Very good 0.417  0.013  

Dispersion parameter 60.274 0.000   

Log likelihood function -580.752    

Restricted log likelihood -735.588    

McFadden Pseudo R-squared 0.210    

Cox and Snell Pseudo R-

squared 

0.574    

7.4.6 Model 5: the frequency of skill-based leisure activities 

The last model is used to analyze the frequency of vigorous activity participation. A zero-

inflated Poisson model is estimated. The estimation results of model 5 are shown in Table 

7.7. The logit part of the model 5 suggests that individuals participating more in other 

activities are more likely to be a nonparticipant in skill-based leisure activities. 

Individuals aged 80 or over have a higher likelihood of being a nonparticipant in skill-

based leisure activities. In addition, the results show a negative effect for individuals who 

are very satisfied with neighborhood aesthetics. However, we find a positive effect for 

individuals with little social capital. 

The count part of the model 5 indicates negative relationships between the 

frequencies of participation in skill-based leisure activities and other activities. However, 

the relationship between the frequencies of skill-based leisure activity and utilitarian 

activity is non-significant. Individuals with high social capital are found to conduct more 

skill-based leisure activities. The result is reasonable, since the incidence of these 

activities generally depends on the presence of others. Regarding physical environmental 

attributes, we find that none of these variables affect the frequency of participation in 

skill-based leisure activities. This might be because participants in these activities tend 

to be members of a group (i.e., a line dancing group, a Tai Chi group) and the frequency 
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of occurrence of these activities is highly related to group decisions, and thus are more 

or less independent of the physical environment. 

Table 7.7 Zero-inflated Poisson model for the frequency of participation in skill-based 

leisure activities 

Variables Logit part Count (Poisson) part 

 Coefficient p value Coefficient p value 

Intercept  -1.602 0.015 2.701 0.000 

Sedentary activity frequency 0.183 0.000 -0.087 0.000 

Utilitarian activity frequency 0.172 0.001 -0.010 0.629 

Leisure walking frequency 0.241 0.000 -0.069 0.000 

Joint leisure activity 

frequency 

0.398 0.000 -0.042 0.029 

Gender      

Male  -0.259 0.182 0.001 0.985 

Female  0.259  -0.001  

Age      

60-64 -1.263  0.006  

65-69 -0.258 0.468 -0.181 0.113 

70-74 -0.260 0.442 -0.118 0.235 

75-79 0.656 0.130 0.165 0.231 

80+ 1.125 0.010 0.128 0.375 

Education level     

Primary school or lower 0.059  -0.137  

Middle school 0.224 0.467 0.065 0.445 

High school 0.014 0.970 0.052 0.655 

College/university -0.297 0.416 0.020 0.854 

Income level     

0 ≤ 2000 Chinese Yuan 0.107 0.776 -0.005 0.958 

2001 ≤ 3000 Chinese Yuan 0.097  0.107  

3001 ≤ 4000 Chinese Yuan 0.145 0.690 -0.016 0.873 

4000+ Chinese Yuan -0.348 0.291 -0.086 0.340 

Household type     

With grandchildren ≤  12 

years 

0.344 0.194 -0.062 0.591 

No grandchildren ≤ 12 years -0.344  0.062  

Accessibility to local shops     

0-5 min -0.490  0.228  

6-10 min -0.046 0.878 -0.118 0.251 

11-15 min 0.241 0.586 -0.147 0.332 

Over 15 min 0.294 0.466 0.037 0.765 

Distance to the nearest park     

0-800 meters -0.181 0.538 0.128 0.161 

800-1200 meters -0.066 0.842 0.021 0.863 

1200-1600 meters 0.342 0.326 0.012 0.902 

Over 1600 meters -0.095  -0.161  
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Footpath conditions     

Less dissatisfied 0.087 0.805 0.128 0.270 

Satisfied  -0.361 0.186 0.017 0.855 

Very satisfied 0.274  -0.144  

Neighborhood aesthetics     

Very dissatisfied/dissatisfied  0.255 0.443 0.006 0.958 

Neither  0.140 0.630 0.048 0.602 

Satisfied  0.252  -0.048  

Very satisfied -0.647 0.051 -0.006 0.953 

Social capital     

Very few/a few 1.013 0.007 -0.218 0.128 

Neither  -0.265  -0.174  

A lot -0.218 0.464 0.159 0.087 

Quite a lot -0.530 0.114 0.232 0.035 

Social cohesion     

Very poor/poor  0.263 0.807 0.231 0.552 

Fair 0.047 0.922 -0.017 0.920 

good -0.136 0.753 -0.093 0.551 

Very good -0.174  -0.121  

Log likelihood function -295.008    

Restricted log likelihood -400.836    

McFadden Pseudo R-squared 0.264    

Cox and Snell Pseudo R-

squared 

0.442    

7.5 Conclusions and discussion 

This study examined the influences of socio-demographics and neighborhood 

environmental characteristics on the frequency of participation in type-specific outdoor 

activities. Zero-inflated count models were estimated on data obtained from a survey 

including subjective measurements of the neighborhood environment and self-reported 

outdoor activity travel behavior over a typical week from a sample of 363 respondents 

aged 60 years and over in Dalian, China, conducted in 2017. 

With respect to socio-demographics, the results suggest that older men are less 

likely to be a nonparticipant in leisure walking and joint leisure walking/sedentary 

activities. This finding implies that older Chinese men have a higher preference for 

leisure walking and related activities. Individuals aged 80 and over have a higher 

likelihood of being a nonparticipant in utilitarian activities, leisure walking and skill-

based leisure activities. Individuals with college education level are more likely to be a 

nonparticipant in sedentary activities, while those with primary or middle education level 

have a higher probability of being a nonparticipant in leisure walking. Individuals with 

higher income level have a higher tendency to be a nonparticipant in sedentary activities 

and joint leisure walking/sedentary activities, while those in the lowest income group are 
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likely to participate more in sedentary activities. Having grandchildren in the household 

is found to have a negative effect on the frequency of participation in sedentary activities 

and the probability of not engaging in utilitarian activities. It is also found to be positively 

associated with the frequency of conducting utilitarian activities. 

Regarding neighborhood environmental characteristics, our study indicates that 

individuals who perceive accessibility to local shops as 11-15 minutes are likely to 

conduct less sedentary activities and joint leisure walking/sedentary activities. Those 

who perceive accessibility to local shops as over 15 minutes are likely to conduct less 

utilitarian activities but more joint leisure walking/sedentary activities. A distance of less 

than 800 meters to the nearest park has a negative effect on the frequency of participation 

in sedentary activities. A distance of 800-1200 meters to the nearest park is positively 

associated with the frequency of participation in leisure walking. Footpath conditions do 

not have significant influences on the frequency of participation in any activities. 

Individuals who are very satisfied with neighborhood aesthetics are likely to participate 

more in sedentary activities and joint leisure walking/sedentary activities. Those who are 

less satisfied with neighborhood aesthetics are likely to conduct less joint leisure 

walking/sedentary activities. It is also negatively correlated with the propensity not to 

participate in skill-based leisure activities. Little social capital is negatively associated 

with the frequency of participation in sedentary activities and leisure walking. It is also 

positively linked to the propensity not to participate in joint leisure walking/sedentary 

activities and skill-based leisure activities. High social capital is negatively associated 

with the propensity not to participate in utilitarian activities and positively associated 

with the frequency of participation in leisure walking and skill-based leisure activities. 

Social cohesion does not have significant associations with the frequency of participation 

in any activities. 

The conclusions presented here were derived from the Chinese context, providing 

useful information for comparison with findings of most previous studies in the Western 

contexts. First, as in previous studies ( Cao et al., 2006; Van Cauwenberg et al., 2012), 

in this study it is also found that access to shops is correlated with utilitarian walking in 

this study. However, in contrast to research indicating no relationships between access 

to shops and leisure walking or leisure time physical activities (Nagel et al., 2008; Van 

Holle et al., 2014), this study shows that lower accessibility to local shops has a negative 

effect on participation in joint leisure walking/sedentary activities. This may be a 

reflection of the fact that the private car ownership is pretty low among Chinese elderly 

and that they have a greater reliance on walking when shopping and thus they might have 

to reduce their leisure trips to maintain their shopping demand in the face of a lower 

accessibility to local shops. However, a high level of car ownership is observed among 

the elderly in most Western countries and they rely more on their cars when shopping 

(Grotz and Fo, 2006; Hjorthol et al., 2010), thus they may easily overcome the barriers 
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of accessibility to local shops while not reducing their leisure trips. In this sense, 

accessibility to local shops seems more important for older adults without a car, as it is 

relevant to not only their shopping activities but also their leisure activities.  

Second, the study shows that footpath condition is not associated with participation 

in any outdoor activities. This result does not correspond to the findings of previous 

studies (e.g., Tsunoda et al., 2012; Cerin et al., 2013) which showed positive 

relationships between footpath conditions and physical activity. One possible reason is 

that our study focused on the frequency of physical activities and footpath conditions 

might not be related to older people’s demands for activity frequency and thus have 

limited influence. However, previous studies mainly investigated older adults’ overall 

physical activity levels and footpath conditions might correlate with overall physical 

activity levels through affecting the duration of physical activities.  

Third, corresponding to the findings of previous studies (e.g., Lindström et al., 

2001; McNeill et al., 2006; Lindström, 2011), the results of this study reveal that social 

capital plays an important role in supporting Chinese older adults conducting many types 

of physical activities. It suggests that social capital in relation to older adults’ physical 

activity behavior might be independent of cultural differences. 

This chapter sheds lights into the relationship between neighborhood 

characteristics and the frequency of type-specific physical activities of older adults. 

Overall, the findings from this chapter show the importance of neighborhood 

characteristics to explain the variation in physical activity frequencies of older adults. 

The next chapter will simultaneously take the physical activity type, duration and 

frequency into account and further explore the role of neighborhood characteristics in 

complete patterns of weekly outdoor activity-travel behavior of older adults. 
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8  
Social-Ecological 

Correlates of Outdoor 
Activity Patterns* 

 
 

8.1 Introduction 

Leisure-time physical activity can be a substantial source of physical activity in older 

adults (≥ 60 years), because they typically have more discretionary time to participate in 

leisure-time physical activity after retirement. Moreover, leisure-time physical activity 

is particularly beneficial because, apart from conferring physical health benefits (Arem 

et al., 2015; Sofi, Capalbo et al., 2008), it is more strongly related to mental health 

benefits and supports more social interaction than other physical activity domains 

(Sugiyama et al., 2008; Cerin et al., 2009). Thus, leisure-time physical activity has 

received considerably much attention in the literature. 

 

                                        

* This chapter is based on Liu, Z., Kemperman, A.D.A.M., Timmermans, H.J.P. (2020). 

Social-ecological correlates of older adults’ outdoor activity patterns. Journal of 

Transport & Health (In press). 
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Older adults can engage in weekly leisure-time physical activity in different ways. 

For example, one person might frequently participate in shorter durations of leisure-time 

physical activity, while another’s leisure-time physical activity is done infrequently but 

for longer durations. In order to increase the long-term adherence to leisure-time physical 

activity, matching leisure-time physical activity prescriptions to older adults’ habitual 

patterns is recommended, and therefore, insights into the patterns of leisure-time physical 

activity among older adults are needed. However, existing research has primarily focused 

on a summary score of leisure-time physical activity levels (e.g., Cerin et al., 2013; 

Huston et al., 2003; Lindström et al., 2001), ignoring the differences in patterns of 

leisure-time physical activity behavior of older adults. 

In addition, older adults may participate in multiple domains/types of outdoor 

activity for different purposes in a week. For example, some older adults who have more 

household duties may often walk for utilitarian purposes (i.e., shopping) and as a leisure 

activity for fun, relaxation or exercise, while others who tend to participate in leisure-

time walking for exercise may also often conduct sedentary activities such as playing 

cards or mahjong which is an important social activity for the older Chinese population 

(Li and Zhang, 2015). A systematic analysis of the diverse outdoor activities, and an 

identification of weekly outdoor activity participation patterns among older adults, may 

provide an improved understanding of the interplay among outdoor activities, in relation 

to older adults’ overall outdoor physical activity levels. However, existing studies of 

leisure-time physical activity have primarily concentrated on these issues in isolation. 

For example, it remains unclear whether an infrequent, shorter duration of leisure-time 

physical activities is associated with high weekly levels of utilitarian physical activity. 

Further, the question of whether high levels of leisure-time physical activities and high 

levels of sedentary activities co-exist in a group of older adults remains unanswered.  

Older adults’ outdoor activity behavior can potentially be explained by social and 

ecological factors that may operate at multiple levels (Sallis and Owen, 2002). Existing 

research on older adults’ overall leisure-time physical activity levels (e.g., Gao et al., 

2015; Wilcox et al., 2000) has emphasized this social-ecological approach to understand 

whether differences in older adults’ overall leisure-time physical activity levels can be 

attributed to differences in socio-demographic and neighborhood characteristics. Van 

Cauwenberg et al. (2018) systematically reviewed the research into the relationships 

between environmental attributes and leisure-time physical activity of older adults. They 

found that access to parks/open space, and aesthetically pleasing scenery were 

significantly associated with leisure time walking/physical activity of older adults. 

Socio-demographic characteristics such as gender, age, education, income and household 

structure have also been demonstrated associations with older adults’ physical activity 

(Booth et al., 1997; Menai et al., 2015; Milanovic et al., 2013; Satariano et al., 2010; 

Weiss et al., 2007). Despite the considerable amount of research on older adults’ physical 
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activity levels, relatively few studies have examined the effects of socio-demographic 

and neighborhood characteristics on older adults’ physical activity patterns. Some 

examples include Arnardottir et al. (2013), Mooney et al. (2015), and Steeves et al. 

(2019). Specifically, Arnardottir et al. (2013) examined gender differences in daily 

physical activity patterns of older adults in terms of the amount of activity during a 4-h 

period. They found that men were physically more active than women between 4 a.m.-8 

a.m. and 8 a.m.-noon. Mooney et al. (2015) investigated patterns of types of physical 

activity among older adults and correlates of these patterns. They found that individual 

and neighborhood characteristics were associated with distinct physical activity patterns. 

Steeves et al. (2019) examined the differences in physical activity patterns of older adults 

in terms of the activity counts/minute and timing of activity within different physical 

functioning groups. They found that during the most active hour of the day (11:00 a.m.), 

the oldest, lowest physical functioning group was less active than the youngest, highest 

physical functioning group. However, the focus of these studies is not specifically on 

older adults’ patterns of weekly outdoor activities which are considered to have a greater 

effect on physical and mental health than indoor physical activities (Thompson Coon et 

al., 2011). 

Apart from the above methodological and substantive knowledge gaps, another 

limitation is that most studies were conducted in Western countries such as United States, 

Europe and Australia and studies in Asia countries, such as China, are scant. Different 

regions or countries tend to have different cultures and people from different cultural 

backgrounds tend to have different preferences for outdoor leisure activities. For 

instance, traditional Chinese leisure culture has heavily affected the attitudes and 

behaviors of the leisure activity of Chinese people (Feng, 2017). They have a higher 

preference for participation in playing mahjong/chess, Tai Chi, Qigong or line dancing, 

while Whites in the US are more likely to participate in physical exercise such as running, 

jogging or walking (Sasidharan et al., 2005; Liu et al., 2008). These differences in 

preferences toward leisure activities may in turn cause different demands for 

environmental supportiveness. Thus, findings on the relationships between 

neighborhood characteristics and physical activity in older adults based on data from 

Western countries may not be applicable to Asian countries such as China. Given these 

limitations, the purpose of this study is threefold: (a) to determine whether distinct 

patterns exist among Chinese older adults in their weekly outdoor activity participation, 

and (b) to explore how these patterns of outdoor activity participation are associated with 

older adults’ overall outdoor physical activity levels, and (c) to examine associations of 

these patterns of outdoor activity participation with socio-demographic and 

neighborhood characteristics. 
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8.2 Methods  

A cluster analysis approach was used to identify patterns of weekly outdoor activity 

behavior that may influence older adults’ overall outdoor physical activity levels. Cluster 

analysis focuses primarily on the process of categorization (Norusis, 2010). By grouping 

older adults who have similar leisure-time physical activity participation patterns in 

terms of frequency and average episode duration and who participate in similar weekly 

amounts of utilitarian physical activity and sedentary activity, patterns of weekly outdoor 

activity participation can be identified.  

 In order to perform the analysis seeking to categorize the sample based on similar 

attributes, the specific outdoor activities that respondents reported were grouped into a 

total of 3 categories (Table 8.1).  

Based on these considerations, the frequency of weekly leisure-time physical 

activity, the average episode duration of leisure-time physical activity, the weekly total 

amounts of utilitarian activity and sedentary activity related to 363 respondents were 

included in the cluster analysis. The weekly total amounts of utilitarian activity and 

sedentary activity were calculated by summing the durations of each type-specific 

activity episode. The average episode duration of leisure-time physical activity was 

obtained as the ratio of the weekly total amount of leisure-time physical activity to its 

frequency. Cluster analysis was then conducted using the two-step procedure in SPSS 

(SPSS Statistics v.23). The clustering algorithm is based on the log-likelihood distance 

(Arminger et al., 1995). Although variables in the cluster analysis were measured on 

different scales, the algorithm will automatically standardize all these variables. The 

goodness-of-fit of the cluster solutions was measured using the silhouette measure of 

cohesion and separation, which is based on the average distances between -1 and +1 

(Rousseeuw, 1987). 

Table 8.1 Older adults’ weekly outdoor activity types 

Activity type Description  

Leisure-time physical 

activity 

Leisure walking, Walking the dog, Dancing, Tai Chi, 

Qi Gong, Jogging, Playing balls, Using outdoor fitness 

equipment for stretching or physical exercise. 

Utilitarian physical activity Bringing grandchildren to school, Picking up 

grandchildren from school, Daily shopping, and Non-

daily shopping. 

Sedentary activity  Sitting and viewing or chatting, Playing 

cards/mahjong/chess, Staying in open spaces while 

watching grandchildren.  
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Following the cluster analysis, additional analyses were performed to examine the 

characteristics of the identified clusters. First, one-way analysis of variance and chi-

square tests were conducted to explore differences in two measures of weekly outdoor 

physical activity levels across the identified groups. The weekly total outdoor physical 

activity levels were calculated by summing the levels of each physical activity episode 

which was calculated by multiplying intensity and duration. The intensity of all physical 

activities was not collected during the survey. Instead, each type-specific physical 

activity was assigned a MET value indicating its intensity, according to the 2011 

compendium of physical activities (Ainsworth et al., 2011). Post-hoc tests were 

conducted to identify which particular differences between pairs of clusters are 

significant in terms of the mean of the weekly total outdoor physical activity levels. 

Second, a multinomial logistic regression model was estimated to examine the social-

ecological correlates of each outdoor activity participation pattern (represented by each 

cluster). 

8.3 Results 

8.3.1 Sample characteristics 

Given that sample size guidelines for multinomial logistic regression indicate a minimum 

of 10 cases per independent variable and the sample contains a low percentage of people 

with low levels of satisfaction with neighborhood characteristics, all 5-point Likert scale 

items related to neighborhood characteristics were reduced into 3-category variables. 

The basic sample characteristics are shown in Table 8.2. The results indicated that 

slightly more females than males participated in the study. They were almost equally 

distributed over the age categories from 60 to 80+ years of age. According to the most 

recent census (Dalian Municipal Bureau of Statistics, 2016), the Dalian female older 

population was 50.3% and the age group 60-64 made up 34.4% of the older population 

of Dalian with 48.0% and 17.6% in the age group 65-79 and 80+ respectively. Thus, the 

sample is reasonably representative of the Dalian older population in terms of gender and 

age. About one third of the respondents had primary education or lower, and 41.0% of 

the respondents had physical limitations. Households with no grandchildren made up 

80.4% of the sample. Regarding neighborhood environmental characteristics, the results 

showed that the majority of the respondents (73.5%) perceived accessibility to local 

shops as within 10 minutes. About fifty-two percent and twenty-nine percent were less 

satisfied with traffic safety and crime safety respectively. Regarding social capital, the 

results showed that 22.6% of the sample stated that they had quite a lot of friends or 

neighbors in their neighborhood whom they know well enough to talk with. Thirty-eight 

percent of respondents rated their social relations with neighbors as very good. 
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Table 8.2 Sample characteristics (N = 363)  

Variable  Levels  N % 

Socio-demographics    

Gender  Male      173 47.7 

 Female 190 52.3 

Age  60-64  80 22.0 

 65-69 73 20.1 

 70-74 76 21.0 

 75-79 60 16.5 

 80+ 74 20.4 

Education level Primary school or lower  119 32.8 

 Middle school 106 29.2 

 High school 72 19.8 

 College/university 66 18.2 

Income level 0 ≤ 2000 Chinese Yuan  88 24.2 

 2001 ≤ 3000 Chinese Yuan 111 30.6 

 3001 ≤ 4000 Chinese Yuan 62 17.1 

 4000+ Chinese Yuan 102 27.1 

Physical limitations Yes  149 41.0 

 No  214 59.0 

Household type With grandchildren ≤ 12 years 71 19.6 

 No grandchildren ≤ 12 years 292 80.4 

Environmental 

characteristics 

   

Accessibility to local shops 0-5 min  134 36.9 

 6-10 min 133 36.6 

 11-15 min 41 11.3 

 Over 15 min 55 15.2 

Distance to the nearest park  0-800 meters  90 24.8 

 800-1200 meters 87 24.0 

 1200-1600 meters 77 21.2 

 Over 1600 meters 109 30.0 

Footpath conditions Less satisfied  55 15.1 

 Satisfied  107 29.5 

 Very satisfied  201 55.4 

Neighborhood aesthetics Less satisfied  191 52.6 

 Satisfied  103 28.4 

 Very satisfied  69 19.0 

Traffic safety Less satisfied  190 52.3 

 Satisfied  123 33.9 

 Very satisfied  50 13.8 

Crime safety Less satisfied  106 29.2 

 Satisfied  181 49.9 

 Very satisfied  76 20.9 

Social capital  Some   214 59.0 

 A lot 67 18.4 
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 Quite a lot 82 22.6 

Social cohesion  Less good 95 26.2 

 Good 130 35.8 

 Very good 138 38.0 

 

8.3.2 Outdoor activity patterns 

The first aim of the study was to explore whether distinct patterns of outdoor activity 

participation exist among older adults. The two-step cluster analysis produced five 

clusters. The average silhouette width provides an evaluation of clustering validity, 

which ranges from -1, when the clustering configuration has been arbitrary, to 1, when 

the clustering configuration is unequivocal. The silhouette score in the present study was 

0.4, suggesting a fair cluster solution. Table 8.3 shows total frequency (trips/week) of 

participation in leisure-time physical activity, average time (minutes/trip) spent on the 

leisure-time physical activity, total time (minutes/week) spent on utilitarian activities  

(active travel) and total time (minutes/week) spent on sedentary activities by older adults 

belonging to each cluster. 

Table 8.3 Cluster profiles 

Variable  Cluster 1 

Utilitarian 

activity 

pattern 

(12.4%) 

Cluster 2 

Low 

frequency

/short 

duration 

LTPA 

pattern 

(25.9%) 

Cluster 3 

Sedentary 

activity 

pattern 

(10.5%) 

Cluster 4 

Long 

duration 

LTPA 

pattern 

(24.2%) 

Cluster 5 

High 

frequency 

LTPA 

pattern 

(27.0%) 

Total  

 Mean 

(SD) 
Mean 

(SD) 
Mean 

(SD) 
Mean 

(SD) 
Mean 

(SD) 
Mean 

(SD) 
Freq. of 

LTPA 

(trips/week) 

8.8 

(5.0) 
6.4 

(5.2) 
9.3 

(5.2) 
9.2 

(3.6) 
19.0 

(5.8) 
11.1 

(7.0) 

Du. of 

LTPA 

(min/trip) 

50.1 

(29.5) 
17.0 

(13.8) 
40.4 

(22.0) 
70.0 

(22.8) 
45.5 

(13.2) 
44.1 

(27.1) 

Amounts of 

utilitarian 

activities 

(min/week) 

455.3 

(181.9) 
87.1 

(86.7) 
68.8 

(81.4) 
84.5 

(66.2) 
81.0 

(77.8) 
128.5 

(156.5) 

Amounts of 

sedentary 

activities 

(min/week) 

366.9 

(417.0) 
612.1 

(476.4) 
2159.1 

(498.6) 
653.8 

(470.5) 
464.8 

(377.4) 
714.0 

(671.4) 

Note: LTPA = leisure-time physical activity 
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Cluster 1 showed a utilitarian activity pattern and represented 12.4% of the sample. 

The cluster was characterized by medium frequency/medium duration of leisure-time 

physical activity, high amounts of total utilitarian activities and low amounts of total 

sedentary activities. This cluster had the highest amount of time spent on utilitarian 

activities relative to other clusters. Cluster 2 may be labelled low frequency/short 

duration leisure-time physical activity pattern and represented 25.9% of the sample. 

Cluster 2 was characterized by low frequency/short duration of leisure-time physical 

activity, moderate amounts of total utilitarian activities and moderate amounts of total 

sedentary activities. This cluster participated in leisure-time physical activity least 

frequently and had the shortest average time spent on leisure-time physical activity in a 

trip relative to other clusters.  Cluster 3 represented 10.5% of the sample and may be 

labelled sedentary activity pattern. The cluster was characterized by medium 

frequency/medium duration of leisure-time physical activity, moderate amounts of total 

utilitarian activities and high amounts of total sedentary activities. This cluster has the 

highest amount of time spent on sedentary activities. Cluster 4 represented 24.2% of the 

sample and may be labelled long duration leisure-time physical activity pattern. The 

cluster was characterized by medium frequency/long duration of leisure-time physical 

activity, moderate amounts of total utilitarian activities and moderate amounts of total 

sedentary activities. This cluster had the longest average time spent on leisure-time 

physical activity on a trip. Cluster 5 represented 27.0% of the sample and may be labelled 

high frequency leisure-time physical activity pattern. The cluster was characterized by 

high frequency/medium duration of leisure-time physical activity, moderate amounts of 

total utilitarian activities and low amounts of total sedentary activities. This cluster 

participated in leisure-time physical activity most frequently relative to other clusters. 

8.3.3 Outdoor activity patterns and physical activity levels 

The second research aim involved examining the relationship between older adults’ 

outdoor activity patterns and physical activity levels. Two measures of physical activity 

levels were significantly different across these five patterns (Table 8.4). Cluster 1 with a 

utilitarian activity pattern was the most active group, whereas Cluster 2 with a low 

frequency/short duration leisure-time physical activity pattern was the least active group. 

Cluster 3 with a sedentary activity pattern was the second least active group. The post-

hoc tests confirmed that Cluster 3 was significantly higher than cluster 2 in terms of total 

physical activity levels, although individuals in cluster 3 spent the highest amount of 

time on sedentary activities. Cluster 4 with a long duration leisure-time physical activity 

pattern was the third most active group. Cluster 5 with a high frequency leisure-time 

physical activity pattern was the second most active group.  The post-hoc test results 

indicated that Cluster 4 was significantly lower than Cluster 5 in terms of total physical 

activity levels.  
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Table 8.4 Difference in physical activity levels across clusters 

Variable  Cluster 1 

Utilitarian 

activity 

pattern 

Cluster 2 

Low 

frequency/

short 

duration 

LTPA 

pattern 

Cluster 3 

Sedentary 

activity 

pattern 

Cluster 4 

Long 

duration 

LTPA 

pattern 

Cluster 5 

High 

frequency 

LTPA 

pattern 

Test 

results 

TPAL 

(MET·mi

n·wk-1) 

4568.0 1945.3b 2762.3 3574.5c 4292.0 

F = 48.8 

(ρ < 

0.001)a 

% with > 

mean of 

TPAL 

71.1% 6.4% 26.3% 51.1% 62.2% 

χ2=87.7 

(ρ < 

0.001) 

Note: a Here we used the Welch’s p-value in SPSS instead of the regular ANOVA p-

value due to heterogeneity of variances. LTPA = leisure-time physical activity; TPAL = 

total physical activity levels. 

Post-hoc test results: 
b Significantly lower than cluster 1, 4, and 5 at the 0.05 level and from cluster 3 at the 

0.1 level. 
c Significantly lower than cluster 1 and 5 at the 0.05 level. 

8.3.4 Social-ecological correlates of outdoor activity patterns 

Based on a social-ecological framework (Sallis et al., 2008), we hypothesized that socio-

demographic and neighborhood characteristics may be related to the differences in 

outdoor activity patterns. Using a multinomial logistic regression model, we compared 

the probability of a participant being classified into one of the four clusters with cluster 

3 being the reference category, based on gender, age, education level, physical 

limitations, household structure, accessibility to local shops, and distance to the nearest 

park, footpath conditions, neighborhood aesthetics, traffic safety, crime safety, social 

capital and social cohesion (Table 8.5).  Among the socio-demographic variables, 

income was not included in the model as it was strongly correlated with education. The 

results indicated that individuals in the 80+ age group were significantly more likely to 

belong to Cluster 2 with a low frequency/short duration leisure-time physical activity 

pattern (the least active group). The effect of education level showed that older adults 

with primary education or lower were significantly less likely to have a utilitarian activity 

pattern, a long duration leisure-time physical activity pattern or a high frequency leisure-

time physical activity pattern, which were the top three most active activity patterns.. 

Older adults with physical limitations were significantly less likely to belong to Cluster 

1 with a utilitarian activity pattern (the most active group). Having grandchildren in the 

household was found to have a positive effect on the probability of belonging to cluster 

1 with a utilitarian activity pattern. The positive effect also held for Cluster 2 with a low 
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frequency/short duration leisure-time physical activity pattern (the least active group). 

This is likely to be explained by the fact that older adults who have a grandchild aged 6-

12 years may often escort their grandchild to school by walking and thus have higher 

amounts of utilitarian physical activities, while those who have a grandchild aged 0-5 

years may mainly look after their grandchildren at home and thus participate less in 

leisure-time and utilitarian physical activities. Future physical activity research should 

differentiate between older adults with grandchildren aged 0-5 years and those with 

grandchildren aged 6-12 years. 

Regarding the effects of neighborhood characteristics on outdoor activity 

participation patterns, the results suggested that individuals who perceive accessibility to 

local shops as under 10 minutes were less likely to belong to Cluster 1 with a utilitarian 

activity pattern. No significant associations were found between distance to the nearest 

park, footpath conditions, neighborhood aesthetics, traffic safety and older adults’ 

outdoor activity participation patterns. The effect of crime safety indicated that older 

adults who were very satisfied with crime safety were more likely to belong to Cluster 5 

(high frequency leisure-time physical activity pattern). The effect of crime safety also 

held for Cluster 2 (low frequency/short duration leisure-time physical activity pattern) 

which was more likely to be made up of older adults aged 80+ years. This result may be 

explained by the fact that older elders are willing to go out for activities, when they 

perceived their neighborhoods as very safe, but more likely to prefer a less active activity 

pattern due to their increased functional limitations. Older adults with low social capital 

were also more likely to belong to Cluster 2 and 5. Older adults reporting a very high 

level of social cohesion were less likely to belong to Cluster 4 with a long duration 

leisure-time physical activity pattern. 

Table 8.5 Correlates of outdoor activity participation patterns (N=363)  

Variable  Cluster 1 

Utilitarian 

activity 

pattern 

Cluster 2 

Low 

frequency/short 

duration LTPA 

pattern 

Cluster 4 

Long 

duration 

LTPA 

pattern 

Cluster 5 

High 

frequency 

LTPA 

pattern 

 Coefficient Coefficient Coefficient Coefficient 

Constant  1.27 -0.19 2.87* 1.20 

Gender (Ref. 

Female) 

    

   Male      -0.48 -0.72 -0.76 0.18 

Age (Ref. 65-69)     

   60-64  0.83 0.77 -0.05 -0.20 

   70-74 -0.11 0.78 -0.49 0.00 

   75-79 -0.09 0.42 -1.14 0.65 

   80+ -0.28 1.62* -0.02 0.46 
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Education level 

(Ref. 

College/university) 

    

   Primary school or 

lower  

-2.76** -0.85 -2.13** -1.50* 

   Middle school -1.28 0.59 -1.06 -0.90 

   High school -1.11 0.44 -1.10 -0.33 

Physical limitations 

(Ref. No) 

    

   Yes  -1.32* -0.01 -0.64 -0.61 

Household type 

(Ref. No 

grandchildren ≤12 

years) 

    

With 

grandchildren ≤ 

12 years  

3.53** 1.83* 1.06 1.15 

Accessibility to local 

shops (Ref. Over 15 

min) 

    

   0-5 min  -1.38 -0.23 0.17 0.19 

   6-10 min -1.92* 0.21 0.35 0.65 

   11-15 min -0.74 0.56 1.05 0.05 

Distance to the 

nearest park (Ref. 

Over 1600 meters) 

    

   0-800 meters  0.19 0.25 0.30 -0.02 

   800-1200 meters -1.22 -0.06 0.01 -0.24 

   1200-1600 meters -0.60 0.30 0.19 -0.20 

Footpath conditions 

(Ref. Satisfied) 

    

   Not satisfied  0.38 -0.05 -1.23 -0.36 

   Very satisfied  0.71 0.22 -0.36 -0.79 

Neighborhood 

aesthetics (Ref. 

Satisfied) 

    

   Not satisfied  0.78 -0.15 0.41 -0.30 

   Very satisfied  -0.56 -0.67 -0.85 -0.50 

Traffic safety (Ref. 

Satisfied) 

    

   Not satisfied  -0.81 -0.15 -0.08 -0.37 

   Very satisfied  -0.07 -0.74 -0.57 0.00 

Crime safety (Ref. 

Satisfied) 

    

   Not satisfied  -0.87 -0.34 -0.43 0.23 

   Very satisfied  0.84 1.68* 1.25 1.95** 

Social capital (Ref. 

A lot) 
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   Some   0.37 1.80** 0.58 1.18* 

   Quite a lot  -0.11 0.52 0.04 0.61 

Social cohesion 

(Ref. Good) 

    

   Fair 0.37 -0.85 -0.72 -0.33 

   Very good  -0.76 -0.84 -1.50* -0.99 

Goodness of fit 

statistics 

    

   Pearson χ2 / 

Significance 

1356.08/0.317    

   Cox and Snell R-

squared 

0.443    

   Nagelkerke R-

squared 

0.464    

   McFadden Rho-

squared 

0.190    

Note: * Significance at the 0.05 level; ** significance at the 0.01 level; Cluster 3 serves 

as the reference category. 

8.4 Conclusions and discussion 

This study evaluated the patterns of outdoor activity among older adults, and examined 

their relationship to outdoor physical activity levels and correlates of these outdoor 

activity patterns, based on data collected in Dalian, China, among 363 respondents aged 

60 or older. Cluster analysis produced five distinct outdoor activity patterns labelled as: 

1) utilitarian activity pattern; 2) low frequency/short duration leisure-time physical 

activity pattern; 3) sedentary activity pattern; 4) long duration leisure-time physical 

activity pattern; and 5) high frequency leisure-time physical activity pattern. The type of 

activity pattern had a significant influence on older adults’ physical activity levels. 

Multinomial logistic regression analysis indicated that older adults’ patterns of outdoor 

activity participation were associated with their age, gender, education level, physical 

limitations and household type. In addition, neighborhood characteristics such as 

accessibility to local shops, safety from crime, social capital and social cohesion also 

showed significant influences on activity patterns. 

 The analyses of the relationship between older adults’ outdoor activity patterns and 

outdoor physical activity levels indicated that the utilitarian activity pattern in Cluster 1 

represented the most physically active pattern. Note that individuals in this group on 

average not only accumulated the highest levels of utilitarian activities (active travel), 

but also had a medium frequency/medium duration pattern of participation in leisure-

time physical activity. It appears that higher levels of utilitarian activities (active travel) 

co-exist with relatively higher levels of leisure-time physical activity. In other words, an 

increase in utilitarian activities may not necessarily result in a substantial decrease in 
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leisure-time physical activity. This finding is similar to some previous research which 

reported that changes in active travel were not accompanied by compensatory changes 

in leisure-time physical activity (Foley et al., 2015; Sahlqvist et al., 2013).  

The low frequency/short duration leisure-time physical activity pattern in Cluster 2 

represented the least physically active pattern. It seems that only a moderate amount of 

time spent on utilitarian activities could not make a substantial contribution to the 

accumulation of greater total physical activity. Relative to individuals in Cluster 2, 

individuals with the utilitarian activity pattern in Cluster 3 achieved significantly greater 

outdoor physical activity levels, although they spent more amounts of time on sedentary 

activities. This suggests that physically active and inactive behaviors may co-exist in 

older adults’ outdoor activity routine. It is quite likely that the result is associated with 

the fact that many Chinese older adults have both the need to improve and maintain 

health through participation in moderate-to-vigorous leisure-time physical activity and 

the need for leisure or social contacts through participation in sedentary activities such 

as sitting and sightseeing, playing cards or mahjong, etc.  

Compared to individuals with the long duration leisure-time physical activity 

pattern in Cluster 4, individuals with the high frequency leisure-time physical activity 

pattern in Cluster 5 accumulated significantly greater levels of outdoor physical activity. 

It appears that older adults are more likely to achieve greater total outdoor physical 

activity levels through participation in high frequency/medium duration of leisure-time 

physical activity than medium frequency/long duration of leisure-time physical activity, 

although in theory similar physical activity levels can be accrued through these two 

different patterns. These findings support the argument that only reviewing a summary 

score of physical activity level omits valuable information that can inform specific 

physical activity interventions (Lee et al., 2018). 

In the multinomial logistic regression analysis, we found that individuals in the 80+ 

age group appeared to be more likely to belong to Cluster 2 with a low frequency/short 

duration leisure-time physical activity pattern. Some previous research has reported that 

physical activity levels were lower among older elders than younger elders (Milanovic 

et al., 2013; Yi et al., 2016). Our research provided insights into why older adults aged 

80+ years are less physically active from the perspective of outdoor activity participation 

patterns. Older adults with primary education or lower were significantly less likely to 

have a utilitarian activity pattern, a long duration leisure-time physical activity pattern or 

a high frequency leisure-time physical activity pattern, which were the top three most 

active activity patterns. This is somewhat in line with previous studies indicating that 

lower educational levels were associated with lower levels of physical activity for older 

adults (Droomers et al., 2001; Janke et al., 2006; Weiss et al., 2007). Older adults with 

physical limitations had a lower probability of being in Cluster 1 with a utilitarian activity 
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pattern. There is existing research showing that older adults who have physical 

limitations were less likely to achieve higher levels of physical activity (Chaudhury et 

al., 2016). However, such research cannot explain whether physical limitations result in 

lower physical activity levels through influencing leisure-time physical activity or 

utilitarian physical activity participation. Our finding highlights that physical limitations 

may mainly negatively relate to older adults’ participation in utilitarian physical activity 

and thus have relation to lower levels of physical activity.  

With regard to neighborhood characteristics, we found that individuals who 

perceived accessibility to local shops as under 10 minutes were less likely to belong to 

Cluster 1 with a utilitarian activity pattern. This may imply that higher accessibility to 

local shops which is deemed to facilitate the frequency of walking to the shops (Cao et 

al., 2006) does not necessarily promote a higher amount of utilitarian activity,  if the 

duration of walking for shopping per trip is shorter. The effect of crime safety indicated 

that older adults who felt very safe in their neighborhoods were more likely to belong to 

Cluster 5 with a high frequency leisure-time physical activity pattern. Similarly, other 

research has reported that higher crime safety was associated with more leisure-time 

physical activity (Cerin, Lee, et al., 2013). Older adults with low social capital were also 

more likely to have a low frequency/short duration leisure-time physical activity pattern 

or a high frequency leisure-time physical activity pattern. The result suggested that there 

might be two possibilities for the associations between social capital and the patterns of 

activity participation. Specifically, given a low level of social capital which provides 

people with few companions with whom to do activities, some people may choose to 

decrease the frequency and duration of participation in leisure-time physical activity (i.e., 

low frequency/short duration leisure-time physical activity pattern in Cluster 2), while 

others may elect the high frequency leisure-time physical activity pattern (i.e., cluster 5) 

in which leisure-time physical activity is frequent and of relatively short duration. 

Although some studies found that social cohesion was associated with increased physical 

activity among older adults in Western countries (Annear et al., 2009; Fisher et al., 2004), 

we found that older adults reporting a very high level of social cohesion were less likely 

to belong to Cluster 4 with a high frequency leisure-time physical activity pattern. This 

may imply that good social cohesion is less likely to promote Chinese older adults to 

achieve higher levels of physical activity by increasing the duration of leisure-time 

physical activity. Chinese older adults may prefer a medium frequency/medium duration 

pattern of participation in leisure-time physical activity to achieve higher levels of 

physical activity, when they lived in neighborhoods with good social cohesion.  

To conclude, this study identified distinct outdoor activity patterns which were 

associated with older adults’ socio-demographics and their neighborhood characteristics. 

Unlike most other studies focusing on a summary score of physical activity levels, the 

present study provided insights into potential interactions between the frequency and 
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duration of leisure-time physical activity, amounts of utilitarian activities and amounts 

of sedentary activities. The findings can help health professionals to develop tailored 

physical activity interventions and urban planners to determine which environmental 

factors should be prioritized to support outdoor activity patterns of specific subgroups of 

older adults.  

Although the previous chapters have provides some insights into the impact of 

neighborhood characteristics on the patterns of physical activity types, duration, 

frequency and the complete patterns of weekly physical activity-travel behavior of older 

adults, the complex relationships between neighborhood characteristics, physical activity 

levels, and health as well as quality of life of older adults still remains unclear. It will be 

examined in the following chapter.
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9  
Relationships between 

Neighborhood 
Characteristics and 

Physical Activity, Health 
and Quality of Life  

 

 
9.1 Introduction 

The neighborhood provides opportunities for increasing physical activity, 

especially for older adults who are more dependent on their neighborhoods due to aging-

related functional and mobility challenges (Carlson et al., 2012) and thus has gained 

importance in the literature. It is believed that improved quality of life and health benefits 

from physical activity can be achieved through interventions in the neighborhood 

environments. A great number of studies have analyzed the relationship between 

physical activity and neighborhood characteristics (e.g., Cerin et al., 2016; Chaudhury et 

al., 2012; Clark and Scott, 2013; Giles-Corti and Donovan, 2002; Leung et al., 2018; 

Owen et al., 2000; Sallis et al., 2012; Sugiyama et al., 2009; Van Cauwenberg et al., 

2012). Furthermore, evidence for the positive effects of neighborhood characteristics 
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such as access to parks/shops, pedestrian-friendly features and aesthetically pleasing 

scenery on physical activity of older adults has been found (Cerin et al., 2017; Van 

Cauwenberg et al., 2018). 

Although physical activity is assumed to be an important pathway connecting 

environments with health and quality of life, existing knowledge has often been based 

on bivariate relationships between these factors, and few studies have formally examined 

the extent to which any association between environments, health and quality of life may 

be mediated by the level of physical activity (Hartig et al., 2014). Moreover, these few 

studies showed different findings. For example, Sugiyama et al. (2008) concluded that 

physical activity is an important mediator in the relationship between neighborhood 

environments and health, whereas others (e.g., De Vries et al., 2013; Maas et al., 2008) 

did not find the mediating role of physical activity. Therefore, the understanding of the 

relationships between neighborhood characteristics, physical activity, health and quality 

of life requires more scientific evidence. 

 Given the background and motivations discussed above, this study aims to bring 

these factors together into a more comprehensive framework to explain the relationships 

(direct and indirect) between neighborhood characteristics, physical activity, health and 

quality of life. The analyses are based on data collected from 363 respondents aged 60 

and older in Dalian, China. The data are analyzed using path analysis. The results of this 

study could help urban planners and policy makers who focus on creating livable and 

healthy neighborhoods for older adults. The reminder of this chapter is structured as 

follows. First, based on a literature review, possible relationships were identified 

between socio-demographics, neighborhood characteristics, physical activity, health and 

quality of life. The next section describes the data collection procedure and the sample, 

followed by the results. The chapter ends with a discussion of the results and conclusions. 

9.2 Conceptual model 

In summary, the following factors are assumed to influence leisure-time and transport-

related physical activity, general health and quality of life: socio-demographic 

characteristics such as gender, age, education, income, physical mobility and household 

structure and neighborhood characteristics such as accessibility to local shops, distance 

to the nearest park, footpath conditions, neighborhood aesthetics, traffic safety, crime 

safety, social capital and social cohesion. See Figure 9.1 for a conceptual model 

including these factors. 
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Figure 9.1 Conceptual model 

9.3 Sample characteristics 

As sample size requirements for path analysis increase with the number of independent 

variables, many relevant variables were merged into two categories in this analysis. 

Table 9.1 shows the descriptive statistics and the definitions of the variables that are 

relevant for this study. The sample contains slightly more females than males. Most 

respondents are aged less than 75 years. Thirty-eight percent of the respondents have 

high education and 9.4% have severe physical limitations. Households with 

grandchildren make up 19.6% of the sample. 

Table 9.1 Descriptive statistics of the sample (N = 363)  

Characteristics   

Endogenous variables  

Overall quality of life (M ± SD) 3.67 ± 0.535 

General health status (M ± SD) 3.45 ± 0.665 

Leisure-time physical activity levels (MET·min·wk-1) 

(Med; Q1-Q3) 

2166.0 (1310.9; 3129.0) 

Travel-related physical activity levels (MET·min·wk-1) 

(Med; Q1-Q3) 

802.0 (456.0; 1347.0) 

Explanatory variables  

Socio-demographic characteristics  

Male (1 if true, 0 otherwise) (%) 47.7 

Aged 75 years or older (1 if true, 0 otherwise) (%) 36.9 

High education  

(1 if high school or higher, 0 otherwise) (%) 

38.0 

Socio-

demographic 

characteristics 

Neighborhood 

characteristics 

Transport-related 

physical activity 

levels 

Leisure-time physical 

activity levels 

General 

health 

Quality of 

life 



Chapter 9 

102 

Severe physical limitations (1 if true, 0 otherwise) (%) 9.4 

Presence of grandchildren under 12 in household  

(1 if true, 0 otherwise) (%) 

19.6 

Neighborhood characteristics  

High accessibility to local shops  

(1 if <10 minutes, 0 otherwise) (%) 

73.6 

Ln distance to the nearest park (M ± SD) 7.1 ± 0.7 

Satisfied with neighborhood aesthetics  

(1 if true, 0 otherwise) (%) 

47.4 

Satisfied with footpath conditions  

(1 if true, 0 otherwise) (%) 

84.8 

Satisfied with traffic safety (1 if true, 0 otherwise) (%) 47.7 

Satisfied with crime safety (1 if true, 0 otherwise) (%) 70.8 

High social capital  

(1 if with a lot of friends or neighbors) (%) 

41.0 

Good social cohesion (1 if true, 0 otherwise) (%) 73.8 

 Note: M = mean, SD = standard deviation, Med = median, Q1 = quartile 1, Q3 = quartile 

3. The physical activity variables which were non-normally distributed were described 

by their median and quartile 1 and 3 values. 

 

9.4 Method and results 

To simultaneously analyze the relationships between socio-demographics, neighborhood 

characteristics, leisure-time physical activity levels, transport-related physical activity 

levels, general health and quality of life, a path analysis was used. The model was 

estimated using Mplus 6.1. Because the variables used in this model are non-normal, we 

used the mean-adjusted maximum likelihood method which is considered to be robust to 

non-normality (Muthén and Muthén, 1998-2017). 

First, significant effects of socio-demographic and neighborhood characteristics on 

levels of leisure-time and transport-related physical activity, general health and quality 

of life were determined using bivariate analyses. The relationships that were significant 

at the 0.1 level were entered in the model. Next, the proposed relationships between the 

endogenous variables were added and the insignificant links were removed stepwise 

from the model. This resulted in the final model. 

Table 9.2 shows the goodness-of-fit statistics of the model. Rules of thumb suggest 

that for correct models, the value of the root mean square error of approximation 

(RMSEA; Steiger and Lind, 1980) should be smaller than 0.05 or the standardized root 

mean square residual (SRMR; Bentler, 2006) smaller than 0.08. Our model has a 

RMSEA of 0.012 and a SRMR of 0.023. Another goodness-of-fit measure is the 

Comparative Fit Index (CFI; Bentler, 1990) or the Incremental Fit Index (IFI; Bollen, 
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1989), which should be larger than 0.95. Our model has a CFI of 0.995 and an IFI of 

0.991. Overall, Table 9.2 suggests that the model provides an adequate fit of the data. 

Table 9.3 shows the standardized coefficients of direct and total effects of the 

model. The total effects are the direct effects plus indirect effects (via a mediating 

variable). The direct effects of the explanatory variables are shown in Figure 9.2.  

Table 9.2 Goodness-of-fit of the model 

Number of free parameters 24 

Root Mean Square Error of Approximation ( RMSEA) 0.012 

90% confidence interval for RMSEA 0.000; 0.044 

Probability RMSEA <= 0.05 0.982 

Standardized Root Mean Square Residual (SRMR) 0.023 

Comparative Fit Index (CFI)  0.995 

Incremental Fit Index (IFI) 0.991 

 

Table 9.3 Path analysis model estimates (standardized effects)  

From\To Quality of life General 

health 

Leisure-time 

physical 

activity 

levels 

Travel-related 

physical 

activity levels 

General health 0.121***    

Total effect 0.121***    

Leisure-time 

physical activity 

levels  0.068** 

  

Total effect 0.008* 0.068**   

Travel-related 

physical activity 

levels -0.042*  

  

Total effect -0.042*    

Male    0.253**  

Total effect  0.017* 0.253**  

Aged 75 years or 

older    -0.526*** 

Total effect    -0.526*** 

High education 0.157***  0.332***  

Total effect 0.160*** 0.023* 0.332***  

Physical limitations  -0.466***   

Total effect -0.056*** -0.466***   

Presence of 

grandchildren  0.211***  0.792*** 

Total effect  0.211***  0.792*** 

Accessibility to 

local shops    -0.462*** 
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Total effect    -0.462*** 

Footpath conditions     

Total effect     

Neighborhood 

aesthetics 0.171*** 0.128**   

Total effect 0.187*** 0.128**   

Traffic safety 0.120** 0.253***   

Total effect 0.151*** 0.253***   

Crime safety     

Total effect     

Social capital   0.430***  

Total effect 0.004* 0.029** 0.430***  

* P < 0.10, ** P < 0.05, *** P < 0.01. 

9.4.1. Effects of explanatory variables on quality of life 

 Three explanatory variables are found to have a significant direct effect on quality 

of life. First, high education is associated with better self-rated quality of life. It also has 

a significant indirect and positive impact on quality of life through leisure-time physical 

activity levels and general health. Second, neighborhood aesthetics and traffic safety are 

found to have a positive effect on quality of life. Meanwhile, their associations with 

quality of life via general health are also significant and positive. No direct significant 

relationships are found between gender, age, physical limitations, presence of 

grandchildren and quality of life. There are also no direct significant relationships 

between accessibility to local shops, distance to the nearest park, footpath conditions, 

crime safety, social cohesion, social capital and quality of life. However, physical 

limitations indirectly affects quality of life through general health and social capital has 

a week indirect impact on quality of life through leisure-time physical activity levels and 

general health.  

9.4.2. Effects of explanatory variables on general health 

 Physical limitations has a negative effect on general health. The presence of 

grandchildren in the household is associated with good perceived general health. No 

direct significant relationships are found between gender, age, education and general 

health. However, older males have indirect relation with general health through leisure-

time physical activity levels. The effects of neighborhood characteristics on general 

health show that older adults who are satisfied with neighborhood aesthetics are more 

likely to perceive their general health as good. There is also a significant and positive 

relationship between satisfaction with traffic safety and general health. No direct 

significant relationships between accessibility to local shops, distance to the nearest park, 

footpath conditions, crime safety, social capital, social cohesion and general health are 
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found. However, social capital could have an indirect relation with general health 

through leisure-time physical activity levels. 

9.4.3. Effects of explanatory variables on physical activity levels 

 Regarding the effects of socio-demographic characteristics on physical activity 

levels, the results show that males on average achieved higher leisure-time physical 

activity levels compared to females. However, there is no significant gender difference 

in transport-related physical activity levels. The 75+ age group tends to have lower 

transport-related physical activity levels. Older adults with high education are more 

likely to achieve higher leisure-time physical activity levels. The presence of 

grandchildren in the household is associated with higher levels of transport-related 

physical activity levels. 

 With respect to neighborhood characteristics, the results indicate that individuals 

who perceive accessibility to local shops as under 10 minutes tend to have lower 

transport-related physical activity levels. This is counter-intuitive since one would expect 

a positive effect. The result may be explained by the fact that higher accessibility to local 

shops seems to be positively associated with frequency of participation in shopping 

activity but negatively associated with the duration of active travel per trip, and thus the 

total effects of higher accessibility to local shops on weekly transport-related physical 

activity levels may be negative. Distance to the nearest park, footpath conditions, 

neighborhood aesthetics, traffic safety, crime safety and social cohesion are unrelated to 

leisure-time and transport-related physical activity levels. Regarding social capital, a 

positive effect on the levels of leisure-time physical activity is found. 

9.4.4. Effects between the endogenous variables 

 As expected, general health is positively associated with overall quality of life. 

Transport-related physical activity levels turn out to be negatively related to quality of 

life. This is probably due to the fact that many older adults consider frequent household 

activities such as daily shopping and fetching grandchildren to/from schools which 

contribute to more transport-related physical activity levels tiresome and burdensome 

and thus rate their quality of life as poor. Leisure-time physical activity levels have a 

positive effect on general health, however, the impact of transport-related physical 

activity levels is non-significant. Although leisure-time physical activity levels have no 

relation with quality of life, it affects quality of life indirectly through general health. 



Chapter 9 

106 

 

Figure 9.2 Significant direct effects 

9.5 Conclusions and discussion 

With the aging trend of the world population, how to maintain and improve older adults’ 

health and quality of life has been an important issue. Existing studies in the field of 

public health, urban planning and transportation suggest that neighborhood 

characteristics, physical activity, and socio-demographic characteristics can affect older 

adults’ health and quality of life. However, these studies primarily focus on partial and 

discipline-specific issues and bivariate relationships between these factors. By bringing 

these factors together into a more comprehensive framework, we examined the direct 

and indirect relationships between socio-demographics, neighborhood characteristics, 
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physical activity, health and quality of life. Results indicate that only leisure-time 

physical activity levels play a mediating role in the relation between several socio-

demographic characteristics and health as well as quality of life. Moreover, the study 

confirmed direct relationships between neighborhood characteristics such as 

neighborhood aesthetics and traffic safety and health as well as quality of life, however, 

the indirect effect of neighborhood characteristics except social capital on health and 

quality of life through leisure-time and transport-related physical activity levels was not 

found. In this section, we discuss several points regarding the current study and the 

research and policy implications. 

 Regarding socio-demographic characteristics, the results indicate that older adults 

with high education and older males are more likely to achieve higher levels of leisure-

time physical activity which contribute to better health. This is in line with the existing 

literature showing a positive relationship between education, male and leisure-time 

physical activity levels (Hughes et al., 2008) and a positive relationships between levels 

of leisure-time physical activity and health (Arem et al., 2015). Physical limitations is 

negatively associated with self-rated health. This is consistent with Lee and Shinkai 

(2003) who found a negative relationship between physical limitations and self-rated 

health. Moreover, we found that physical limitations can affect quality of life indirectly 

via general health. These findings suggest that physical limitations is a very important 

factor which has a special significance for older adults in maintaining their health and 

quality of life. In line with previous research (Li et al., 2009; Menai et al., 2015), the 

presence of grandchildren is found to have a positive effect on transport-related physical 

activity levels and health. However, we did not find the mediating role of transport-

related physical activity levels in the relationship between the presence of grandchildren 

and general health. This suggests that there might be other pathways through which the 

presence of grandchildren relates to older adults’ health. In addition, we found that the 

indirect negative effect of the presence of grandchildren on quality of life through 

transport-related physical activity levels offsets the beneficial relationship between the 

presence of grandchildren and quality of life through health. 

 With respect to neighborhood characteristics, we found that neighborhood 

aesthetics and traffic safety are positively associated with health and quality of life. This 

is in line with (Day, 2008;  Leslie and Cerin, 2008; Richard et al., 2005). However, the 

intermediate roles of leisure-time and transport-related physical activity level in the 

relationship between neighborhood characteristics and traffic safety and health and 

quality of life were not observed. This suggests that there might be other pathways 

through which neighborhood aesthetics and traffic safety relate to health and quality of 

life. Consistent with (Lindström et al., 2001b), social capital is found to relate to leisure-

time physical activity levels. Moreover, when the intermediate role of leisure-time 

physical activity levels is taken into account, the influence of social capital on health and 
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quality of life changes from insignificant to significant. The finding enhances our 

understanding of the significant intermediate role of leisure-time physical activity level 

in the relationship between social capital and health and quality of life. 
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10  
Conclusions and 

Discussion 
 
 

10.1 Summary of findings 

Although there has been a growing body of research on the relationships between 

neighborhood characteristics and physical activity, previous studies have primarily 

focused on aggregated measured physical activity such as total weekly physical activity 

levels. This means that all specific aspects of physical activity behavior such as the type, 

duration, frequency and pattern of physical activity have been ignored and thus previous 

research has been unclear about the relationships between neighborhood characteristics 

and individual decisions regarding physical activity types, duration, frequency and 

patterns. In addition, few studies have formally investigated the extent to which any 

association between neighborhood characteristics and health as well as quality of life 

might be mediated by physical activity levels. 

 The aims of this dissertation were therefore to examine the influences of 

neighborhood characteristics on various specific aspects of physical activity behavior of 

older adults and to simultaneously analyze the relationships between neighborhood 

characteristics, physical activity levels and health as well as quality of life of older adults. 

To that end, a data collection instrument was designed. The instrument consists of 

a questionnaire on personal characteristics, a structured interviewer-administered 

questionnaire on weekly physical activity, and a following questionnaire on perceptions 
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of neighborhood built and social environment. In the physical activity questionnaire, 

respondents were promoted to provide detailed information on each outdoor activity 

episode including start time, origin, destination, travel mode, route names or bus number 

if travelling by bus, trip duration and activity duration, and the frequency of each home-

based tour for a 1-week period. The data were collected between August and September 

2017 in Dalian, China, among 363 respondents aged 60 and over. Following the survey, 

objective features of the built environment were measured using ArcGIS combined with 

Google Map. 

 In order to explore the heterogeneity in patterns of physical activity types of older 

adults and analyze the relationship between neighborhood characteristics and such 

heterogeneity, a latent class multinomial model was estimated in Chapter 5. The results 

showed that two segments of older people differed in their outdoor physical activity 

participation patterns. The respondents of the first segment were leisure physical activity 

oriented participants who had a higher propensity for participation in leisure physical 

activities. The second segment was described as both transport-related and leisure 

physical activity oriented participants. They had an average propensity for participation 

in transport-related and leisure physical activities. In addition, only accessibility to local 

shops, footpath conditions and crime safety were found to be associated with the 

heterogeneity in patterns of physical activity types of older adults. 

 In order to analyze the relationship between neighborhood characteristics and the 

duration of leisure walking trips, a random effects ordered logit model was estimated in 

Chapter 6. The results showed that the satisfaction with neighborhood characteristics 

such as footpath conditions, neighborhood aesthetics, traffic safety and crime safety were 

associated with the duration of walking trips, but these associations varied by walking 

trip characteristics. 

In Chapter 7 the relationships between neighborhood characteristics and the 

frequency of type-specific physical activities of older adults were analyzed. A zero-

inflated count modeling approach was applied. The results indicated that older adults 

who perceived accessibility to local shops as over 15 minutes were likely to conduct less 

utilitarian activities. A distance of less than 800 meters to the nearest park had a negative 

effect on the frequency of participation in sedentary activities for older adults and a 

distance of 800-1200 meters was likely to support those who frequently engage in leisure 

walking. High social capital was positively associated with the frequency of participation 

in leisure walking and skill-based leisure activities. 

 In order to explore the weekly patterns of outdoor activity participation of older 

adults and examine the relationships between neighborhood characteristics and these 

patterns of outdoor activity participation, two analyses were executed in Chapter 8. A 
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cluster analysis identified five distinct outdoor activity patterns: 1) utilitarian activity 

pattern; 2) low frequency/short duration leisure-time physical activity pattern; 3) 

sedentary activity pattern; 4) long duration leisure-time physical activity pattern; and 5) 

high frequency leisure-time physical activity pattern. The results of a multinomial 

logistics regression model showed that neighborhood characteristics such as accessibility 

to local shops, safety from crime, social capital and social cohesion were associated with 

older adults’ outdoor activity participation patterns. 

 The aim of Chapter 9 was to simultaneously analyze the relationships between 

neighborhood characteristics, physical activity levels and health as well as quality of life 

of older adults. A path analysis was estimated capturing the links between these 

variables. The results showed that health and quality of life of older adults were directly 

related to their satisfaction with neighborhood aesthetics and traffic safety and indirectly 

related to social capital through leisure-time physical activity levels. 

10.2 Discussion and directions of future research 

The main emphasis of this thesis is improving our understanding of older adults’ physical 

activity behavior in terms of activity types, duration, frequency and patterns, and the 

importance of neighborhood environments in explaining this behavior. The models 

estimated in this thesis showed empirical evidence that neighborhood characteristics 

have different impacts on older adults’ choices of activity types, duration, frequency and 

patterns. 

Regarding the choice of physical activity types, the results suggested the 

heterogeneity of patterning of activity types among older adults, implying that the main 

source of outdoor physical activity among older adults is different. Moreover, few 

neighborhood characteristics were found to be associated with the heterogeneity of 

patterning of activity types. This finding implies that individuals’ preferences, interests 

and needs for physical activity types may be less amenable to environmental 

interventions. Specifically, if older adults who have higher preferences, interests and 

needs for leisure physical activities were moved to a neighborhood more supportive of 

transport-related physical activities, they would be less likely to change their preferences, 

interests and needs for leisure physical activities. In other words, the new neighborhood 

environments might be less effective in promoting more physical activity among these 

older adults. 

With regard to activity duration, the results suggested that neighborhood 

characteristics such as footpath conditions, neighborhood aesthetics, traffic safety and 

crime safety are associated with the duration of walking trips, but these associations vary 

by walking trip characteristics. Interventions involving the neighborhood environment 
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could be a promising opportunity for the promotion of walking duration, but should be 

tailored to older adults with certain walking trip characteristics. For example, given the 

observed interactions between walking trip characteristics (i.e., location) and 

neighborhood characteristics (i.e., footpath conditions) in relation to walking duration, 

environmental intervention involving footpath design should be tailored and targeted to 

those who prefer to conduct walking in the streets, otherwise, it would be less effective 

in promoting walking duration. 

Moreover, the present findings demonstrated that neighborhood characteristics are 

associated with the frequency of physical activity of older adults, however, the 

associations differed across the types of physical activity. Specifically, we found that 

distance to the nearest park, neighborhood aesthetics and social capital are associated 

with the frequency of leisure walking, joint leisure activities and skill-based leisure 

activity respectively. An important implication of the findings is that environmental 

interventions should be tailored and targeted to the appropriate individuals who do 

participate in a certain type of physical activity. For example, for older adults who 

generally participate in leisure walking, accessibility to parks should be given more 

attention, however, neighborhood aesthetics are more important for those who have 

higher preferences for participation in joint leisure activities. 

In addition, this study found that there exist distinct outdoor activity patterns which 

are associated with older adults’ socio-demographics and their neighborhood 

characteristics. This finding has important implication not only for health professionals 

to tailor physical activity prescriptions simultaneously considering the type, duration and 

frequency of physical activity rather than just total physical activity amount to specific 

socio-demographic groups, but also for urban planners to determine which 

environmental factors should be prioritized to support outdoor activity patterns of 

specific subgroups of older adults. For example, interventions that strive to increase 

perceptions of crime safety would be more useful to support older adults with a 

college/university-level education to maintain their high frequency leisure-time physical 

activity patterns, while interventions aimed to improve neighborhood social cohesion 

should be targeted to support older adults with physical limitations to maintain their 

medium frequency/medium duration patterns of participation in leisure-time physical 

activity. 

Overall, the study adds to the limited body of research in the field of urban 

planning, transportation and public health examining relationships between 

neighborhood environments and various specific aspects of physical activity behavior of 

older adults. Our results contribute to an understanding of the different influences of 

neighborhood characteristics on the choice of physical activity types, duration, frequency 

and patterns. Moreover, by focusing on the heterogeneity in patterning of physical 
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activity types, physical activity frequency and weekly outdoor activity patterns across 

older adults, we shed lights on the different ways through which older adults accumulate 

their weekly physical activity levels. In addition, this study contributes to the literature 

examining the relationship between neighborhood environment and physical activity, by 

providing valuable evidence in the Chinese context rather than the European, US or 

Australian contexts of most previous studies. On the one hand, we supported some 

previously-identified facilitators (neighborhood aesthetics) and deterrents (crime) of 

leisure walking ( Michael et al., 2010; Van Cauwenberg et al., 2011); on the other hand, 

we found that some neighborhood characteristics such as access to parks which in general 

influence the physical activity behavior of older adults in European and Australian 

contexts (Barnett et al., 2017)  are less relevant to older adults in China where various 

types of open spaces such as squares, school playgrounds are available for them. 

Although this study yields valuable findings, several limitations were encountered. 

Firstly, the sample size is relatively small (363 respondents) and the sample was not 

random, potentially limiting the generalizability of our results. Nevertheless, the 

sampling method employed in this study is essential as a random sampling cannot 

guarantee that there is high enough variability in physical settings in which the activity 

occurs to have any meaningful association with the participants’ physical activity 

behavior. 

Secondly, the measures of outdoor activity relied on self-reports which are often 

subject to recall bias. However, as we used a guided memory technique in which 

interviewees are encouraged to think of their typical week as a continuous series of 

episodes in a film and then to answer structured questions about each episode in 

chronologic order and this technique has been shown to be beneficial to provide a more 

accurate recall (Kahneman et al., 2004), we feel the recall bias is small. 

Thirdly, we used a single-item scale of quality of life, which may have some 

impacts on the results, since quality of life is often considered as a multidimensional 

concept. However, the use of a single-item quality of life scale is essential in the present 

study in order to reduce respondent burden and thereby increase response rates.  

Fourthly, this thesis focused mainly on the influence of perceived or subjective 

evaluations of neighborhood characteristics as they are more important in explaining 

individual behavior than objective measures (Ahola and Mugge, 2017; Handy, 1996). 

However, individual perceptions or subjective evaluations of neighborhood 

characteristics may not represent the actual environmental features precisely, thus, using 

non-objective measures have the disadvantage that they could not directly guide city 

planning based on their specific and reproducible parameters.  
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Fifthly, due to the cross-sectional nature of the study, such data are not optimal for 

assuming causality over time and testing intermediary effects. However, the 

hypothesized conceptual framework were based on sufficient theoretical background and 

empirical studies, and thus the hypothesized structural relationships between the 

constructs could be examined within a cross-sectional framework. 

Lastly, this study is only concerned with a single city in China, and therefore the 

generalizability of our results to other Chinese and Asian urban locations requires 

caution. 

Considering the limitations of the study, firstly, future studies should have a large 

enough and representative sample of older adults in China so that representative findings 

are derived and they could be used for future prediction. 

Furthermore, it would be desirable to collect detailed and objective data on physical 

activity behavior. New GPS technologies in combination with wearable camera systems 

provide a promising way of collecting detailed and objective physical activity data 

without asking too much effort from respondents. Future research is also needed to 

develop and validate a concise multidimensional scale of quality of life. 

In addition, future studies are needed to evaluate how objective, perceived and 

subjective evaluations of neighborhood characteristics relate to each other and to 

physical activity, health and quality of life. 

Another challenge for future research is to collect longitudinal data to examine the 

role of certain environmental interventions such as traffic-calming engineering 

interventions or sidewalk improvements on older adults’ physical activity and their 

health and quality of life. 

Finally, future research is needed to assess the generalizability of these findings 

and the validity of interpretations across diverse cultural settings.   
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