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Chapter 1 

Introduction 

 

                                           
 This Chapter is based on: 
 Khreis, H., E. van Nunen, N. Mueller, R. Zandieh, and M. J. Nieuwenhuijsen (2017) Commentary: 

How to create healthy environments in cities. Epidemiology 28 (1):60-62. 

 Zandieh R. (2015) A healthy-active city: An urban planning perspective. Presented at ISEE Europe 

Young 2015 : 2nd early career researchers conference on environmental epidemiology : connect to 
shape the future, 2-3 November 2015. Utrecht, The Netherlands, 1-15 slides. 

 Zandieh, R., J. Martinez, J. Flacke, and M. van Maarseveen (2015) Inequality in access to local 

facilities and older adults’ walking behaviour: An environmental justice perspective. Proceedings of 

52nd international making cities livable conference on achieving green, healthy cities, 29 June - 3 

July 2015. Bristol, United Kingdom, 1-15. 

 Zandieh R. (2012) Environmental factors affecting elderly physical activity level: A review from 

urban planning perspective. Journal of Aging and Physical Activity 20 (special abstract issue: the 

8th world congress on active aging , 13- 18 Agust 2012, Glasgow, Scotland): S340-S341. 
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Motivation 

 

In 2010, I was a master student in urban design. I was working on my thesis 

on older adults’ walking, by adopting an inclusive design approach. Inclusive 

design is about designing products, services and environments that all people 

can use, regardless of their age or abilities (Keates et al., 2000). By relying on 

seven principles1 of universal design (Center for Universal Design, 2008), I was 

interested to identify what aspects of a neighbourhood design may influence 

older adults’ walking. I had recruited a sample from an affluent neighbourhood 

in the north of Tehran, Iran, and I conducted walking interviews with 

participants every other day. The neighbourhood had a beautiful park that was 

the participants’ favourite place for walking and doing exercise, especially with 

their friends. When I went to the neighbourhood in the morning, I could see 

many older adults in their sport outfits, alone or in a group, walking in the 

neighbourhood streets and in the park. Soon, I realised that having a healthy 

lifestyle was important for them and that their neighbourhood invited them to 

walk. Since it was my first experience of working on older adults, I was very 

interested and excited to know more about these people’s lifestyle and their 

reactions to all details related to the neighbourhood design. Therefore, I was 

always carefully observing their behaviours. 

Once, on a beautiful shiny morning, I had to go to an office to collect some 

data. The office was located in a relatively deprived area of the southern part 

of Tehran. As it was a busy day at the office, and I had to wait for an hour, I 

decided to go out and walk around the neighbourhood. Overwhelmed with my 

research, suddenly I found myself sitting on a bench in a park, observing older 

adults, and I was surprised with their behaviour: they were not as active as I 

expected! Their behaviour was different from what I had experienced in the 

affluent part of the city! On such a nice morning, there were only a few older 

adults in the park; those who were in the park were sitting quiet on a bench. I 

was asking myself, why is it different here? Do older residents of this 

neighbourhood have a different lifestyle? I knew that social and built 

environment of the northern and southern parts of Tehran were different 

(Daneshpour, 2006), but I was wondering if these environmental differences 

were influencing different lifestyles among older adults! One hour passed this 

                                           
1 - Seven principles of universal design are: (1) equitable use; (2) flexibility in use; (3) simple and 

intuitive use; (4) perceptible information; (5) tolerance for error, (6) low physical effort; and (7) size 

and space for approach and use. 

 



Chapter 1 

 3 

way and I, happy with my experience in another part of the city and excited 

with an interesting new idea, went back to the office. 

That one-hour became a turning point in my scientific life. I had become 

interested to examine older adults’ lifestyle in two different parts of a city. 

However, one neighbourhood was not an appropriate scale for this idea; I had 

to think broader, at a city scale! Therefore, I shifted my view from urban design 

to urban planning and I adopted a healthy urban planning approach to study 

older adults’ walking, as a healthy lifestyle, in different parts of a city.   

1.1 Healthy urban planning approach 

The healthy urban planning approach is a pathway to address people’s 

health and healthy lifestyle in urban areas. As its term implies, “healthy urban 

planning” links two natural allies: ‘health’ and ‘urban planning’ (Barton et al., 

2009). Health is one of the domains related to quality of life (WHOQOL Group, 

1998). In 1946, The World Health Organization (WHO) defined health as  

“The state of complete physical, mental and social wellbeing and not 

merely the absence of disease or infirmity. The enjoyment of the 

highest attainable standard of health is one of the fundamental rights 

of every human being, without distinction of race, religion, political 

belief, economic or social condition.” (WHO, 1946)  

Urban planning is about creating the built environment. It is defined as “the 

institutionalized process of making decisions about the future use and 

character of land and buildings in city” (Barton and Tsourou, 2000: 9). These 

decisions determine the condition of the built environment and the 

requirements for good quality of life. 

Duhl and Sanchez (1999) explain the historical link between health and urban 

planning. Formerly, the disciplines of public health and urban planning were 

connected. In the mid-19th century, public health and urban planning were 

directly associated to control epidemic rift in industrialised cities. However, 

later, the focus of public health shifted away from urban environment towards 

a model based on medical principles. After this shift, the two disciplines were 

working separately throughout the world. However, as the world continued to 

develop in a more complex way, the medical model of health shifted to a social 

model. Today, it is known that health is shaped by citizens’ lifestyle and 

decisions, but these decisions are limited by the economic and social 

opportunities, income, education, and quality of environment experienced by 

citizens (Barton and Tsourou, 2000). Thus, the link between health and urban 

planning is receiving attention again. 
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The WHO has recognized the importance of the link between health and urban 

planning. The WHO Healthy Cities project addresses healthy urban planning as 

a core aspect of Healthy Cities work (Barton and Tsourou, 2000). As the WHO 

defines, “Healthy urban planning is about creating healthy, equitable and 

sustainable cities” (WHO, 2011: 2). Twelve objectives (Table 1.1) have been 

defined for healthy urban planning. These objectives are parallel with the goals 

of sustainable development2 and in all of them, human health and quality of 

life are addressed as the main purposes of urban planning (Barton et al., 

2009).  

Table 1.1: Twelve objectives of healthy urban planning (Barton et al., 2009) 

Objectives of healthy urban planning 

 promoting healthy lifestyles (especially regular exercise);  

 facilitating social cohesion and supportive social networks;  

 promoting access to good-quality housing;  

 promoting access to employment opportunities;  

 promoting accessibility to good-quality facilities (educational, cultural, leisure, retail 

and health care);  

 encouraging local food production and outlets for healthy food;  

 promoting safety and a sense of security;  

 promoting equity and the development of social capital;  

 promoting an attractive environment with acceptable noise levels and good air quality;  

 ensuring good water quality and healthy sanitation;  

 promoting the conservation and quality of land and mineral resources; 

 reducing emissions that threaten climate stability.  

 

The first objective proposed by WHO for healthy urban planning is about 

promoting healthy lifestyle, especially physical activity, among citizens. 

Physical activity refers to “any bodily movement produced by skeletal muscles 

that requires energy expenditure” (WHO, 2017d). It has been well-established 

that physical activity has enormous positive impacts on physical and mental 

health (WHO, 2010). There are many physical activity guidelines (WHO, 2010; 

NHS, 2017; The Department of Health, 2014; Center for Disease Control and 

Prevention, 2017) that provide recommendations for people to do physical 

activities.  

                                           
2- Although sustainable development may help to improve people’s health, healthy urban planning 

explicitly highlights the role of urban planning in improving people’s health and uses health issues as 

a way to promote good planning and to raise standards (NHS. (2014) Healthy urban planning 

checklist. Available at: http://www.healthyurbandevelopment.nhs.uk/wp-

content/uploads/2014/04/Healthy-Urban-Planning-Checklist-March-2014.pdf.)  
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Nevertheless, today, physical inactivity is a major problem posing a risk for 

health. It has been identified as the fourth leading risk factor for global 

mortality (WHO, 2017d). Since improving participation in health-enhancing 

physical activity has been identified as a public health issue of urgent concern, 

the WHO has declared that “A healthy city is an active city” (Edwards and 

Tsouros, 2008). Thus, one of the aims of healthy urban planning is to provide 

a built environment that encourages physical activity among all people (Barton 

and Tsourou, 2000; Zandieh, 2015). For this purpose, a healthy urban planning 

should create safe and convenient environments that encourage citizens to 

walk or cycle to work, school and other local facilities, such as green space 

(Barton and Tsourou, 2000; Khreis et al., 2017); it should also ensure 

adequate physical activity opportunities with equality of distribution among 

citizens (Barton and Tsourou, 2000).  

1.2 Older adults and physical activity 

One sector of population that needs to be encouraged to do physical activity is 

the older adults population. There are commonly used definitions of ‘older 

adults’, but, as WHO (2002b) has discussed, there is no general confirmation 

on the age at which a person gets old. It is also generally accepted that ‘old 

age’ and ‘biological age’ are not necessarily synonymous. Lacking a definition 

of ‘older adults’, in many circumstances the government’s ‘retirement age’ 

(e.g., the ages of 60 and 65 years) has become the default definition. 

Moreover, physical activity guidelines in many countries (e.g., the United 

Kingdom (UK)3) have used 65 year to address older adults (Department of 

Health, 2011b). Therefore, this research uses the term ‘older adults’ to refer 

to people aged 65 years and over. 

Physical activity for older adults is important because of: (1) increasing 

longevity; (2) declining health with aging; and (3) prevalence of inactivity 

among older adults. 

(1) Increasing longevity: people’s longevity has increased over the last 

decades. Global average life expectancy rose by five years between 2000 and 

2015, the fastest rise since the 1960s (WHO, 2017c). As United Nations. 

Department of Economic and Social Affairs. Population Division (2015) has 

reported, advancement in public health and medical technologies, as well as 

improvements in living conditions, has led to people’s longer life. In 2010-

2015, 60-year-old people could expect to live (on average) 20.2 years longer. 

Increases in longevity, together with declining birth rates, is producing 

substantial changes in the population age structure: the population of children  

is shrinking while the population of older adults is growing. By 2050, the 

                                           
3 - Information about the United Kingdom (UK) is reported because the case study of this research 

is a city in the UK. 
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population of older adults is projected to more than double its size in 2015 

(reaching almost 2.1 billion). The older adults population is increasing faster in 

urban areas than in rural areas.  

In this process, Europe is not excluded. In Europe, the life expectancy at birth 

is projected to surpass 80 years by 2050 (United Nations. Department of 

Economic and Social Affairs. Population Division, 2015). The population of older 

adults in Europe will almost double from 87.5 million in 2010 to 152.6 million 

in 2060 (European Commission, 2014). The UK4 is one of the European 

countries experiencing increase in the population of older adults: over 70% of 

UK population growth between 2014 and 2039 will be in the over 60 age group, 

an increase from 14.9 to 21.9 million people (Harper and Walport, 2016).  

In recognizing that longevity is becoming one of the major challenges of the 

century, the United Nations (UN) has paid attention to the rights and well-

being of older adults. It has called governments to do more to address the 

needs of older adults and to institute the financial, legal and social protections 

that will lift millions of older adults out of poverty and ensure their rights to 

dignified, productive and healthy lives (United Nations, 2010). 

(2) Declining health with aging: aging increases risks of non-communicable 

diseases (NCDs) and functional problems. As WHO (2017a) defines, NCDs—or 

chronic—diseases are diseases of long duration and generally slow progression. 

WHO (2002a) explains that NCDs are basically diseases of the later life. They 

include conditions such as cardiovascular diseases, hypertension, stroke, 

cancer, diabetes, and mental health conditions (e.g., dementia and 

depression). They are the main causes of morbidity, disability and mortality 

among older adults throughout the world. NCDs are also costly to individuals, 

families and the public purse, but many of them are preventable or can be 

postponed. Physical activity has been identified as an efficient way for 

managing and postponing NCDs and functional problems.  

(3) Prevalence of inactivity among older adults: despite benefits of physical 

activity, inactivity is prevalent among older adults. A high proportion of older 

adults in Europe have an inactive lifestyle (WHO, 2017b). A report from the 

UK4 Department of Health (2004) indicates that participation in walking 

declines from 45 percent among men aged 16–24 to 8 percent among men 

aged 75 and over. Among women, walking is relatively stable among those 

aged 16–54 (28–32 percent), but declines rapidly to 5 percent among those 

aged 75 and over (Department of Health, 2004). Also the National Health 

Service (NHS) report on ‘the 2008 Health Survey for England’ indicates that 

older people are the least active group in England (Craig et al., 2009): less 

                                           
4 - Information about the United Kingdom (UK) is reported because the case study of this research 

is a city in the UK. 
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than 30 percent of 65–74-year-old and less than 15 percent of adults aged 75 

and over participate in sports and exercise. Consequently, more than 50 

percent of older adults have adopted sedentary life style and are inactive over 

the weekdays and weekend (Craig et al., 2009). According to UK physical 

activity guidelines for older adults, “some physical activity is better than none 

and more physical activity provides greater health benefits. (….) Older adults 

should minimize the amount of time spent being sedentary (sitting) for 

extended periods” (Department of Health, 2011a). Based on this evidence, it 

seems that one of the challenges UK now faces is to encourage older adults to 

become more active. Hence, encouraging physical activity in this population is 

strongly needed.  

For older adults, walking is as an excellent form of physical activity (Lee and 

Cubbin, 2009; Cunningham and Michael, 2004), due to the following reasons: 

(1) easiness; (2) being highly common form of physical activity; (3) declining 

older adults abilities for driving; and (4) health benefits. 

(1) Easiness: for the majority of the adult population light walking is an easy 

type of physical activity. Walking has been highlighted in the physical activity 

guidelines as a prime example of an appropriate physical activity, because it 

can be performed at a ‘moderate intensity’5, it is familiar, convenient, 

inexpensive, and has a low risk of skeletal–muscular injuries (Ekkekakisa et 

al., 2008). 

(2) Being highly common form of physical activity: walking can become a part 

of daily routine. It is one of the most popular physical activity among older 

adults (Centers for Disease Control and Prevention, 1999). Moreover, retired 

people have more time to engage in pleasurable or purposeful activities such 

as walking to get to and from places (Strath et al., 2007). Among older adults, 

cycling is not as popular as walking. Social distribution of cycling tends to be 

very uneven in industrialised countries: with young men doing most of the 

cycling, while women cycle far less, and older adults hardly cycle at all (Pucher 

and Buehler, 2008). In the UK6, cycling conditions are anything but safe, 

convenient and attractive. Bicycle travel in the UK is low, averaging 0.2 km of 

cycling per person per day and only 1% of older adults use bicycle (Pucher and 

                                           
5- Different forms of physical activity, based on the level of exertion involved, are classified in three 

categories: ‘light’(e.g., slow walking), ‘moderate’ (e.g., brisk walking), and ‘vigorous’ (e.g., running) 

intensity (Frank LD and Engelke P. (2005) Multiple impacts of the built environment on public health: 

Walkable places and the exposure to air pollution. International Regional Science Review 28: 193-

216.) 

6 - Information about the United Kingdom (UK) is reported because the case study of this research 

is a city in the UK. 
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Buehler, 2008). Therefore, it seems that walking is the common form of 

physical activity among UK older adults. 

(3) Declining older adults abilities for driving: the majority of older people used 

to drive when they were younger, but many eventually have to stop driving for 

safety (Hakamies-Blomqvist et al., 2004) or financial reasons (Burton and 

Mitchell, 2006). Hence, many of older adults have to walk to their destinations. 

(4) Health benefits: walking, especially outdoor walking, has significant 

benefits for older adults’ health. Outdoor walking refers to total walking for 

different purposes—including transport, recreation and exercise—in outdoor 

space (e.g., neighbourhood streets and parks). It is very important for older 

adults to be able to spend time outdoors and to improve their social 

interactions. Outdoor walking also helps older adults to connect with nature 

and benefit from natural areas. As a type of physical activity, it also reduces 

risks of NCDs and functional problems which are common in later life 

(Sugiyama and Thompson, 2007; Lee and Buchner, 2008). 

According to these reasons, it is important to encourage older adults, especially 

less active older adults, to take outdoor walks in order to adopt a healthy 

lifestyle.  

1.3 Factors Affecting Outdoor Walking 

To encourage older adults to walk more, it is valuable to identify the factors 

affecting older adults’ outdoor walking levels. Comparing to studies on adults 

(Sallis et al., 1997; Handy et al., 2002; Fein et al., 2004; Owen et al., 2004; 

Frank et al., 2005; Khreis et al., 2017), studies on older adults have less 

addressed factors affecting physical activity or outdoor walking. Previously, 

researchers were mostly concerned with the impacts of factors at individual 

level (e.g., age, gender and education) on older adults’ physical activity. From 

the 1990s onwards, they have argued that factors at environmental levels may 

also influence older adults’ physical activity (King et al., 2000; King et al., 

1998; Zandieh, 2012). Summarizing past research on physical activity and 

walking, the factors affecting outdoor walking levels can be categorized in three 

groups: (1) personal characteristics; (2) socioeconomic deprivation; and (3) 

the built environment.  

1.3.1 Personal characteristics 

Personal characteristics include, but are not limited to, sociodemographic 

status (e.g., age, gender, marital status) and health status of people. 

Examining the influences of personal characteristics on older adults’ physical 

activity has been one of the concerns of health and medicine disciplines. Most 

studies on older adults’ physical activity have addressed personal 
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characteristics (Michael et al., 2006a; Booth et al., 2000; Berke et al., 2007). 

As Li et al. (2005a) have explained, personal characteristics have been well-

documented and are modest but consistent correlates of physical activity in 

the adult population. There are some studies showing that physical activity 

declines with age (Buchman et al., 2014; Booth et al., 2000); that men are 

more active than women (Azevedo et al., 2007; Chad et al., 2005; Booth et 

al., 2000); and that people who are in relationship are more active than single 

people (Booth et al., 2000; Chad et al., 2005). Most of these studies have been 

done in Australia, United States, Canada or Brazil. The influences of personal 

characteristics on physical activity may differ in other contexts. For example, 

Fishman et al. (2015) have reported that active transport increases with age 

in the Netherlands. In the late 1990s, a number of gaps in studies on older 

adults’ physical activity were underlined (King et al., 1998). One of these gaps 

was about addressing important subgroups, such as minorities, disadvantaged 

and socioeconomically deprived older adults.  

1.3.2 Socioeconomic deprivation 

Socioeconomic deprivation goes beyond personal characteristics. It refers to 

relative disadvantage in terms of social and material resources (Crampton et 

al., 2000). Some previous studies on physical activity have addressed 

socioeconomic deprivation, in addition to personal characteristics. Two levels 

of socioeconomic deprivation may be related to physical activity levels (Gidlow 

et al., 2006; McNeill et al., 2006): (1) individual deprivation; and (2) area 

deprivation.  

(1) Individual deprivation is about individual’s disadvantage in terms of 

material welfare and the ability to participate in social life (Communities and 

Local Government, 2010). It has three common proxies: educational 

attainment, income and occupational status (McNeill et al., 2006). 

(2) Area deprivation is about relative disadvantage of urban areas in which 

people live. It is usually measured as a composite of factors, such as economic, 

health, educational, safety, housing, environmental, and social capital aspects 

of life for residents of an area (Communities and Local Government, 2010). 

Previous studies on physical activity have predominantly focused on individual 

deprivation (Ford et al., 1991; Gidlow et al., 2006; Beenackers et al., 2012). 

The most stable associations were found between physical activity levels and 

educational attainment (Gidlow et al., 2006). Most studies indicate that people 

with high individual deprivation do less leisure-time physical activity than those 

with low individual deprivation (Gidlow et al., 2006; Beenackers et al., 2012). 

Later, researchers recognised the importance of considering socioeconomic 

deprivation at area level, because an area may contain a large number of 
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people. Interventions targeting individuals are costly and difficult to 

implement, but area-level interventions may encourage a larger number of 

people to do physical activity (Gidlow et al., 2006). Accordingly, some recent 

studies (on adults or on total physical activity among older adults), have 

addressed both individual and area deprivation (Hillsdon et al., 2008; Turrell 

et al., 2010; Shishehbor et al., 2008). Including area deprivation in studies 

resulted in new findings: some studies have shown that area deprivation is 

negatively related to physical activity levels, independent of individual 

deprivation, which means that residents of high-deprivation areas are less 

active than those of low-deprivation areas (Wen et al., 2007; Turrell et al., 

2010; Kavanagh et al., 2005; Gidlow et al., 2006).  

1.3.3 The built environment 

The absence of an environmental approach was a gap in studies on older adults’ 

physical activity (King et al., 1998). Recently, the link between the built 

environment and physical activity (especially among older adults) is receiving 

growing attention. This link is familiar for urban planners who have been 

concerned with the issue of active transport (i.e., walking and biking). Although 

outdoor walking has been mostly addressed as a transport mode (not as a type 

of physical activity) in urban planning and transport studies, literature in urban 

planning and transportation provides a valuable starting point for 

multidisciplinary research on the built environment contributions to physical 

activity levels (Saelens et al., 2003b). 

For older adults, the built environment on a neighbourhood scale is specifically 

important. Neighbourhood has been known as the predominant context of 

older adults’ outdoor walking activities (Li, 2012). Glass and Balfour (2003) 

have explained that spatial radius of mobility changes with aging. While adults 

may go to different places in city and may be exposed to different contexts 

(e.g., work and children schools), older adults often use their neighbourhoods. 

With aging, their social network may become smaller, due to loss of family 

members and friends, which may affect the use of residential neighbourhood 

in later life. Moreover, the age-related changes (e.g., functional problems and 

disruption of the senses) of aging may decrease older adults’ capability to cope 

with environmental constraints and may make them sensitive to their 

neighbourhood built environment. Therefore, as people get older, their spatial 

area shrinks to their residential neighbourhoods and resources within their 

neighbourhoods become important. 

There is mounting evidence indicating that neighbourhood built environment 

may support and encourage outdoor walking, especially among older residents 

(Forsyth et al., 2009; Yen et al., 2009; Li, 2012). The extent to which the built 

environment supports and encourages walking is called walkability and it 

reflects a quality of the neighbourhood (Leslie et al., 2007; Southworth, 2005).  
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Neighbourhood built environment attributes may influence neighbourhood 

walkability. They fall in two categories (Cain et al., 2014; Sallis et al., 2011): 

(1) macro built environment attributes; and (2) micro built environment 

attributes:  

(1) Macro built environment attributes7 shape the overall design and structure 

of a neighbourhood. They include neighbourhood residential density, land-use 

mix and intensity, street connectivity, and retail density. These neighbourhood 

built environment attributes reflect land-use and transportation policies, and it 

is usually difficult to change them quickly. Since, they are often measured 

objectively, they are also known as objective measures of the built 

environment (Lee and Moudon, 2004). 

(2) Micro built environment attributes8 shape route characteristics in a 

neighbourhood. They include neighbourhood safety, pedestrian infrastructure 

and aesthetics. In general, these neighbourhood built environment attributes 

can be modified more rapidly and with less cost than macro built environment 

attributes (Sallis et al., 2011). Since they are usually measured subjectively, 

they are also known as subjective measures of the built environment (Lee and 

Moudon, 2004). 

Macro and micro neighbourhood built environment attributes may have 

synergy in creating neighbourhood walkability. According to previous studies, 

safe and aesthetically pleasurable neighbourhoods with good pedestrian 

infrastructure, high residential density, mixed land-uses, high intensity of 

certain land-uses, high street connectivity, and high retail density may 

encourage and support outdoor walking.  

1.3.4 Research gap 

Knowledge on older adults’ outdoor walking levels is limited. Despite the 

increasing attention on the built environment and its influences on physical 

activity, a few research gaps are identified.  

Lack of studies on older adults’ objectively measured outdoor walking  

Most studies on older adults (Hillsdon et al., 2008; Booth et al., 2000) have 

focused on total physical activity levels. Some studies (Fisher et al., 2004; 

Kamphuis et al., 2009) have addressed self-reported outdoor walking levels, 

which is not necessarily an accurate measurement of physical activity. A few 

studies (Fox et al., 2011) have used objective measures of walking levels, 

irrespective of the space in which walking takes place (i.e., indoor or outdoor). 

                                           
7- A detailed explanation on macro built environment attributes is provided in Chapter 3.  

8- A detailed explanation on micro built environment attributes is provided in Chapter 4. 
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Therefore, objectively measured outdoor walking levels among older adults 

have been rarely examined.  

Lack of studies combining all the factors relevant to outdoor walking 

Three groups of factors relevant to outdoor walking levels (i.e., personal 

characteristics, socioeconomic deprivation, and the built environment) were 

recognised. Most previous research on older adults’ physical activity have 

addressed some of these factors and combinations of some of them, but not a 

combination of all of them. It has been explained by researchers that 

addressing different factors separately is not enough to promote physical 

activity. Figure 1.1 shows combinations of these factors in most previous 

studies. As this figure shows, only a few studies on older adults’ walking have 

considered a combination of the built environment and area deprivation 

(Annear et al., 2011; Grant et al., 2010). Moreover, the combination of the 

built environment (macro and micro built environment attributes), personal 

characteristics, and both (personal and area) levels of socioeconomic 

deprivation has been rarely addressed in past research. Sugiyama et al. (2015) 

have used a combination of all factors to study (self-reported) recreational 

walking among adults. 

 
Figure 1.1: Combination of factor relevant to outdoor walking levels in previous studies. 

Light grey: there are few studies; dark grey: studies are rare. 

Lack of multilevel studies on older adults’ outdoor walking 

Factors relevant to outdoor walking exist at two levels: (1) individual level, 

including personal characteristics and individual deprivation; and (2) 

environmental level, including area deprivation and the built environment. 

Combining all factors—at individual and environmental levels—highlights the 

necessity of applying a multilevel approach in studies on physical activity. 
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Despite emphasise of previous research on a need for multilevel studies on 

physical activity (Li et al., 2005a), such an approach has been rarely used in 

studies on older adults’ outdoor walking. Kamphuis et al. (2009) have used 

this approach to study ‘self-reported recreational walking’ among older adults. 

Therefore, it is not clear if the relationships between neighbourhood built 

environment attributes and older adults’ outdoor walking levels differ by area 

deprivation. It is also unknown if the neighbourhood built environment drives 

disparities in older adults’ outdoor walking levels in low- and high-deprivation 

areas. Enhancing knowledge on these issues are important for healthy urban 

planning, because it may help in reducing inactivity and eliminating disparities 

in physical activity (i.e., outdoor walking) – which are the important public 

health priorities (Public Health England, 2014; Department of Health, 2011b). 

Accordingly, a multilevel study on older adults’ outdoor walking is required. 

Such study needs to involve all (three groups of) factors relevant to outdoor 

walking. 

1.4 Research aim and objectives 

This research applies a multilevel approach and aims to aid healthy urban 

planning by developing an integrated framework to assess the impacts of the 

built environment (combined with personal characteristics and socioeconomic 

deprivation) on older adults’ outdoor walking levels in Birmingham, UK. 

Research objectives:  

Objective 1:  

To examine the associations between area deprivation and older adults’ 

objectively measured outdoor walking levels. 

 What is the association between area deprivation and older adults’ outdoor 

walking duration? 

 What is the association between area deprivation and older adults’ outdoor 

walking frequency?  

Objective 2:  

To examine inequalities in neighbourhood walkability (i.e., residential density, 

land-use mix and intensity, street connectivity, and retail density) in high- 

versus low-deprivation areas and their possible influences on disparities in 

older adults’ outdoor walking levels. 

 How (un)equal are neighbourhood residential density, land-use mix and 

intensity, street connectivity, and retail density in high- versus low-

deprivation areas?  
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 What are the relationships between neighbourhood residential density, 

land-use mix and intensity, street connectivity, and retail density, and older 

adults’ outdoor walking levels? 

Objective 3:  

To examine inequalities in perceived neighbourhood safety, pedestrian 

infrastructure and aesthetics in high- versus low-deprivation areas and their 

possible influences on disparities in older residents’ total outdoor walking 

levels. 

 How (un)equal are perceived neighbourhood safety, pedestrian 

infrastructure and aesthetics in high- versus low-deprivation areas?  

 What are the relationships between perceived neighbourhood safety, 

pedestrian infrastructure, aesthetics, and older residents’ outdoor walking 

levels? 

Objective 4:  

To examine correlations within and between macro and perceived micro built 

environment attributes in order to better understand how to increase positive 

(or to decrease negative) influences of neighbourhood built environment 

attributes on older adults’ outdoor walking levels. 

 What are the correlations within and between macro and perceived micro 

neighbourhood built environment attributes? 

1.5 Conceptual framework and outline of the thesis 

Figure 1.2 presents the conceptual framework guiding this research. It follows 

a healthy urban planning approach to combine three groups of factors (i.e., 

personal characteristics, socioeconomic deprivation, and the built 

environment) relevant to outdoor walking levels. These factors were discussed 

in section 1.3. Using a healthy urban planning approach helps urban planners 

to benefit from knowledge in health, as well as urban planning, disciplines.  

The conceptual framework of this thesis relies on an ecological model of 

physical activity (Sallis et al., 2012)—used in health disciplines—to understand 

the relationships between urban planning and physical activity (i.e., outdoor 

walking). This ecological model is helpful because it specifies multiple levels of 

influence on physical activity. It includes factors at individual, social/cultural 

environment, built environment, and policy environment levels, and it 

emphasises on influences of different levels of factors on each other (see 

Appendix Figure 1) (Sallis et al., 2012; Sallis et al., 2008). Therefore, it 
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contributes to a better understanding of the influences of a combination of 

different levels of factors on physical activity9.  

The conceptual framework of this thesis considers three groups of factors 

identified in the literature review (section 1.3) at different levels: personal 

characteristics and individual (socioeconomic) deprivation at individual level10; 

area (socioeconomic) deprivation at social/cultural environment level; and built 

environment (i.e., macro and micro built environment attributes) at built 

environment level. Investigating the policy environment is out of the scope of 

this thesis. This research considers older adults’ outdoor walking as physical 

activity. 

 

Figure 1.2: Conceptual framework. 

Urban planning has direct influence on the built environment. Considering an 

ecological model of physical activity, the built environment level influences 

other levels—especially the social/cultural environment, through offering 

opportunities for physical activity among different social groups. The influences 

of the built environment on the social/cultural environment is highlighted by 

the concept of equity in a healthy urban planning approach. As Barton and 

Tsourou (2000) have explained, equity is considered as a value at the centre 

of decision-making process in healthy urban planning. It reminds the diversity 

of city users including vulnerable and disadvantaged groups. In order to 

                                           
9 - The additional advantage of this model is that it enables coherent sets of interventions, but this 

aspect of ecological model does not play a big role in this research.  
10 - Since two groups of factors (i.e., personal characteristics and individual deprivation) are 

categorised in one level (individual level), other chapters (Chapter 2, Chapter 3, and Chapter 4) of 

this thesis uses one term to address both factors. Accordingly, in these chapters, the term ‘personal 

characteristic’ refers to all factors at individual levels.  
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promote equity, the living standards of disadvantaged populations should be 

improved. Thus, it is important for urban planners to identify the imbalance in 

the built environment problems associated with healthy lifestyle (e.g., physical 

activity) and to reduce them.  

Accordingly, the built environment is linked to the social/cultural environment 

in the conceptual framework of this thesis (Figure 1.2). For this purpose, the 

context of spatial inequality11 has been used. By relying on an UN-Habitat 

(2008) report, spatial inequality (on a city scale) is defined as the uneven 

provision of urban opportunities and resources among urban areas with 

different levels of deprivation.  

There is also a link between factors at individual level and social/cultural 

environment (i.e., area deprivation) level, because measures of area 

deprivation include characteristics of residents, such as health and educational 

attainment (explained in section 1.3.2). 

This conceptual framework helps to address all objectives of this thesis in 

several related stages.  

Chapter 1 paves the ground for this research by: introducing healthy urban 

planning and its objectives; providing information on the importance of 

encouraging older adults to do physical activity (e.g., outdoor walking); 

presenting a general background on older adults’ outdoor walking and its 

relevant factors; identifying the research gaps; outlining the research aim and 

objectives; and discussing about methodology of this research. 

Chapter 2 addresses objective 1. This chapter includes factors at individual 

and environmental (i.e., social/cultural environment) levels and examines 

associations between area deprivation and two indicators of older adults’ 

outdoor walking levels: duration and frequency. This chapter focuses on 

outdoor walking levels in a city. 

Chapter 3 deals with objective 2. This chapter examines outdoor walking in 

the neighbourhood. It includes factors at individual and environmental (i.e., 

social/cultural environment and built environment) levels. This chapter focuses 

on the influences of macro built environment attributes on older adults’ outdoor 

walking levels in low- and high-deprivation areas.  

                                           
11 - The link between area deprivation and built environment is relevant to the concept of equity. 

However, it is not explained by the concept of equity, because ‘equity’ is about ‘lack of fairness or 

justice’ and it involves power in decision making. Since this thesis examines only ‘differences in 

circumstances’, it uses ‘spatial inequality’ to explain this link. Differences between ‘inequity’ and 

‘inequality’ are explained by Stephens C. (2012) Urban inequities; urban rights: A conceptual analysis 

and review of impacts on children, and policies to address them. Journal of Urban Health 89: 464-

485. 
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Chapter 4 addresses objective 3. Similar to chapter 3, this chapter considers 

outdoor walking in the neighbourhood and includes factors at individual and 

environmental levels. However, Chapter 4 focuses on the influences of micro 

built environment attributes on older adults’ outdoor walking levels in low- and 

high-deprivation areas. 

Chapter 5 addresses objective 4. It includes factors only at environmental 

(i.e., the built environment) level. This chapter focuses on correlations between 

macro and micro built environment attributes and identifies indirect 

relationships between neighbourhood built environment attributes and older 

adults’ outdoor walking levels. 

Chapter 6 concludes the research and presents an integrated framework to 

assess the impacts of the built environment (combined with personal 

characteristics and socioeconomic deprivation) on older adults’ outdoor walking 

levels in Birmingham, UK. A reflection on key findings of this study (including 

main contribution of this research and recommendations for future research) 

is provided in this chapter. 

1.6 Methodology 

This research relies on a concurrent mixed-method design (Tashakkori and 

Teddile, 2003; Creswell et al., 2003) to examine the influences of the built 

environment (combined with personal characteristics and socioeconomic 

deprivation) on older adults’ outdoor walking levels. It uses different qualitative 

and quantitative methods, and incorporates various factors at individual and 

environmental levels. Therefore, it is a multilevel research and it is ‘integrative’ 

in two distinct ways: (1) cross-sectional: involving different groups of factors 

including personal characteristics, socioeconomic deprivation, and the built 

environment; (2) mixed-method: combining qualitative and quantitative 

methods. Applying a mixed-method approach helps to provide well-validated 

and substantiated findings.  

1.6.1 Combining quantitative and qualitative methods 

Figure 1.3 represents the structure of combining qualitative and quantitative 

methods. This mixed-method approach started with a pilot study12 to explore 

older adults’ outdoor walking behaviour and to test the appropriateness of 

different methods (i.e., GPS measurements and questionnaire). 

                                           
12 - The following paper is based on the pilot study: 

Zandieh, R., J. Martinez, J. Flacke, and M. van Maarseveen. 2015. Inequality in access to local 

facilities and older adults’ walking behaviour: An environmental justice perspective. Proceedings of 

52nd international making cities livable conference on achieving green, healthy cities, 29 June - 3 

July 2015 1-15. Bristol, United Kingdom.  
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This research combines quantitative and qualitative methods in three steps 

(Figure 1.3: Main Study). The first step, examines disparities in objectively 

measured outdoor walking levels in low- and high-deprivation areas 

quantitatively (objective 1: Chapter 2). The results of this examination are 

used in the next step. In step 2, this research investigates influences of 

neighbourhood built environment on outdoor walking levels quantitatively and 

qualitatively: macro built environment attributes (objective 2: Chapter 3) and 

micro built environment attributes (objective 3: Chapter 4). In step 2, the 

research identifies what neighbourhood built environment attributes directly 

influence outdoor walking levels. Afterwards, in step 3, this research uses the 

results of step 2 and quantitatively examines the correlations between macro 

and micro built environment attributes, in order to identify what neighbourhood 

built environment attributes indirectly influence outdoor walking levels 

(objective 4: chapter 5). A combination of all three steps constructs the 

conclusion (synthesis) of this research (Chapter 6). 

 

Figure 1.3: Graphic presentation of combination of quantitative and qualitative methods 

in research. The rectangle represents quantitative methods. The oval represents 

qualitative methods. QUAN = quantitative methods; QUAL = qualitative methods.  
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1.6.2 Quantitative and qualitative data collection and analyses 

Table 1.2 provides general information on qualitative and quantitative data and 

analyses used in this research. The main fieldwork of this research was 

conducted from 7th July 2012 until 31st October 2012. Therefore, primary 

(quantitative and qualitative) data were collected during this time.  

Table 1.2: Data and analyses. 

 
Data  

(data source) 

Primary/ 

secondary  

Quan. Qual. Chapter 

Objectively 

measured 

Population  

(UK census 2001) 
S ▪  2, 3, 4 

LSOAs boundary-line 2012 

(Digmap/EDINA)  
S ▪  

2, 3, 4, 

5 

(Wards) boundary-line 2012  

(OS open data) 
S ▪  2, 3, 4 

IMD 2010  

(DATA.GOV.UK) 
S ▪  2, 3, 4 

OS MasterMap layers 2016:  

Topography layer a  

Integrated Transport Network (ITN) 

Urban Path (UP) 

(Digmap/EDINA) 

S ▪  

 

2, 3, 4, 5 

3, 5 

3, 5 

OS Points of Interest (PoI) 2016 

(Digmap/EDINA) 
S ▪  3, 5 

Number of household spaces 

(UK census 2001) 
S ▪  3, 5 

Outdoor walking levels: GPS 

measures 
P ▪  2, 3, 4 

Subjectively  

measured 

Questionnaire: data on personal 

characteristics b 
P ▪  

2, 3, 4, 

5 

Questionnaire: data on the built 

environment 
P ▪ ▪ 4 

Walking interview: data on the built 

environment 
P  ▪ 3, 4 

Analyses 

SPSS: statistical (e.g., hierarchical 

analyses, t-tests, and Pearson 

correlations) 

 ▪  
2, 3, 4, 

5 

GIS: analyses of spatial distribution  ▪  2, 3, 4 

Atlas.ti: content analyses   ▪ 3, 4 

Note. a Topography layer of OS MasterMap 2012 was used in Chapter 2 and Chapter 4. B Personal 

characteristics = all factors at individual level, including individual deprivation, sociodemographic 

status, and health status. Digamap/EDINA is the national data centre for UK academics. OS = 

Ordnance Survey; S = secondary; P = primary; Quan. = quantitative; and Qual. = qualitative. 

A convenience sampling approach was used and participants were recruited 

from low- and high-deprivation areas of the City of Birmingham, UK. The final 

sample included 173 participants (93 participants from low-deprivation areas 

and 80 participants from high-deprivation areas). Participants were 65 years 
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or over13. In order to collect qualitative data, a sub-sample (n=19, including 

n=9 from low-deprivation areas and n=10 from high-deprivation areas) was 

drawn from the main sample. Ethical approval for this research was granted 

by University of Birmingham’s Humanities and Social Sciences (HASS) Ethical 

Review Committee on 10 August 2012 (approval code ERN_12-0874). All 

participants signed a consent form before participating in the study.  

A multilevel study with this research design (employing quantitative and 

qualitative methods and involving various factors relevant to outdoor walking 

levels) required particular conditions. The case study should met specific 

criteria, such as prevalence of physical inactivity; diversity in socioeconomic 

deprivation; availability of required data (e.g., data on area deprivation, 

demographic and statistic data, GIS mapping data); possibility of conducting 

qualitative study without language limitations. The initial pilot case study 

confirmed that the city of Birmingham was a good choice meeting these 

criteria. Moreover, there are some UK open data sources available for 

Birmingham (e.g., census data and Ordnance Survey open data). The English 

language in the UK also facilitated conducting qualitative study (i.e. walking 

interviews). The characteristics of city, findings from the pilot study and 

availability of some data indicated that Birmingham provides an ideal 

opportunity to explore physical activity, such as outdoor walking, among older 

adults. 

1.6.3 Case study: Birmingham, United Kingdom 

Birmingham is located in the West Midlands of England, UK (Figure 1.4). It is 

near the Black Country iron and coal deposits in central England and it is 

equidistance from the main ports of England (i.e., Bristol, Liverpool, 

Manchester, and London) (William, 2010). Birmingham consists of 40 wards 

and with a population over a million, it is the second largest city in the UK.  

                                           
13 - Eligibility criteria are explained in Chapter 2, Chapter 3 and Chapter 4. 
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Figure 1.4: Right: Locations of the West Midlands and Birmingham in the UK (adapted 

from ONS Geography GIS and Mapping Unit (2011); Left: Birmingham wards (Google 

Earth Imagery © 2017 Landsat/Copernicus, Map data © 2017 Google and OS open data 

Boundary-line © Crown copyright/database right 2012). 

Birmingham over time 

As British History Online (2017) explains, the origin of the city was a medieval 

village, which is now the central part (Bull Ring shopping Complex and the St. 

Martins) of Birmingham. In the 14th century Birmingham appeared on a map 

as a town. While it was growing, in 1340, it ranked as the third town in the 

contributions of its merchants to the levy on goods. In the 16th century, the 

town was expanding and it seems that by the mid-16th century the pattern of 

future urban development was set. At the end of the 16th century, iron 

manufacture started to occupy the town's activity to the elimination of other 

occupations. During 17th century, the built-up area of the town was not 

spatially developed; however, the land value and manufactures were 

increased. According to British History Online (2017), the town was described 

as 'haven of economic freedom' in 18th century, due to its commercial and 

metal manufacture activities. It was also extended in certain directions (where 

the land was available for building). The town became a municipal borough in 

1838. Main changes of that time were: building the central railway stations, 

street improvements and slum clearance, and the specialization of central 

districts for administrative and commercial purposes. After 1838 Birmingham 

was expanded due to the demand for new industrial and residential sites. As 

William (2010) has explained, Birmingham was heavily damaged in the World 

War II, but it was redeveloped in 1950s and 1960s and it regained its status 
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as a major and prominent urban centre in the UK. As an important industrial 

city, it expanded and took over its suburbs. In 1974, the city grew towards the 

north and took over the borough of Sutton Coldfield (Birmingham City Council, 

2017d). Currently, a massive urban regeneration project known as ‘the Big 

City’ (a 20-year city centre master plan, launched in 2010) is in progress in 

Birmingham. As the Birmingham Development Plan (BDP) vision indicates, “By 

2031 Birmingham will be renowned as an enterprising, innovative and green 

city that has undergone transformational change growing its economy and 

strengthening its position on the international stage” (Transforming 

Birmingham, 2017). 

Birmingham Today  

Today, Birmingham is known as the regional centre for business, retail and 

leisure (Brookes et al., 2012). It is also home to some industries, such as motor 

vehicle and bicycle manufacturing, production of electrical equipment, paints, 

guns, and many metal products (William, 2010). It is overcrowded, especially 

in city centre and inner city suburbs (Birmingham City Council, 2013a).  

Birmingham is a “superdiverse city”. As Birmingham City Council (2013a) has 

reported, over two in five people (42.1%) are classified within an ethnic group 

other than white British. This proportion was 30% in 2001. The largest ethnic 

groups in Birmingham are White British (53.1%), Pakistani (13.5%), and 

Indian (6%) (Birmingham City Council, 2017b). The main language for 84.7% 

of Birmingham residents (3 year old and over) is English. About 10.7 % of 

residents are proficient in English and 4.6% of residents are non-proficient in 

English (cannot speak English well or cannot speak English) (Birmingham City 

Council, 2013a).         

Deprivation is a concern for Birmingham. After Liverpool and Manchester, 

Birmingham is the most deprived UK Core City (Birmingham City Council, 

2010). A Birmingham City Council (2013a) report indicates that forty percent 

of Birmingham’s population live in the 10% most deprived areas of England. 

Unemployment levels in Birmingham are almost twice the national average. 

The highest percentage of unemployment is more concentrated around the city 

centre and east of the city, where high levels of deprivation and household 

deprivation are also found. A high proportion (28%) of Birmingham working 

age population have no formal qualifications (Birmingham City Council, 

2013a). The deprivation level differs strongly between different parts of 

Birmingham: while 94% of residents of Washwood Heath ward live in the 10% 

most deprived areas of England, none of residents of Sutton Coldfield wards 

live in the 10% most deprived areas of England (Birmingham City Council, 

2010). Based on a report on Census 2011, the four most deprived wards of 

Birmingham are Washwood Heath, Sparkbrook, Nechells, and Aston 

https://en.wikipedia.org/wiki/Sutton_Coldfield
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(Birmingham City Council, 2013a). Considering ethnic diversity and deprivation 

in Birmingham, improving equality and tackling inequalities is at the heart of 

goals at Birmingham City Council (Birmingham City Council, 2017a). 

Almost one third of Birmingham’s residents are older adults. As a Birmingham 

City Council (2017c) report on Census 2001 indicates, almost 29% of 

Birmingham’s citizens are 50 years old or over; this is 33% for the national 

average. Nearly three quarters of older adults in Birmingham enjoy good or 

fairly good health; however, this is less than the regional and also national 

averages. Poor health is more prevalent among advanced ages. Moreover, 

inactivity has been identified as one of the biggest public health problems in 

this city (Birmingham Public Health, 2017).  

The pilot study conducted in Birmingham showed disparities in self-reported 

outdoor walking levels among older adults (Zandieh et al., 2015). It also 

provided initial observations on disparities in the built environment of low- and 

high-deprivation areas. Figure 1.5 illustrates some examples of the 

observations in low- and high-deprivation areas of Birmingham.  

 

Figure 1.5: Photo impressions from Birmingham neighbourhoods. (A) High-deprivation 

areas; (B) Low-deprivation areas. 
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We are lucky in Sutton with this park (….) Things are very different here (…) 

we are at North of the city, but nearer to the city is completely different: it is 

very old. I mean if you go to Aston—now Aston is a very old part—and then 

eventually go to the small areas between Aston and Birmingham (city centre), 

it is very different. (participant, low-deprivation areas) 

This area was bombed during the second world war. The German bombing was 

very high in this area. This area was a slum (….) Previously, it was a pure white 

area. They (authorities) started to re-house the Asians, and then it was really 

held by the Asians. Then the Asians were brought to the area, the area was 

not taking over by the Asians. So, this is the reason that this area is dominated 

by the Asians particularly from the Pakistani community. (participant, high-

deprivation areas) 
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Chapter 2 

Associations between area deprivation and 
older adults’ outdoor walking levels 

                                           
 This Chapter is based on: 

Zandieh R, Martinez J, Flacke J, et al. (2017c) The associations between area deprivation and 

objectively measured older adults’ outdoor walking levels. SAGE Open (accepted). 
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Abstract 

Outdoor walking has positive impacts on older adults’ health.  It is important 

to identify less active older adults and to encourage them to take outdoor 

walks. Previous studies have shown that physical activity levels vary according 

to socioeconomic deprivation. However, knowledge on objectively measured 

older adults’ outdoor walking levels is limited. This chapter examines 

associations between area (socioeconomic) deprivation and older adults’ 

objectively measured outdoor walking levels (i.e., walking durations and 

frequencies) in Birmingham, UK. It applies a multilevel approach, included 173 

participants (65 years and over), uses GPS technology to measure outdoor 

walking levels and uses a questionnaire to collect data on personal 

characteristics (e.g., educational attainment as a proxy of individual 

deprivation, age and marital status). The results show that independent of 

personal characteristics, area deprivation associates with outdoor walking 

durations. Participants living in high-deprivation areas take shorter walks 

outside home than those living in low-deprivation areas. Associations between 

area deprivation and outdoor walking frequencies are non-significant. Future 

research need to investigate how attributes (e.g., environmental attributes) of 

low- and high-deprivation areas may drive disparities in participants’ outdoor 

walking durations. 
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2.1 Introduction 

Physical activity has positive impacts on health (Department of Health, 2011b).  

It is especially important for older adults, who are at risks of chronic disease 

(Department of Health, 2011b) and isolation (Age UK, 2010). Walking is an 

excellent type of physical activity for older adults (Centers for Disease Control 

and Prevention, 1999; Cunningham and Michael, 2004). As Broderick et al. 

(2015) have reported, walking and being able to spend time outdoors is very 

important for older adults. Outdoor walking (total walking in outdoor space for 

different purposes including transport, recreation and exercise) reduces risks 

of chronic disease (e.g., diabetes II and stroke) and improves social 

interactions (Sugiyama and Thompson, 2007; Lee and Buchner, 2008). Thus, 

development of interventions aiming at encouraging older adults to take 

outdoor walks has been recommended (Department of Health, 2011). 

Addressing outdoor walking, is especially important for urban planning 

discipline, because outdoor walking takes place in outdoor spaces such as 

urban streets and urban open spaces. One of the aims of a healthy urban 

planning is encouraging outdoor walking among all people (WHO, 2011; Barton 

and Tsourou, 2000). Great health benefits could be obtained by encouraging 

older adults who are less active—and therefore are more at risks of health 

problems—than others (Hillsdon et al., 2008). Reducing inactivity and 

eliminating disparities in physical activity are important public policy priorities 

(Public Health England, 2014; Healthy People, 2006; Ruseski, 2014). 

Therefore, it is necessary to examine disparities in older adults’ outdoor 

walking levels and to identify less active groups of older adults.  

Evidence indicates a socioeconomic deprivation gradient in older adults’ health 

(Grundy and Sloggett, 2003; Lima-Costa et al., 2012) and health behaviour 

(e.g., healthy eating (Bianchetti et al., 1990; Conklin et al., 2014; Conklin et 

al., 2015)). Socioeconomic deprivation is defined as relative disadvantage in 

terms of social and material resources (Crampton et al., 2000). It has been 

shown that high socioeconomic deprivation increases risks of chronic disease 

associated with low level of outdoor walking (e.g., cognitive function (Lang et 

al., 2008), diabetes II (Espelt et al., 2011) and stroke (Cox et al., 2006)). 

These findings raise a hypothesis that older adults’ outdoor walking levels vary 

according to socioeconomic deprivation. The issue of socioeconomic 

deprivation has been addressed in previous studies on physical activity levels 

(Gidlow et al., 2006). However, knowledge on associations between 

socioeconomic deprivation and older adults’ outdoor walking levels (especially 

objectively measured outdoor walking levels) is limited. Thus, this study 

addresses this hypothesis by focusing on associations between area 

(socioeconomic) deprivation and older adults’ objectively measured outdoor 

walking levels. 
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2.1.1 Area deprivation 

Evidence indicates that two levels of socioeconomic deprivation may associate 

with physical activity levels (Gidlow et al., 2006; McNeill et al., 2006): (1) 

individual deprivation, that refers to an individual’s disadvantage in terms of 

material welfare and the ability to participate in social life (Communities and 

Local Government, 2010). Common proxies of individual deprivation are 

educational attainment, income and occupational status (McNeill et al., 2006); 

(2) area deprivation, that refers to relative disadvantage of urban areas in 

which people live. Area deprivation is usually measured as a composite of 

factors relating to the economic, health, education, safety, housing, 

environmental, and social capital aspects of life for residents of an area 

(Communities and Local Government, 2010). While area deprivation largely 

includes an aggregation of individual residents’ characteristics (e.g., individual 

deprivation) it can also involve measurements related to environmental 

conditions (Communities and Local Government, 2010). 

Most previous studies on physical activity have focused on associations 

between individual deprivation and physical activity levels (Ford et al., 1991; 

Gidlow et al., 2006; Beenackers et al., 2012). They have found the most stable 

associations between physical activity levels and educational attainment 

(Gidlow et al., 2006). Although previous research has reported inconsistent 

results on total physical activity levels (Beenackers et al., 2012), they have 

shown lower prevalence of leisure-time physical activity among people with 

high individual deprivation than among those with low individual deprivation 

(Gidlow et al., 2006; Beenackers et al., 2012). These findings indicate that 

physical activity promotion interventions targeting highly deprived individuals 

are needed.  

Recently, multilevel research on physical activity have involved both, individual 

and area, levels of deprivation (Hillsdon et al., 2008; Turrell et al., 2010; 

Shishehbor et al., 2008). These studies have shown that independent of 

individual deprivation, area deprivation associates with physical activity levels.  

Findings of previous research indicate that residents of high-deprivation areas 

tend to have lower levels of physical activity than those of low-deprivation 

areas (Wen et al., 2007; Turrell et al., 2010; Kavanagh et al., 2005; Gidlow et 

al., 2006). It is important to consider the associations between area 

deprivation and physical activity levels, because an area may contain a large 

number of people. It is known that interventions targeting individuals are costly 

and difficult to implement and thus area-level interventions, that encourage a 

larger number of people to do physical activity, could be targeted (Gidlow et 

al., 2006). Most of past multilevel research; however, have addressed adults’ 

population (Wen et al., 2007; Kavanagh et al., 2005) or older adults’ total 

physical activity (Hillsdon et al., 2008). Multilevel studies examining 
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associations between area deprivation and older adults’ outdoor walking levels 

are scarce. 

2.1.2 Objectively measured outdoor walking levels 

A few studies on older adults’ walking levels have addressed area deprivation 

(Fisher et al., 2004; Fox et al., 2011). However, these studies have typically 

relied on self-reported measurement of older adults’ outdoor walking levels 

(Fisher et al., 2004; Zandieh et al., 2015), which is virtually not an accurate 

measurement of physical activity levels and is subject to recall bias (Gidlow et 

al., 2006; Sims et al., 1999; Harris et al., 2009). Fox et al. (2011) have used 

accelerometers to measure walking levels objectively.  However, they have not 

focused on objectively measured outdoor walking levels, probably because 

accelerometers cannot capture the locations in which walking takes place—

indoor or outdoor spaces—(Cho et al., 2011). For measuring outdoor walking 

levels objectively, using geographic positioning system (GPS) technology has 

been suggested (Duncan and Mummery, 2007; Le Faucheur et al., 2007; Le 

Faucheur et al., 2008; Taylor et al., 2010; Gernigon et al., 2015). The GPS 

technology provides accurate data on the location, time and speed of walking 

(Gong et al., 2012) and can avoid many of the problems associated with the 

self-report survey methods (Forrest and Pearson, 2005; Murakami et al., 

2004). Although this technology has been used in previous studies on active 

transport (Dessing et al., 2014) and environmental health (Harrison et al., 

2014), it has been rarely used in research on older adults’ walking. Therefore, 

this study uses the GPS technology, applies a multilevel approach and aims to 

examine the associations between area deprivation and older adults’ 

objectively measured outdoor walking levels. Similar to previous research on 

physical activity (Kavanagh et al., 2005; Fox et al., 2011), in addition to area 

and individual deprivations, this study includes older adults’ sociodemographic 

status (e.g., age and gender) and health status because these personal 

characteristics may influence people’s physical activity levels (Fishman et al., 

2015; Chad et al., 2005; Slater et al., 2015). To operationalise the notion of 

outdoor walking levels, this study uses two indicators that have been used in 

previous research on walking (Kavanagh et al., 2005; Turrell et al., 2010; Cerin 

et al., 2009; Davis et al., 2011) and have been addressed in physical activity 

guidelines (WHO, 2010): (1) duration, which refers to the length of time in 

which outdoor walking is performed; and (2) frequency, which refers to the 

number of times that outdoor walking is performed (WHO, 2010). Accordingly, 

this study answers two research questions: 

 What is the association between area deprivation and older adults’ outdoor 

walking duration? 

 What is the association between area deprivation and older adults’ outdoor 

walking frequency?  
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2.2 Method 

We conducted this empirical research in Birmingham, United Kingdom, from 

7th July 2012 until 31st October 2012. Birmingham is a large, ethnically 

diverse city in the West Midlands of England (Birmingham City Council, 2013b; 

Birmingham City Council, 2014b). With a population over 1,000,000 residents, 

Birmingham has been known as the most populous British city outside London 

(City Mayors, 2010).  

The Ethical approval for this study was granted by University of Birmingham’s 

Humanities and Social Sciences (HASS) Ethical Review Committee on 10 

August 2012. 

2.2.1 Identifying low- and high-deprivation areas 

Similar to other studies (Hillsdon et al., 2008), we identified low- and high-

deprivation areas on electoral ward scale. For this purpose, we used the Index 

of Multiple Deprivation (IMD). The IMD is an indicator that provides the most 

commonly accepted national measure of area deprivation in the UK 

(Communities and Local Government, 2010). It involves seven domains of 

deprivation, such as education, income, and crime, (McLennan et al., 2011) 

and assigns a score and rank of relative deprivation to Lower Super Output 

Areas (LSOAs)—which are relatively homogenous geographic areas with a 

population of about 1,500 residents (Office for National Statistics, 2014; 

Communities and Local Government, 2010).  

We identified the 20% least and 20% most deprived LSOAs of Birmingham by 

using IMD Quintiles. Then, we identified a ward as a relatively (high- or) low-

deprivation area, if more than 50% of its area was covered by the (20% most 

or) 20% least deprived LSOAs. As a result, four low-deprivation wards were 

identified in northern part of Birmingham and four high-deprivation wards were 

identified in inner part of Birmingham (Figure 2.1). We used these selected 

wards for participant recruitment. 
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Figure 2.1: Low- and high-deprivation wards (areas) in Birmingham (OS open data 

Boundary-line © Crown copyright/database right 2012 and OS MasterMap data © Crown 

Copyright/database right 2012. An Ordnance Survey / EDINA Digimap supplied service). 

2.2.2 Participant recruitment 

We applied a convenience sampling strategy for participant recruitment in both 

low- and high-deprivation areas. Using this sampling strategy is often the norm 

in studies on health behaviour (Gochman, 1997 - cited in Newsom et al., 2004), 

particularly in research on older adults (Newsom et al., 2004).  We recruited 

participants from social centres (e.g., community centres, libraries, etc.) 

located in low- and high-deprivation areas (all 8 selected wards). By posting 

advertisements and arranging information sessions, we informed participants 

about the research and the process of participation in research. To explain the 

research to older adults who did not speak English, we used a translator. 

Older adults (65 years and upward) who were:  1) resident of a low- or high-

deprivation area; 2) able to walk; 3) independent in their daily life activities; 

and 4) mentally healthy; were eligible to participate in the study. Ability to 

speak English was not an eligibility criterion. We screened participants for their 

ethnicity. To reach maximum similarity to ethnical heterogeneity in the total 
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population of the selected wards, we used quota sampling and mirrored 

proportions of diverse ethnicities found in census 2001 (the latest available 

census). Two hundred and sixteen participants received GPS tracking units.  

We excluded participants (n=43) who forgot to use the GPS tracking unit when 

they went out of their homes or refused to use the tracking unit after receiving 

it. However, we included participants who accepted (and remembered) to use 

the tracking units (after receiving it), but they did not walk outside their 

homes. Therefore, the final sample included 173 participants (93 participants 

from low-deprivation areas and 80 participants from high-deprivation areas). 

All participants signed a consent form before participation in this study. 

2.2.3 Measuring outdoor walking durations and frequencies  

We used a GPS tracking unit—the i-gotU GT-600 GPS data-loggerMobile Action 

Technology Inc., New Taipei City, Taiwan—to measure participants’ outdoor 

walking durations and frequencies. This tracking unit had been used in other 

studies (Ben-Pazi et al., 2013; Naito et al., 2014; Belkin et al., 2014; Seto et 

al., 2012; Vazquez-Prokopec et al., 2013). It is adequate to use with older 

adults, because it is small, portable, lightweight, equipped with motion 

detector and requires minimum involvement by participants (Vazquez-

Prokopec et al., 2009). Furthermore, this tracking unit has good reliability and 

spatial accuracy in urban areas (Vazquez-Prokopec et al., 2009). We also 

tested the spatial accuracy of this device in different parts of Birmingham and 

it was fit for our purpose.   

We set the tracking units on motion detector mode and on 2-second recording 

interval and, then, we gave them to participants from low- and high-

deprivation areas.  In terms of time, the tracking units were distributed in 

parallel (simultaneously) in low- and high-deprivation areas during data 

collection period; therefore, atmospheric conditions were similar for 

participants from low- and high-deprivation areas. We trained participants how 

to use the tracking units and we provided written and oral instructions for 

them.  Participants agreed to wear a tracking unit on their wrists when they 

went out of their homes. They used the tracking units for a period of 3 to 8 

days (Mean=4.95, SD=1.61), depending on their willingness and availability. 

We collected the tracking units one day after the lending period and asked 

participants some questions about using the tracking unit during the lending 

period. For example, we asked each participant if he/she refused to use the 

tracking unit after receiving it; and how many days he/she forgot to use the 

tracking unit. Thus, we could exclude participants who changed their minds 

and refused to use (or forgot to use) the tracking unit after receiving it. By 

using GPS technology, data on the location (x,y), date, speed and time of 

participants’ trips were provided. 
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We imported GPS data in a Geographic Information System (GIS)—Arc GIS 

10.3.1 (ESRI, Redlands, CA, USA)—and overlaid the recorded tracks with the 

road network and building footprints. We took all trips taken place inside 

Birmingham into account for further analysis. By using data on date, we 

identified daily trips for each participant. Then, we applied criteria (on 

identifying walking trips using GPS data) suggested by Cho et al. (2011) and 

identified daily outdoor walking trips. For measurement, we considered all 

outdoor walking trips, including:1- walking started from home and ended in a 

destination (or in home in a round trip): for example, walking from home to a 

shop (or walking around a block); 2- walking followed a trip by car/public 

transport and ended in a destination (or in an origin in a round trip): for 

example, getting of a bus and walking from bus stop to a shop (or getting of a 

car and walking  around a block/park and getting on a car). By using data on 

time, we calculated average outdoor walking duration (minutes per day) for 

each participant this way: (sum of duration of all daily outdoor walking trips) / 

(number of days that participant was loaned the tracking unit). To measure 

outdoor walking frequency, we counted number of all outdoor walking trips for 

each participant.  

2.2.4 Individual-level data: personal characteristics1  

To collect data on individual level, we used a self-administered paper 

questionnaire. For participants (n=58) who did not speak English or needed 

assistance in completing the questionnaire, we used a translator/assistant. In 

this way, we collected data on participants’ educational attainment (sub-GCSE 

(General Certificates of Secondary Education or its equivalents) or GCSE and 

higher) as a proxy of individual deprivation. We also collected data on 

participants’ age (65-74 years old or 75 years old and over); gender; marital 

status (single or in relationship); ethnicity (black and minority ethnic (BME) 

groups – including Asian, Black or mixed ethnic heritage – versus white British 

(Roe et al., 2016)); and perceived health status over the last twelve months 

(poor or good).  

Participants’ income was not involved in this study, because in Britain people 

are sensitive to income-related information and this data is rarely collected 

(Gidlow et al., 2006). Moreover, since the sample includes retired people, 

occupational status was not used as a proxy of individual deprivation. Missing 

data was less than 5% on each participants’ characteristic (except 11% missing 

data on educational attainment).   

                                           
1 - In this chapter ‘personal characteristics’ refers to all factors at individual level, including 

individual deprivation, sociodemographic status, and health status (see section 1.5) 
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2.2.5 Data Analysis 

Descriptive statistics were used to summarize sample characteristics. We 

examined spatial distributions of data on outdoor walking durations and 

frequencies. For this purpose, we applied ArcGIS 10.3.1 and we used the Jenks 

Natural Breaks classification method to classify data on outdoor walking 

durations and frequencies into three classes (e.g., high, medium and low). The 

Jenks Natural Breaks classification method determines the ideal arrangement 

of values into different classes by reducing the variance within classes and 

maximizing the variance between classes (Stefanidis and Stathis, 2013).  

We studied associations between area deprivation and outdoor walking 

durations and frequencies by generating bivariate and multiple models. 

Outdoor walking durations and frequencies were examined separately. For 

outdoor walking durations, we generated linear regression models and used 

Logarithmic transformed variables (x+1) to reduce heteroscedasticity. For 

outdoor walking frequencies, since we had count data, we generated negative 

binomial models and used the number of walking trips as dependent variable 

and the Logarithmic-transformed number of days (GPS lending period) as an 

offset variable. We applied multiple models after testing bivariate correlations 

between all independent variables (area deprivation and personal 

characteristics): the maximum Pearson correlation (rmax(153)between area deprivation 

and educational attainment =-0.63, p=0.000) was acceptable for generating multiple 

models. 

We, first, examined associations between personal characteristics and outdoor 

walking durations/frequencies for low- and high-deprivation areas, separately.  

We tested bivariate associations between personal characteristics and outdoor 

walking durations/frequencies in low- and high-deprivation areas. Then we 

generated multiple models: we entered all personal characteristics at once and 

we dropped the least significant (in terms of t-value/wald chi-square value) 

predictors in order to get the model of best fit. Afterwards, we did analyses for 

total sample (low- and high-deprivation areas). We tested  bivariate 

associations between independent variables (area deprivation and personal 

characteristics) and outdoor walking durations/frequencies. Afterwards, we 

used hierarchical analyses. We generated two multiple models: in Model 1 we 

entered only two independent variables related to deprivation (i.e., area 

deprivation and educational attainment); and in Model 2, we entered all 

independent variables (i.e., area deprivation, educational attainment, age, 

gender, marital status, ethnicity and health status) at once and then we 

dropped the least significant (in terms of t-value/wald chi-square value) 

predictors (except area deprivation) to get the final model (the model of best 

fit). We controlled the final models for interactions between area deprivation 

and personal characteristics which were related to outdoor walking levels in 

low- or in high-deprivation areas.   
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In all models, we excluded missing data listwise. We conducted all analyses by 

using IBM SPSS Statistics 22 (IBM, Armonk, NY, USA) and we considered a p-

value<0.05 significant. There was non-significant difference (p=0.94) between 

average GPS lending period (number of days) in low- and high-deprivation 

areas.  

2.3 Results 

2.3.1 Sample characteristics 

The sample characteristics are summarised in Table 2.1. This Table shows that 

higher percent of participants from BME groups and higher percent of 

participants with low educational attainment (sub-GCSE) live in high-

deprivation areas. It also shows that over 90% of participants in both low- and 

high-deprivation areas perceived good health status. 

Table 2.1: Participants’ personal characteristics in low- and high-deprivation areas and 

in total sample 

Personal characteristics 

Area deprivation Total sample 

(low- and high-

deprivation 

areas) 

Low-

deprivation 

areas 

High-

deprivation 

areas 

Number of participants (Number) 93 80 173 

Age of participants (M (SD)) 74.8 (5.82) 73.5 (5.95) 74.2 (5.90) 

Educational attainment (%):  

GCSE and higher 

Sub-GCSE  

 

80 

10 

 

24 

64 

 

54 

35 

Age (%):  

Over 75 years old  

65-74 years old 

 

53 

47 

 

43 

57 

 

48 

52 

Gender (%):  

Men 

Women 

 

30 

70 

 

59 

41 

 

43 

57 

Marital status (%):  

In relationship 

Single 

 

53 

47 

 

53 

47 

 

 53 

47 

Ethnicity (%):  

White British  

BME groups 

 

97 

3 

 

41 

59 

 

71 

29 

Health status (%):  

Good  

Poor 

 

93 

6 

 

92 

8 

 

92 

7 

Note. M=Mean; SD=Standard Deviation. 

2.3.2 Spatial distribution pattern of outdoor walking  

Distribution patterns of participants’ outdoor walking durations and frequencies 

in low- and high-deprivation areas are presented in Figure 2.2.   
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Figure 2.2. Distribution patterns of outdoor walking durations and frequencies in low- 

and high-deprivation areas.  (OS open data Boundary-line © Crown copyright/database 

right 2012 and OS MasterMap data © Crown Copyright/database right 2012. An 

Ordnance Survey / EDINA Digimap supplied service). a Outdoor walking frequency. 

As Figure 2.2-A shows, minimum and maximum participants’ outdoor walking 

durations are 0.00 and 69.40 minutes per day. Moreover, minimum and 

maximum participants’ outdoor walking frequencies are 0.00 and 38.00 trips 

(Figure 2.2-B). On average, participants living in high-deprivation areas spend 

less time for outdoor walking than their peers living in low-deprivation areas. 
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Moreover, while low outdoor walking frequency is more prevalent among 

participants living in high-deprivation areas, medium walking frequency is 

more prevalent among participants living in low-deprivation areas. The 

percentage of participants with high outdoor walking frequencies, however, is 

higher in high-deprivation areas than in low-deprivation areas.   

Detailed results on associations between area deprivation and outdoor walking 

durations/frequencies are presented later in this chapter.   

2.3.3 Associations between personal characteristics and outdoor 

walking durations and frequencies in low- and high-deprivation 

areas 

Table 2.2 represents bivariate associations between personal characteristics 

and outdoor walking durations and frequencies in low- and high-deprivation 

areas. As this table shows, only marital status is independently associated with 

outdoor walking durations in low-deprivation areas.  

Table 2.2: The bivariate associations between personal characteristics and outdoor 

walking durations and frequencies in low- and high-deprivation areas 

Personal characteristics 

Outdoor walking durations Outdoor walking frequencies  

Low-dep. High-dep. Low-dep. High-dep. 

B (SE) B (SE) B (SE) B (SE) 

Educational attainment 0.33 (0.53) 0.09 (0.50) -0.03 (0.37) -0.07 (0.29) 

Age -0.29 (0.31) -0.30 (0.41) -0.02 (0.22) -0.17 (0.24) 

Gender 0.16 (0.34) 0.50 (0.41) -0.01 (0.24) 0.25 (0.24) 

Marital status 0.96 (0.29)** 0.54 (0.40) 0.23 (0.22) 0.40 (0.24) 

Ethnicity 1.15 (0.87) -0.08 (0.41) 0.67 (0.65) -0.16 (0.24) 

Health status 0.82 (0.63) 0.49 (0.77) -0.13 (0.45) 0.12 (0.46) 

Note.  Low-dep. = low-deprivation areas; High-dep. = high-deprivation areas; B = Unstandardised 

Coefficient; SE = Standard Error. The values in bold type are significant. **p <0.01. 

Table 2.3 shows the results of multiple models. It represents associations 

between personal characteristics and outdoor walking levels in low- and high-

deprivation areas after dropping the least significant predictors. In low-

deprivation areas, only one personal characteristic (i.e., marital status) is 

associated with outdoor walking durations. None of personal characteristics 

was associated with outdoor walking frequencies in low-deprivation areas.  

Personal characteristics were not associated with outdoor walking durations 

and outdoor walking frequencies in high-deprivation areas. These results 

(Table 2.3) were used later for controlling interactions between personal 

characteristics and area deprivation in total sample.  
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Table 2.3: The results of multiple models: associations between personal characteristics 

and outdoor walking durations and frequencies in low- and high-deprivation areas 

Personal characteristics 

Outdoor walking 

durations 

Outdoor walking 

frequencies 

B (SE) B (SE) 

Low-deprivation areas:   

Marital status 0.96 (0.29)** 0.23 (0.22) 

High-deprivation areas:   

Marital status 0.54 (0.40) 0.40 (0.24) 

Note. This table shows the results after dropping least significant predictors (i.e., educational 

attainment, age, gender, ethnicity and health status). B = Unstandardised Coefficient; SE = Standard 

Error. The values in bold type are significant.  **p <0.01. 

2.3.4 Associations between area deprivation and outdoor walking 

durations and frequencies in total sample 

Bivariate associations of area deprivation and personal characteristics with 

outdoor walking durations and frequencies are presented in Table 2.4. This 

table shows that area deprivation is independently associated only with 

outdoor walking durations. These results indicate that participants from high-

deprivation areas take shorter outdoor walks than those from low-deprivation 

areas. Three personal characteristics (i.e., educational attainment, marital 

status and ethnicity) are independently related to outdoor walking durations. 

Bivariate associations between area deprivation, as well as personal 

characteristics, and outdoor walking frequencies were non-significant. 

Table 2.4: The bivariate associations of area deprivation and personal characteristics 

with outdoor walking durations and frequencies 

Independent variables 

Outdoor walking  

durations 

Outdoor walking 

frequencies  

B (SE) B (SE) 

Areal deprivation -0.98 (0.12)*** -0.01 (0.16) 

Educational attainment  0.77 (0.28)** -0.52 (0.18) 

Age  -0.19 (0.26) -0.08 (0.16) 

Gender  0.19 (0.26) 0.10 (0.16) 

Marital status  0.77 (0.25)** 0.31 (0.16) 

Ethnicity  0.71 (0.28)* -0.04 (0.18) 

Health status  0.69 (0.51) -0.01 (0.32) 

Note.  B = Unstandardised Coefficient; SE = Standard Error. The values in bold type are 

significant. *p<0.05, **p <0.01, ***p<0.001. 
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Table 2.5 represents the results of hierarchical analyses. As this table shows, 

area deprivation is associated with outdoor walking durations after adjustment 

for educational attainment (Model 1). Area deprivation is also associated with 

outdoor walking durations, after including all personal characteristics and 

dropping the least significant predictors (Model 2). In addition to area 

deprivation, marital status is associated with outdoor walking durations (Model 

2). Therefore, participants who live in high-deprivation areas—as well as 

participants who are single—are more likely to take shorter outdoor walks.  

Since marital status was associated with outdoor walking durations in low-

deprivation areas (Table 2.3), we controlled Model 2 for interactions between 

area deprivation and this personal characteristic (i.e., marital status). The 

interaction between area deprivation and marital status was not related to 

outdoor walking durations (Table 2.5). Moreover, associations of area 

deprivation and marital status with outdoor walking durations remained 

significant after adjustment for this interaction (i.e., area deprivation × marital 

status). 

As Table 2.5 shows, area deprivation combined with personal characteristics is 

not related to outdoor walking frequencies (Model 1 and Model 2). Therefore, 

participants’ outdoor walking frequencies do not significantly differ between 

low- and high-deprivation areas. None of the personal characteristics was 

associated with outdoor walking frequencies (Table 2.5, Model 1 and Model 2).  

Table 2.5: Results of hierarchical analyses: the associations between area deprivation 

combined with personal characteristics, and outdoor walking durations and frequencies 

Independent variables 

Outdoor walking 

durations 

Outdoor walking 

frequencies 

B (SE) B (SE) 

Model 1:   

Areal deprivation -0.92 (0.25)** 0.01 (0.22) 

Educational attainment 0.18 (0.36) -0.06 (0.23) 

Model 2:    

Area deprivation -0.98 (0.24)*** 0.01 (0.16) 

Marital status 0.76 (0.24)** 0.31 (0.16) 

Model 2 after controlling for interaction:   

Area deprivation -0.76 (0.35)*  

Marital status 0.96 (0.33)**  

Area deprivation x marital status  -0.61 (0.70)  

Note.  Models 1 = only two predictors (i.e., area deprivation and educational attainment) were 

entered into the model; Models 2 = all predictors (i.e., area deprivation, educational attainment, age, 

gender, marital status ethnicity and health status) were entered into the model at once. This table 

shows the results of Model 2 after dropping the least significant predictors. B = Unstandardised 

Coefficie; SE = Standard Error. The values in bold type are significant. *p<0.05, **p <0.01, 

***p<0.001. 
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2.4 Discussion 

This study used GPS technology and examined associations between area 

deprivation and older adults’ objectively measured outdoor walking levels (i.e., 

durations and frequencies) in Birmingham, UK. In this study, we showed that 

independent of personal characteristics, area deprivation associates with 

participants’ outdoor walking durations. The findings of this study are discussed 

in the following sub-sections. 

2.4.1 Outdoor walking duration 

We found that participants living in high-deprivation areas spend less time for 

outdoor walking than their peers living in low-deprivation areas. This finding is 

consistent with findings of a previous study examining self-reported outdoor 

walking durations among adults (Turrell et al., 2010). It is also in line with 

results of a previous UK study on associations between area deprivation and 

older adults’ walking using accelerometer (Fox et al., 2011). Moreover, it 

supports findings of past research on physical activity indicating higher 

prevalence of inactivity in high-deprivation areas than in low-deprivation areas 

(Hillsdon et al., 2008; Turrell et al., 2010; Kavanagh et al., 2005).  

We also found that one personal characteristic (i.e., marital status) is related 

to outdoor walking durations (Table 2.5). Single participants take shorter 

outdoor walks than those who are in relationship. It is likely that participants 

who are in relationship enjoy benefits of their spouses/partners supports and 

encouragements and take longer outdoor walks (McNeill et al., 2006; Booth et 

al., 2000). The interaction between area deprivation and marital status was 

not related to outdoor walking durations. It means that associations between 

area deprivation and outdoor walking durations (Table 2.5, Model 2) is not 

moderated by personal characteristics (i.e., marital status). Therefore, area 

deprivation associates with outdoor walking durations, independent of personal 

characteristics.  

In this study, educational attainment was only independently associated with 

outdoor walking durations (Table 2.4). The strength of this predictor decreased 

when it was combined with area deprivation and other individual characteristics 

(Table 2.5: Model 1 and Model 2).  

2.4.2 Outdoor walking frequency 

We did not find significant associations between area deprivation and outdoor 

walking frequencies. These findings are inconsistent with findings of this study 

on outdoor walking durations. These inconsistencies may be explained by type 

of outdoor walking trips. For example, a round trip in a park or around a block 

is counted as one trip frequency, but it results in a long outdoor walking 
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duration. A single trip from home to a close shop is also counted as one trip 

frequency, but it results in a short walking duration. Therefore, the number of 

times that outdoor walking is performed do not differ between low- and high-

deprivation areas, but the length of time spent for outdoor walking varies 

between these areas.  

Findings of this study on outdoor walking frequencies are also inconsistent with 

a previous study showing association between area deprivation and frequency 

of walking for transport among adults (Cerin et al., 2009). This inconsistency 

may be explained by differences in outdoor walking measures. In this study, 

we used a composite measure of total outdoor walking  levels (i.e., walking for 

different purposes, including transport, recreation and exercise). We did not 

classify outdoor walking durations/frequencies by walking purposes due to lack 

of data on outdoor walking purposes. It is possible that area deprivation has a 

differential impact on durations/frequencies of outdoor walking for different 

purposes. Studies on adults population that differentiate between walking 

purposes have shown that comparing to residents of low-deprivation areas, 

residents of high-deprivation areas are more likely to walk for transport (Turrell 

et al., 2010) and less likely to walk for exercise/recreation (van Lenthe et al., 

2005). Future studies on older adults may involve outdoor walking purposes 

and may investigate associations between area deprivation and objectively 

measured durations and frequencies of outdoor walking for different purposes.  

2.4.3 Application of the findings 

Findings of this study indicate that area-level interventions—as well as 

individual-level interventions—that encourage participants to take longer 

outdoor walks could be targeted. However, the content of such area-level 

interventions are not clear and require further research. Although this study 

identified disparities in participants’ (objectively measured) outdoor walking 

durations between low- and high-deprivation areas, it did not examine the 

reasons behind these disparities, because this issue is out of the scope of this 

study. Future studies may investigate how different attributes of low- and high-

deprivation areas may drive disparities in older adults’ outdoor walking 

durations. 

Past research have shown that environmental attributes (e.g., land use-mix 

and safety) may influence people’s physical activity (Khreis et al., 2017; 

Saelens et al., 2003a; Haselwandter et al., 2015), such as walking (Saelens 

and Handy, 2008; Haselwandter et al., 2015). Associations between area 

deprivation and outdoor walking levels may be a sign of different influences of 

environmental attributes on participants’ outdoor walking durations in low- and 

high-deprivation areas. Findings of this study pave the way for future research 

to develop a hypothesis on impacts of environmental attributes of low- and 

high-deprivation areas on disparities in older adults’ outdoor walking durations. 
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These research may investigate what environmental attributes influence older 

adults’ outdoor walking durations in low- and high-deprivation areas and how.  

2.4.4 Limitations 

We acknowledge that this study has some limitations. Since it is a cross 

sectional study, it cannot provide cause-and-effect statements on associations. 

Moreover, it involves one proxy of individual deprivation (i.e., educational 

attainment). Lack of data on participants’ income, as well as other income-

related proxies (e.g., household income) prevented this study from involving 

income as a proxy of individual deprivation. Although previous studies have 

found ‘educational attainment’ as a stable predictor of physical activity (Gidlow 

et al., 2006), involving ‘income’ may add more information about associations 

between area deprivation and physical activity levels. Future studies may 

improve knowledge on associations between areas deprivation and older 

adults’ objectively measured outdoor walking levels by involving educational 

attainment and other proxies of individual deprivation (e.g., income). 

Moreover, this study addresses participants’ health status, but it does not 

specifically involve perceived walking difficulties (e.g., knee pain) or use of 

walking aids due to lack of data.  

This study was conducted in one British city and used a convenience sampling 

strategy for participants recruitment. These participants might not be 

representative of all older adults, especially those with poor health status, 

living in low- and high-deprivation areas. Moreover, this study could involve 

two categories of areas (low- and high-deprivation areas). Future research may 

use a larger and more heterogeneous (in terms of health status) sample and 

may identify variations in older adults’ outdoor walking levels between more 

categories of areas (e.g., low-, medium-, and high-deprivation areas). 

Despite these limitations, the findings of this study on lower levels of outdoor 

walking among participants from high-deprivation areas versus participants 

from low-deprivation areas are consistent with the findings of previous studies 

on physical activity (Fox et al., 2011; Gidlow et al., 2006; Kavanagh et al., 

2005). This provides some evidence that the results of this study may not be 

unique to this sample in Birmingham, UK. 
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2.5 Conclusion 

This study extends the knowledge on associations between area deprivation 

and physical activity and adds to the literature on older adults’ objectively 

measured walking levels. This study is among the first evidence on older adults’ 

outdoor walking using a multilevel approach and GPS technology. It shows that 

objectively measured participants’ outdoor walking levels (i.e., durations) vary 

by area deprivation: participants living in high-deprivation areas take shorter 

outdoor walks than those living in low-deprivation areas. This research 

confirms past research showing negative associations between area 

deprivation and physical activity levels. Area-level interventions may help to 

reduce negative impacts of multiple deprivation on older adults’ outdoor 

walking durations. However, the content of these interventions are not clear 

and require further research. This study sets the ground for future research to 

investigate how attributes (e.g., environmental attributes) of low- and high-

deprivation areas may give rise to disparities in participants’ outdoor walking 

durations. 
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Chapter 3 

Influences of macro built environment 

attributes on older adults’ outdoor walking 

levels 

                                           
 This Chapter is based on: 

Zandieh R, Flacke J, Martinez J, et al. (2017a) Do inequalities in neighbourhood walkability drive 

disparities in older adults’ outdoor walking? International Jounal of Environmental Research and Public 

Health 14: 740. 
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Abstract 

Older residents of high-deprivation areas walk less than those of low-

deprivation areas. Previous research has shown that neighbourhood built 

environment may support and encourage outdoor walking. The extent to which 

the built environment supports and encourages walking is called ‘walkability’. 

This chapter examines inequalities in neighbourhood walkability in high- versus 

low-deprivation areas and their possible influences on disparities in older 

adults’ outdoor walking levels. For this purpose, it focuses on specific 

neighbourhood built environment attributes (residential density, land-use mix 

and intensity, street connectivity, and retail density) relevant to neighbourhood 

walkability. It applies a mixed-method approach, includes 173 participants (≥ 

65 years), and uses a Geographic Information System (GIS) and walking 

interviews (with a sub-sample) to objectively and subjectively measure 

neighbourhood built environment attributes. Outdoor walking levels were 

measured by using the Geographic Positioning System (GPS) technology. Data 

on personal characteristics was collected by completing a questionnaire. The 

results show that inequalities in certain land-use intensity (i.e., green spaces, 

recreation centres, schools and industries) in high- versus low-deprivation 

areas may influence disparities in older adults’ outdoor walking levels. 

Modifying neighbourhood land-use intensity may help to encourage outdoor 

walking in high-deprivation areas.  
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3.1 Introduction 

Outdoor walking refers to total walking for different purposes—including 

transport, recreation and exercise—in outdoor space. It is a type of physical 

activity and has certain benefits for healthy aging (Age UK, 2017; Sugiyama 

and Thompson, 2007). Therefore, physical activity guidelines recommend older 

adults to take outdoor walks (Department of Health, 2011b; Age UK, 2016). 

Despite this widespread knowledge, there is prevalence of physical inactivity 

among majority of older adults (Department of Health, 2011b; Harvey et al., 

2013), particularly among older residents of high-deprivation areas (areas with 

high levels of social and economic disadvantages) of cities (Fox et al., 2011; 

Davis et al., 2011). It has been shown that older residents of high-deprivation 

areas walk less than those of low-deprivation areas (Fox et al., 2011; Zandieh 

et al., 2015). These findings highlight the importance of promoting outdoor 

walking levels among older adults, particularly among older residents of high-

deprivation areas.  

To promote outdoor walking levels, a growing body of literature has addressed 

the link between the built environment and walking (Khreis et al., 2017; Li et 

al., 2005a; Rosso et al., 2011; Southworth, 2005). Although the influences of 

the built environment on walking are not yet well understood (Lovasi et al., 

2008; van Cauwenderg et al., 2011), transportation and urban planning 

research has identified some relationships between neighbourhood built 

environment and outdoor walking (Handy et al., 2002; Leslie et al., 2007; 

Saelens and Handy, 2008; Zandieh, 2012). It has been argued that 

neighbourhood built environment may support and encourage residents, 

especially older adults (Li, 2012), to walk. The extent to which the built 

environment supports and encourages walking is called walkability and it 

reflects a quality of the neighbourhood (Leslie et al., 2007; Southworth, 2005).  

Different neighbourhood built environment attributes (e.g., residential density, 

street connectivity, traffic condition, and aesthetics) may influence 

neighbourhood walkability (Saelens and Handy, 2008). Three neighbourhood 

built environment attributes have been identified as key elements of 

neighbourhood walkability (van Dyck et al., 2009; King and Clarke, 2015; 

Saelens et al., 2003b; van Dyck et al., 2010): residential density, land-use 

(mix and intensity), and street connectivity (defined in Table 3.1). These three 

built environment attributes shape the overall design and structure of a 

neighbourhood and are known as “macro built environment attributes” (Cain 

et al., 2014; Sallis et al., 2011). They have a synergy in creating a walkable 

neighbourhood (Frank et al., 2005). Some research on walkability has 

addressed ”neighbourhood retail density” (defined in Table 3.1), in addition to 

the attributes mentioned above (Leslie et al., 2007; Sallis et al., 2009).  
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High neighbourhood residential density, land-use mix, (certain) land-use 

intensity, and retail density provide diverse attractive destinations—or places 

(e.g., green space)—for walking at close distances (Table 3.1). High 

neighbourhood street connectivity offers short and diverse walking routes to 

these destinations/places (Table 3.1). Presence, proximity and attractiveness 

of destinations/places may give people reasons to go out and support them to 

walk for transport, recreation and exercise (Leslie et al., 2007; Talen, 2002). 

Proximity to destinations/places is especially important for older adults’ daily 

activities and may encourage these people to get walking into their routine 

(Rodriguez et al., 2009; Shigematsu et al., 2009).  

Table 3.1: Definitions of neighbourhood residential density, land-use mix and intensity, 

street connectivity, and retail density 

Neighbourhood 

built 

environment 

attributes 

Definition 

Residential 

density 

Residential density refers to the number of dwellings in relation to the total 

amount of land devoted to residential use in a neighbourhood (Frank et al., 

2008; Leslie et al., 2007). Neighbourhoods with higher residential density offer 

more residences (e.g., friends’ homes) as walking destinations at close 

distances (Saelens et al., 2003b). 

Land-use mix  

Land-use mix refers to the level of integration of diverse types of land-uses in 

a neighbourhood (Saelens et al., 2003b). Studies on walkability usually address 

diverse types of land-uses that may encourage walking (Frank et al., 2005; 

Sugiyama et al., 2015)—such as residential, retail, and green space—and 

employ the land-use entropy to measure land-use mix (Leslie et al., 2007). 

Neighbourhoods with more mixing of land-uses offer diverse destinations (e.g., 

retails and green spaces) at close distances (Saelens et al., 2003b). Land-use 

mix is used to identify the influences of a combination of diverse destinations 

on outdoor walking levels. 

Land-use 

intensity 

In this study, land-use intensity refers to the amount of land devoted to each 

type of use relative to the total land of the neighbourhood. Land-use intensity 

is used to identify that presence or absence of what types of land-use may 

encourage or discourage outdoor walking. High intensity of specific land-uses 

may provide specific destinations or places for walking and may improve 

neighbourhood walkability (McConville et al., 2011). This aspect of 

neighbourhood land-use is not captured by using the land-use entropy (Brown 

et al., 2009).  

Street 

connectivity 

It refers to directness or easiness of moving between two points in a 

neighbourhood (Saelens et al., 2003b). Neighbourhoods with high street 

connectivity have streets with many intersections and few cul-de-sacs. Such 

street networks provide short direct routes and make it easier to walk from an 

origin (e.g., home) to a destination (e.g., a shop) and also, offer a choice of 

taking different routes to the same destination (Saelens et al., 2003b). Street 

connectivity is usually measured by junction density in a neighbourhood (Leslie 

et al., 2007).   
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Retail density 

It refers to the amount of retail (i.e., all shops and stores) floor area in relation 

to the total amount of land devoted to retails in a neighbourhood (Frank et al., 

2008). It is an indicator of compactness of retail area (Sugiyama et al., 2015). 

Neighbourhoods with higher retail density provide less space devoted to cars 

(e.g., parking), more traffic safety, and shorter distances between retail building 

entrances, transit, and other activities (Leslie et al., 2007). 

Accordingly, findings on lower outdoor walking levels among older residents of 

high- versus low-deprivation areas trigger questions about neighbourhood 

walkability: do older residents of high-deprivation areas have a less supportive 

neighbourhood for outdoor walking than those of low-deprivation areas? How 

do neighbourhood residential density, land-use mix and intensity, street 

connectivity, and retail density influence outdoor walking among older adults 

living in low- and high-deprivation areas? These questions are important for 

healthy urban planning aiming at creating walkable built environment for 

everyone (WHO, 2011). Urban planners incorporate these questions under the 

context of spatial inequality: the uneven provision of urban opportunities and 

resources among urban areas with different levels of socioeconomic 

deprivation (UN-Habitat, 2008; Zandieh et al., 2016). Identifying inequalities 

in neighbourhood walkability and finding shortcomings for supporting older 

adults’ outdoor walking in high-deprivation areas may benefit urban planning 

interventions. 

To date, much research on neighbourhood walkability has focused on 

associations between neighbourhood residential density, land-use mix and 

intensity, street connectivity, and retail density and older adults’ walking 

levels, but they have reported inconsistent results (van Cauwenderg et al., 

2011; Rodriguez et al., 2009). Inequalities in neighbourhood walkability and 

their influences on older adults’ outdoor walking levels in low- and high-

deprivation areas have been rarely studied. Moreover, the scant existing 

studies on older adults’ walking in low- and high-deprivation areas have 

focused on perceived neighbourhood built environment attributes (Zandieh et 

al., 2016; Kamphuis et al., 2009; Zandieh et al., 2015). Using the perceived 

built environment has advantage of involving personal assessments of 

neighbourhood built environment, but it may not reflect the actual built 

environment (Sugiyama and Thompson, 2007). Objectively measured 

neighbourhood built environment may better reflect actual neighbourhood built 

environment conditions. However, objective measurement approaches have 

been used only in a few studies on older adults’ walking (Berke et al., 2007; 

Frank et al., 2010), and have been scarcely employed in studies on older 

adults’ walking in low- and high-deprivation areas.  

Therefore, this study aims to examine inequalities in neighbourhood walkability 

(i.e., residential density, land-use mix and intensity, street connectivity, and 

retail density) in high- versus low-deprivation areas and their possible 
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influences on disparities in older adults’ outdoor walking levels.  For this end, 

it involves both objectively measured and perceived neighbourhood built 

environment attributes and answers two research questions:  

 How (un)equal are neighbourhood residential density, land-use mix and 

intensity, street connectivity, and retail density in high- versus low-

deprivation areas?  

 What are the relationships between neighbourhood residential density, 

land-use mix and intensity, street connectivity, and retail density, and older 

adults’ outdoor walking levels? 

3.2 Method 

The study was administered in Birmingham, a superdiverse city (Birmingham 

City Council, 2013a) of over one million residents in the United Kingdom, from 

7th July to end of October 2012. A concurrent mixed-method design (Creswell 

et al., 2003) was employed in this study. By applying this research design, the 

authors tried to enrich the quantitative examinations (on “how objectively 

measured neighbourhood built environment attributes and outdoor walking 

levels are”) with qualitative evidence (on “how perceived neighbourhood built 

environment attributes may, in the view of older adults, influence outdoor 

walking levels”). Accordingly, qualitative findings were employed to help to 

support and interpret the quantitative findings.  

This study used the sample (n = 173) and data on outdoor walking levels from 

a previous research (Zandieh et al., 2016). The Geographic Positioning System 

(GPS) technology was used to objectively measure outdoor walking levels and 

a questionnaire was used to collect data on personal characteristics.  

We collected data on neighbourhood built environment attributes by using a 

Geographic Information System (GIS) and walking interviews. Detailed 

information on collecting data on neighbourhood built environment attributes 

is presented later in this study.  

3.2.1 Selection of low- and high-deprivation areas  

The Index of Multiple Deprivation (IMD) was employed for identifying low- and 

high-deprivation areas on electoral ward scale (Zandieh et al., 2016). The IMD 

is an aggregated score of seven domains of deprivation (i.e., income, 

employment, health and disability, education and skills, barriers to housing 

and services, crime, and living environment) used in the UK (Fox et al., 2011; 

McLennan et al., 2011). It is produced at the level of Lower Layer Super Output 

Areas (LSOAs): relatively homogenous geographic areas with 1500 residents 

on average (Office for National Statistics, 2014; McLennan et al., 2011). 
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Deprivation level for each ward was determined based on the ward’s area 

covered by the 20% most or 20% least deprived LSOAs. As a result, four low-

deprivation areas and four high-deprivation areas were identified in 

Birmingham (Figure 3.1). Participants were recruited from these selected areas 

(Zandieh et al., 2016). 

 

Figure 3.1: Locations of low- and high-deprivation areas in Birmingham. 

Adapted from (Zandieh et al., 2016). 

3.2.2 Participant recruitment 

A convenience sampling approach was applied to recruit participants from 

social centres (e.g., community centres, University of the Third Age, libraries, 

etc.) in all 8 selected wards (Zandieh et al., 2016). Applying a convenience 

sampling approach is often the norm in health behaviour studies on older adults 

(Newsom et al., 2004). By posting advertisements and arranging information 

sessions in social centres, older adults were informed about the research and 

process of participation in the research (Zandieh et al., 2016). Inclusion criteria 
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were being age 65 or over, resident of one of the selected wards, able to walk, 

independent in daily life activities, and mentally healthy. English-speaking was 

not an eligibility criterion. A translator/assistant assisted participants (n = 58) 

who were non-English speakers or required help in filling the questionnaire. 

Quota sampling and UK census data (2001) were used to achieve maximum 

similarity to ethnic diversity in the total population of the selected wards. In 

total 216 participants received GPS tracking units, but 43 participants were 

excluded due to not using tracking units. Therefore, the final sample included 

173 participants (n = 93 and n = 80 from low- and high-deprivation areas, 

respectively). 

Based on participants’ availability and willingness to participate in walking 

interviews, a sub-sample was drown from the main sample (Zandieh et al., 

2016). Quota sampling was used to achieve maximum ethnic similarity with 

the total sample. All participants (n = 9 and n = 10 from (different parts of) 

low- and high-deprivation areas, respectively) could speak English. 

3.2.3 Measuring outdoor walking level 

For measuring participants’ outdoor walking levels, a GPS tracking unit (i-gotU 

GT-600 GPS data-loggerMobile Action Technology Inc., New Taipei City, 

Taiwan) was used. All participants from low- and high-deprivation areas were 

trained and used the units (set on motion detector mode and 2-second 

recording interval) for a period of 3 to 8 days (Mean=4.95, SD=1.61), 

depending on their willingness and availability (Zandieh et al., 2016). By using 

tracking units, detailed data on the location (x,y), date and time of participants’ 

outdoor walking activities were collected. By employing a GIS, each 

participant’s outdoor walking level was measured within a home-based 

neighbourhood: a 2-km Euclidean buffer around each participant’s home 

(Zandieh et al., 2016). All outdoor walking activities within this area were 

included in the measurement. For each participant, (average) outdoor walking 

level (minutes per day) was calculated in this way: (sum of durations of all 

walking activities) / (number of days that participant was loaned the GPS 

device) (Zandieh et al., 2016).  

3.2.4 Measuring personal characteristics15 

A questionnaire was used to collect data on six personal characteristics: age 

(65-74 years old or 75 years old and over); gender; marital status (single or 

in relationship); ethnicity (black and minority ethnic (BME) groups – i.e., Asian, 

Black, or mixed ethnic heritage – or white British (Roe et al., 2016)); 

educational attainment (sub-GCSE (General Certificates of Secondary 

Education or its equivalents) or GCSE and higher); and perceived health status 

                                           
15 - In this chapter ‘personal characteristics’ refers to all factors at individual level, including 

individual deprivation, sociodemographic status, and health status (see section 1.5). 
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over the last twelve months (poor or good). Missing data on each personal 

characteristic was less than 5%—except 11% missing data on educational 

attainment—(Zandieh et al., 2016).    

3.2.5 Measuring neighbourhood built environment attributes 

GIS-based measurements 

A GIS (ArcGIS 10.4, ESRI, Redlands, CA, USA) and data presented in Table 

3.2 were used to objectively measure neighbourhood built environment 

attributes within each participant’s home-based neighbourhood (the same area 

used for measuring outdoor walking levels). 

Table 3.2: Data used for objective measures of neighbourhood built environment 

attributes 

Neighbourhood 

built 

environment 

attributes 

Data Data definition 
Data 

source 

Residential 

densitya 

- Number of 

household spaces  

- LSOAs boundary-

line 2012 

Number of household spaces within each 

LSOA. 

Polygons representing boundary of each 

LSOA. 

UK census 

2001b 

Digimap/ 

EDINAc 

Land-use mix 

and intensity, 

and 

retail density 

- OS Points of 

Interest (PoI) 

2016 

- Topography layer 

of OSMM 2016  

Represents point locations of non-

residential uses and delivers classification 

of these uses, such as retails, schools, 

etc. (ESRI-UK, 2015). 

The most detailed and accurate data on 

UK physical features, such as roads and 

buildings (Ordnance Survey, 2017). 

Digimap/ 

EDINAc 

Street 

connectivity 

- Integrated 

Transport 

Network (ITN) 

layer of OSMM 

2016 

- Urban Path (UP) 

Theme layer of 

OSMM 2016 

Data on the drivable road network of the 

UK (Stockton et al., 2016). 

Data on the urban path network suitable 

for non-vehicular users, including all 

man-made footpaths, subways, steps, 

foot bridges and cycle path (Stockton et 

al., 2016) 

Digimap/ 

EDINAc 

 Note. a To measure residential density, data on neighbourhood land-use mix and intensity was also 

used for identifying residential land-use. b This source was also used for the participant recruitment 

(Zandieh et al., 2016). c Digimap/EDINA is the national data centre for UK academics. OSMM = 

Ordnance Survey MasterMap. 

We used Points of Interest (PoI) data to generate a land-use map, 

distinguishing residential and non-residential land-uses. For this purpose, PoI 

was overlain with Topography Layer of OSMM and non-residential buildings 

were identified. Similar to a previous study (Rodriguez et al., 2009), we 

considered one use for each building. After identifying non-residential 
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buildings, we digitised plots relevant to non-residential buildings. By excluding 

non-residential plots and buildings within these plots, residential buildings were 

identified and residential plots were digitised. Boundaries of all residential and 

non-residential plots were cross-referenced with Google Earth images. To 

identify ‘public’ green spaces, we cross-referenced ‘recreational lands’ 

(generated from PoI) with data on open spaces provided by Birmingham City 

Council (Birmingham City Council, 2012).  

To measure neighbourhood residential density, we used data on number of 

household space at LSOA level (Burgoine et al., 2011), because each home-

based neighbourhood contains and also intersects with several LSOAs. To 

calculate neighbourhood residential density, we used the following equation 

(where RD = residential density for a home-based neighbourhood, i = the 

LSOA, Di = residential density of the LSOA (total number of household space 

in the LSOA / total LSOA’s residential land-use area (hectare)), ki = the 

proportion of the LSOA’s residential land-use area (hectare) located within a 

home-based neighbourhood against total LSOA’s residential land-use area 

(hectare), n = the number of LSOAs): 

                                                        n 

RD = ∑ ki Di 
             i=1 

To measure neighbourhood land-use mix, we generated land-use entropy 

score which represents the degree of land-use diversity in a home-based 

neighbourhood. For this purpose, like previous studies (Frank et al., 2005; 

Sugiyama et al., 2015), we included residential land-use and (five types of) 

non-residential land-uses that may encourage daily outdoor walking (Table 

3.3) and we applied an equation (see Appendix Note 1) used in a UK study 

(Stockton et al., 2016). The entropy score ranged from 0 representing 

homogeneity (all land-uses are of a single type) to 1 representing the most 

land-use diversity (the neighbourhood is evenly distributed among all land-use 

categories) (Leslie et al., 2007).  

To measure land-use intensity, we considered 7 types of non-residential land-

uses that may encourage or discourage daily outdoor walking among older 

adults (Table 3.3). We measured area (hectare) of land covered by each type 

of uses within each participant’s home-based neighbourhood (a 2-km 

Euclidean buffer). To compare intensity of different types of land-uses in 

neighbourhoods, we calculated the percentage of neighbourhood land devoted 

to each type of use: (area (hectare) of each type of land-use / total area 

(hectare) of the home-based neighbourhood) × 100. 
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Table 3.3: Description of non-residential land-use types 

Land-use types Included services and facilities* Studies 

May encourage daily 

outdoor walking: 
  

Eating/drinking 

Cafes, snack bars and tea rooms; fast food 

and takeaway outlets; fast food delivery 

service; fish and chips; internet cafes; 

pubs, bars and inns; and restaurants. 

(Berke et al., 2007; 

Chudyk et al., 2015) 

Green spaces 
Public parks and gardens; natural green 

spaces; and amenity green spaces. 

(Kerr et al., 2012; Li et 

al., 2005c; Stathi et al., 

2012; Zandieh et al., 

2017b) 

Recreation centres 

Athletic facilities, bowling facilities, golf 

courses, snooker and pool halls, squash 

courts, swimming pools, tennis facilities. 

(King et al., 2005; 

Schutzer and Graves, 

2004; Li et al., 2005b) 

Social infrastructure 

Halls and community centres; libraries; and 

places of worship; cinemas; nightclubs; 

social clubs; theatre and social halls. 

(Nathan et al., 2012; 

Persson and While, 

2011; Stathi et al., 

2012) 

Retail 

All shops and stores selling cloth and 

accessories; food, drink and multi item 

retail; household, office, leisure and garden 

stuffs. 

(Michael et al., 2006a; 

Berke et al., 2007; King 

et al., 2005; Frank et 

al., 2010) 

May discourage daily 

outdoor walking: 
 

Schools 

Broad age range and secondary state 

schools; first, primary and infant schools; 

further education establishments; higher 

education establishment; independent and 

preparatory schools; pupil referral units; 

special schools and colleges; and 

unspecified and other schools. 

(Berke et al., 2007) 

Industries 

All services and facilities related to 

manufacturing and productions (i.e., 

consumer products, executive industries, 

farming, foodstuffs, industrial features, 

industrial products) 

(Sugiyama et al., 2015; 

Frank et al., 2004) 

Note. aOrdnance Survey (2013). Services and facilities that may not relate to older adults’ daily 

outdoor walking (e.g., retail: motoring) were not included in land-use mix and intensity 

measurements. 

To measure street connectivity, we used ITN layer and UP Theme layer of 

OSMM (Table 3.2). These layers of OSMM topographically represent roads and 

urban paths as links and the junctions as nodes (Stockton et al., 2016). We 

used the method explained by Stockton et al. (2016) – we combined ITN and 

UP networks by using the Network Analyst extension in ArcGIS—and created a 

pedestrian route network dataset. Motorways and slip roads were excluded 

from this network dataset, since they are forbidden routes for pedestrians in 

the UK (Department of Transport, 2016). Junction density was used as an 
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indicator for neighbourhood street connectivity (Ellis et al., 2016; Leslie et al., 

2007). We counted number of junctions (points identified from the pedestrian 

route network dataset) that connecting three or more roads/paths within 

participants’ home-based neighbourhoods (Stockton et al., 2016) and we 

calculated neighbourhood street connectivity in this way: the number of 

junctions in a home-based neighbourhood / the area (hectare) of the home-

based neighbourhood (Leslie et al., 2007).  

For neighbourhood retail density, the area (hectare) of retail buildings and 

plots were measured within participants’ home-based neighbourhoods. The 

neighbourhood retail density was calculated being area of retail buildings in a 

home-based neighbourhood / total area of retail plots in a home-based 

neighbourhood (Leslie et al., 2007). 

Data on each neighbourhood built environment attribute was produced and 

was exported to a statistical software (SPSS 24, IBM, Armonk, NY, USA) for 

statistical analyses. Similar to previous studies (Sugiyama et al., 2015; 

Dujardin et al., 2014), we did not combine neighbourhood built environment 

attributes to create a single composite ‘walkability index’, in the hope to better 

distinguish the respective role of each neighbourhood built environment 

attribute—and subsequently, spatial inequalities—in high- and low-deprivation 

areas. 

Walking interview 

Walking interviews are an ideal technique for collecting rich qualitative data on 

perceived neighbourhood built environment (Jones et al., 2008b; Evans and 

Jones, 2011). We conducted individual open-question walking interviews with 

participants from low- and high-deprivation areas (Table 3.4). Participants 

were informed about the purpose of the research. The interviews were 

performed in English. A GPS unit and a digital recorder were used for recording 

data. Participants were asked to determine walking routes to take the 

interviewer around the neighbourhood and to explain about advantages and 

disadvantages of their neighbourhoods for walking. Through walking 

interviews, participants were enabled to express their assessments of their 

neighbourhoods’ built environment and to provide information on how their 

neighbourhoods support them to take outdoor walks. They talked about their 

neighbourhoods’ facilities and explained: how these facilities 

encourage/discourage them to take outdoor walks; how they get to different 

destinations; and how they move from one place to another place in their 

neighbourhoods. Participants also showed us examples of different issues that 

they were talking about. The interviews lasted 30 to 60 minutes, depending on 

participants’ willingness to walk. 
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Table 3.4:  Detail information about sub-sample (participants for walking interviews) 

Participants’ characteristics 

Sub-sample 

Low-deprivation areas High-deprivation areas Total 

Number of participants 9 10 19 

Age (n):    

75 years old and over 5 5 10 

65–74 years old 4 5 9 

Gender (n):    

Men 2 4 6 

Women 7 6 13 

Marital status (n):    

In relationship 6 5 11 

Single 3 5 8 

Ethnicity (n):    

White British 8 5 13 

BME groups 1 5 6 

Educational attainment (n):    

GCSE and higher  9 2 11 

Sub-GCSE 0 8 8 

Health status (n):    

Good 9 9 18 

Poor 0 1 1 

Note. n = number. Data from (Zandieh et al., 2016). 

3.2.6 Data Analysis 

Quantitative analysis 

Descriptive statistics was used to analyse the participants’ personal 

characteristics. The spatial distributions of outdoor walking levels and 

(objectively measured) neighbourhood built environment attributes were 

analysed using GIS. For this purpose, Natural Breaks in data sets were used to 

classify data in three levels (e.g., low, medium, and high). 

We used independent sample t-tests to compare the average outdoor walking 

levels, as well as (objectively measured) neighbourhood built environment 

attributes, between low- and high-deprivation areas.   

To study the relationships between neighbourhood built environment attributes 

and outdoor walking levels, we applied a statistical approach used in previous 

studies (Zandieh et al., 2016; Sugiyama et al., 2015): we employed 

hierarchical linear regression analyses and we examined each neighbourhood 

built environment attribute (i.e., residential density, land-use mix, intensity of 

different types of land-uses, street connectivity, and retail density) 

individually. In each regression model, we tested the interaction between the 

neighbourhood built environment attribute and area deprivation. When the 

interaction was significant, analyses were conducted for low- and high-

deprivation areas separately.  
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We controlled each regression model for two personal characteristics (i.e., 

marital status and ethnicity), since only these two personal characteristics 

were significantly related to outdoor walking levels (Zandieh et al., 2016). 

Comparing to single or BME groups, participants who were in a relationship or 

white British were more likely to walk outside home (correlations between 

these two personal characteristics and objectively measured neighbourhood 

built environment attributes were tested and reported in Appendix Table 1). In 

all regression models the missing data was excluded listwise and logarithmic 

transformation was applied on all variables (x+1) to reduce heteroscedasticity. 

All statistical analyses were conducted considering a p-value < 0.05 as 

significant. There was no significant difference between averaged GPS lending 

period (number of days) in low- and high-deprivation areas (Zandieh et al., 

2016). 

Qualitative analysis 

We used qualitative analyses to examine participants’ perceptions of the same 

neighbourhood built environment attributes (i.e., residential density, land-use 

mix and intensity, street connectivity, and retail density) in order to triangulate 

and corroborate (Bryman, 2006) the quantitative results. Thus, we used a 

deductive approach for the qualitative study. First, we conducted open coding 

to ensure that the important aspects of the qualitative data were not missed 

(Gale et al., 2013). Then, we followed a thematic analysis approach (Bryman, 

2016) and defined four main themes (i.e., residential density, land-use mix 

and intensity, street connectivity and retail density). Codes were categorised 

by linking them to the themes. To improve the reliability of analysis, we 

continued the process until data analysis reached saturation. We rechecked the 

consistency of coding by repeating the process (Zhang and Wildemut, 2009). 

All process was done by employing a Computer Aided Qualitative Data Analysis 

(CAQDAS) software (ATLAS.ti Scientific Software Development GmbH, Berlin, 

Germany). 

3.3 Results 

3.3.1 Sample characteristics 

Sample characteristics are reported in Table 3.5. This table shows that the 

majority of participants from high-deprivation areas were from BME groups 

and/or had low educational attainment (sub-GCSE), while most participants 

from low-deprivation areas were white British and/or had high educational 

attainment (GCSE and higher). Moreover, in both low-and high-deprivation 

areas over 90% of participants perceived good health status.  
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Table 3.5: Sample characteristics in low- and high-deprivation areas and in total 

Participants’ characteristics 
Total sample 

Low High Total 

Number of participants 93 80 173 

Average age of participants (M (SD)) 74.8 (5.82) 73.5 (5.95) 74.2 (5.90) 

Age (%):    

75 years old and over 53 43 48 

65-74 years old 47 57 52 

Gender (%):    

Men 30 59 43 

Women 70 41 57 

Marital status (%):    

In relationship 53 53 53 

Single 47 47 47 

Ethnicity (%):    

White British 97 41 71 

BME groups 3 59 29 

Educational attainment (%):    

GCSE and higher 80   24 54  

Sub-GCSE 10   64 35  

Health status (%):    

Good 93 92 92 

Poor 6 8 7 

Note. Low = sample from low-deprivation areas, High = sample from high-deprivation areas, Total = 

sample from both low- and high-deprivation areas, M = Mean, SD = Standard Deviation. Data from 

(Zandieh et al., 2016). 

3.3.2 Disparities in outdoor walking levels between low- and high-

deprivation areas 

Outdoor walking levels in low- and high-deprivation areas are illustrated in 

Figure 3.2-A. The minimum, maximum and average outdoor walking levels are 

0.00, 68.33 and 14.99 minute/day respectively. Compared to low-deprivation 

areas, high and medium walking levels are less prevalent in high-deprivation 

areas (Figure 3.2-A). The results of t-test also indicate that (on average) 

participants from high-deprivation areas walk outside home significantly less 

than their peers from low-deprivation areas (Figure 3.2-A). 

3.3.3 Spatial inequalities in objectively measured neighbourhood 

built environment attributes  

Spatial inequalities in neighbourhood residential density, land-use mix and 

intensity, street connectivity, and retail density are presented in Figure 3.2. 
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High residential density (Figure 3.2-B), high land-use mix (Figure 3.2-C), high 

street connectivity (Figure 3.2-D), and high retail density (Figure 3.2-E) are 

more prevalent in high-deprivation areas than in low-deprivation areas. 

Moreover, intensities of specific types of land-uses (i.e., eating/drinking, social 

infrastructure, retail, schools, and industries) are higher in high-deprivation 

areas than in low-deprivation areas (Figure 3.2-C). Inverse trends were found 

for intensities of other types of land-uses (i.e., green space and recreation 

centres). While in high-deprivation areas, a large percentage (8%) of 

neighbourhood land is devoted to industries, in low-deprivation areas, a large 

percentage (17%) of neighbourhood land is devoted to green space (Figure 

3.2-C). The results of t-test show that differences in neighbourhood built 

environment attributes between low- and high-deprivation areas are significant 

(Figure 3.2). 

3.3.4 Relationships between neighbourhood built environment 

attributes and outdoor walking levels 

Neighbourhood land-use intensity was related to outdoor walking levels. 

Intensities of two types of land-uses (i.e., green space and recreation centres) 

were positively—and intensities of two types of land-uses (i.e., schools and 

industries) were negatively—related to outdoor walking levels (Table 3.6). 

Therefore, participants living in neighbourhoods where greater land area is 

dedicated to green space and recreation centres or where lesser land area is 

dedicated to schools and industries are more likely to take longer outdoor 

walks. Surprisingly, neighbourhood street connectivity was negatively related 

to outdoor walking levels (Table 3.6). It means that participants living in 

neighbourhoods with more number of junctions are less likely to walk outside 

home. Neighbourhood residential density, land-use mix, and retail density 

were not related to outdoor walking levels. 

The interactions between area deprivation and neighbourhood land-use-mix 

and intensity (i.e., intensity of social infrastructure) were significantly related 

to outdoor walking levels (Table 3.6). Table 3.7 shows that land-use-mix is 

related to outdoor walking levels only in low-deprivation areas. However, 

intensity of social infrastructure was not related to outdoor walking levels in 

low- and high-deprivation areas. This finding indicates that relationships 

between intensity of social infrastructure and outdoor walking levels are similar 

in low- and high-deprivation areas.  
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Table 3.6: Results of hierarchical analyses: relationships between neighbourhood built 

environment attributes and outdoor walking levels 

Neighbourhood built 

environment attribute 

Outdoor walking levels Interactionsa 

B (SE) B (SE) 

Residential density -0.19 (0.12) -0.09 (0.08) 

Land-use-mix  0.01 (0.17) -0.44 (0.17)* 

Land-use intensity   

Eating/drinking -0.10 (0.12) -0.08 (0.04) 

Green space 0.28 (0.13)* -0.03 (0.03) 

Recreation centres 0.36 (0.13)** 0.01 (0.04) 

Social infrastructure -0.07 (0.12) -0.29 (0.13)* 

Retail -015 (0.12) -0.07 (0.04) 

Schools -0.44 (0.18)* 0.00 (0.04) 

Industries -0.13 (0.06)* -0.01 (0.05) 

Street connectivity -0.45 (0.17)* -0.17 (0.74) 

Retail density -0.58 (1.13) -1.60 (0.87) 

Note. Each neighbourhood built environment attribute was examined individually. This table presents 

the results after controlling for personal characteristics (i.e., marital status and ethnicity). 
aRelationship between outdoor walking levels and interaction between area deprivation and the 

neighbourhood built environment attribute. B = Unstandardised Coefficient; SE = Standard Error. 

The values in bold type are significant. *p < 0.05, **p < 0.01. 

Table 3.7: Results of hierarchical analyses: relationships between neighbourhood land-

use mix and intensity, and outdoor walking levels in low- and high-deprivation areas 

Neighbourhood land-use mix and intensity 

Outdoor walking levels 

Low-deprivation areas High-deprivation areas 

B (SE) B (SE) 

Land-use mix 0.47 (0.22)* -0.30 (0.25) 

Intensity of social infrastructure 0.11 (0.14) -0.27 (0.25) 

Note. This table presents the results after controlling for personal characteristics (i.e., marital status 

and ethnicity). B = Unstandardised Coefficient; SE = Standard Error. The values in bold type are 

significant,*p < 0.05. 

3.3.5 Qualitative results on perceived neighbourhood built 

environment attributes  

Qualitative findings provide evidence on perceived neighbourhood residential 

density, land-use mix and intensity, street connectivity, and retail density. 

They show that generally the participants living in high-deprivation areas 

perceive more built environment challenges, especially in terms of 

neighbourhood land-use intensity, for outdoor walking. The following 

subsections explain the qualitative findings in detail. 

Residential density 

Participants from both low- and high-deprivation areas reported that they walk 

to their friends’ or relatives’ homes because their friends/relatives’ homes are 
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located at close distances. Nevertheless, participants from high-deprivation 

areas discussed that there are many people and houses in these 

neighbourhoods, which result in more social disorder, less beautiful scenery, 

and fewer local green spaces for outdoor walking:  

“You can see, this is a very congested area. (…) larger families are 

living in this area. When the summer comes, many children come in 

the street (…) there isn’t any youth activity in the area. They (children 

and youth) do not know where to go. They hang here and there, smash 

the windows and create problems in the area (….) For the elderly 

people, we don’t have really any place (….) We need more areas like 

parks” (a participant, high-deprivation areas). 

Participants from low-deprivation areas, however, did not discuss challenges 

related to residential density. Interestingly, a participant from low-deprivation 

areas said that the residential area is suitable for taking a recreational walk 

with a dog:  

“I usually walk that way, where all the houses are, because I walk with 

the dog and it is not easy to take the dog to Mere Green, where the 

shops are, because I can’t leave him anywhere to go shopping.” 

Land-use mix and intensity 

Participants outlined three issues related to neighbourhood land-use mix and 

intensity: (1) un/availability of destinations/places; (2) distance to 

destinations; and (3) attractiveness of destinations/places.   

(1) Un/availability of destinations/places: all participants talked about walking 

to non-residential destinations (e.g., shop and mosques) in their 

neighbourhoods. Nevertheless, they discussed about lack of some facilities 

(i.e., green spaces and recreation centres (e.g., gym) in high-deprivation 

areas; and libraries and shops in some parts of low-deprivation areas (e.g., 

Hill Hook)). The absence of social infrastructure—especially community centres 

with activities for older adults—was reported in high-deprivation areas and 

some parts of low-deprivation areas (e.g., Hill Hook and New Oscott). 

Participants explained that they may be encouraged to take more outdoor 

walks if these facilities (i.e., green spaces and gyms, or libraries and shops, or 

community centres with activities for older adults) are provided in their 

neighbourhoods: “If there was a community centre for people over 65, I’d go 

out maybe every day” (a participant, high-deprivation areas).  

Presence of schools and industries discouraged outdoor walking. As 

participants explained, schools generate traffic and traffic hazards for walking: 
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 “There is a school (…) because of the school, the traffic is all over here 

(…) you’ve got a lot of children being brought to the school by car, not 

so many walking, (…) this area around here is very dangerous (for 

walking)” (a participant, low-deprivation areas). 

Presence of industries provides unattractive scenery and makes 

neighbourhoods boring for walking. Presence of many schools and industries 

was reported in high-deprivation areas. Participants from low-deprivation 

areas did not talk about industries in their neighbourhoods. 

 (2) Distance to destinations: participants from both low- and high-deprivation 

areas pointed to ‘close distance’ to destinations (e.g., shops or places of 

worship) as an important issue for outdoor walking. Most participants from 

low- and high-deprivation areas were satisfied with the (perceived) distances 

to available facilities in their neighbourhoods. A participant from a low-

deprivation area said “It [walking] is convenient to shops up the Mere Green 

and that encourages you to walk that distance”. Participants from low- and 

high-deprivation areas were also satisfied with hilly distances to available 

destinations and explained that they do not avoid hills if they have to face 

them.  

(3) Attractiveness of destinations/places: notwithstanding the presence of 

specific facilities (i.e., parks, shops, restaurants and cafés) at close distances, 

participants from high-deprivation areas perceived them as unattractive 

destinations for walking. They explained that available green spaces in their 

neighbourhoods are small, dirty, unsafe and not interesting (except a couple 

of parks, such as Aston Park) and do not motivate them to walk. A participant 

said: “(To encourage me to walk) you can refurbish the park. (….) We’ve got 

a park (Ward End Park), but it could be improved. We don’t have a (high 

quality) park!”. Some participants also discussed that some facilities (e.g., 

groceries and clothing shops) do not provide acceptable products and are not 

considered as walking destinations. A White British participant said: “shops are 

within easy walking distance of my home but they are not the shops I want, 

they are Asian!”. Some facilities (i.e., restaurants and cafés) were perceived 

unaffordable for some participants and did not encourage these participants to 

walk.  

In contrast, in low-deprivation areas, the participants were satisfied with 

attractiveness of destinations for walking (e.g., shops, café and restaurants). 

They explained how a high quality of facilities such as green spaces (e.g., 

Sutton Park and New Hall Valley) encourages them to take outdoor walks. They 

said the large size and the history of green spaces, the beautiful nature, the 

variety of nice sceneries, the access to different gates, the lights and facilities 

(e.g., café and restaurant) and safety give them plenty of opportunities and 
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incentives for walking for recreational purposes. Moreover, green spaces offer 

them beautiful shortcuts and some participants walk through the green spaces 

to get to their destinations. A participant said:  

“I mean the park is seven square miles and it has five lakes. It has at 

least six gates to get into it, from the various angles. (….) I use it (as 

a shortcut) if I go to travel. (…) you spend three hours for 

(recreational) walking (around the park) and then you can have a 

coffee and a lunch.” 

Street connectivity 

Participants from both low- and high-deprivation areas were satisfied with 

moving from one place to another place through different routes or shortcuts 

in their neighbourhoods. They explained that presence of alternative routes 

and shortcuts facilitates their movement in their neighbourhoods and 

encourages them to get to their destinations on foot. A participant from low-

deprivation areas said: “We’ll do a short cut into the (New Hall) Valley (….) 

there are one or two cul-de-sacs (….) but in most places there is a cut-through 

somewhere, we’re going to do another one (shortcut)”. A participant from high-

deprivation areas also said: “You can get from A to Z (in my neighbourhood), 

you can go many ways. You can walk many ways!”  

Retail density 

Participants explained that there are spaces devoted to cars (e.g., parking) 

next to some retail units. However, presence of these spaces was not perceived 

as a challenge for outdoor walking. Some participants from low- and high-

deprivation areas benefit from presence of these spaces (i.e., parking), 

because they use a car to go shopping at close distances in order to avoid 

carrying heavy bags: “If I go to the small shops, I will walk. If I need a big 

shop, once a week in Sainsbury’s (supermarket), I will take a car, because I 

have to carry them” (a participant, low-deprivation areas). Presence of a 

parking by retails facilitates shopping for these participants and encourages 

participants to use these facilities. Although these participants use a car to go 

shopping, they do it due to their reluctance to carry heavy shopping bags, not 

due to distances to the shops or traffic hazards. 

3.3.6 Combining quantitative and qualitative results 

A combination of quantitative and qualitative results is presented in Table 3.8. 

Quantitative results indicate that intensities of specific land-uses (i.e., green 

space and recreation centres) in neighbourhoods are positively—and intensities 

of specific land-uses (i.e., schools and industries) are negatively—related to 

outdoor walking levels. These results are supported by qualitative results 
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showing that presence of (attractive) green space and recreation centres (e.g. 

gyms) encourages—and presence of schools and industries discourages—

outdoor walking. Quantitative results also show spatial inequalities in land-use 

intensity (lower intensities of green space and recreation centres, and higher 

intensities of schools and industries) in high- versus low-deprivation areas. 

These findings are consistent with qualitative results showing (perceived) lack 

of green space and recreation centres—and presence of many schools and 

industries—in high-deprivation areas. Combining the quantitative and 

qualitative results indicates that inequalities in intensities of specific 

neighbourhood land-uses (i.e., green space, recreation centres, schools, and 

industries) in high- versus low-deprivation areas may influence the disparities 

in participants’ outdoor walking levels.  

Neighbourhood street connectivity was negatively related to outdoor walking 

levels. However, this result is not consistent with qualitative results showing 

that (perceived) short and diverse routes encourage outdoor walking in both 

low- and high-deprivation areas. Therefore, in this study, inequalities in 

neighbourhood street connectivity (i.e., short and diverse routes) in high- 

versus low-deprivation areas do not influence the disparities in participants’ 

outdoor walking levels. We discuss about this issue later in this chapter. 

Neighbourhood land-use mix was related to outdoor walking levels only in low-

deprivation areas. Neighbourhood residential density and retail density were 

not related to outdoor walking levels.  

Table 3.8: Combination of quantitative and qualitative results 

Neighbourhood built 

environment 

attribute 

Quantitative results Qualitative results 

Spatial 

inequalities 

Related to 

walkinga 
levels 

Perceived influences of neighbourhood 

built environment attributes on outdoor 

walking levels 

Residential density High > Low No 

High: encouraged walking by providing 

close destination. Discouraged walking 

due to generating social disorder, less 

beautiful scenery and fewer open spaces. 

Low: encouraged walking by providing 

close destinations and offering a suitable 

area for recreational walks. 

Land-use mix High > Low Nob 

High and Low: close distances to diverse 

destinations/places were important and 

encouraged walking.   

Land-use intensity 

Eating/drinking 
 

High > Low 

 

No 

High: were perceived as unattractive 

destinations by some participants and 

did not support walking among them. 

Low: were perceived as attractive 

destinations and encouraged walking.  

Green space High < Low Yes + 

High: lack of green spaces as attractive 

destinations/places for walking 

discouraged walking. 
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Low: presence of green spaces as 

attractive destinations/places for walking 

encouraged walking.  

Recreation 
centres 

High < Low Yes + 

High: lack of recreation centres in 

neighbourhood did not support walking. 

Low: presence of recreation centres in 

neighbourhood encouraged walking.  

Social 

infrastructure 
High > Low No 

High: lack of these destinations (i.e., 
community centres with social activities 

for older adults) did not support walking. 

Low: lack of these destinations (i.e., 

libraries and community centres with 

social activities for older adults) did not 

support walking. 

Retail High > Low No 

High: were perceived as unattractive 

destinations by some participants and 

did not support walking among them. 

Low: lack of these destinations (i.e., 

shops) in some areas discouraged 

walking. 

Schools High > Low Yes - 

High: presence of many schools 

discouraged walking due to generating 

traffic dangers. 

Low: presence of schools discouraged 

walking due to generating traffic 

dangers. 

Industries High > Low Yes - 

High: presence of many industries 

discouraged walking by offering 

unattractive scenery in the 

neighbourhood.  

Low: presence of industries was not 

discussed by participants. 

Street connectivity High > Low Yes 
High and Low: perceived short and 

alternative routes encouraged walking.  

Retail density High > Low No 

High and Low: presence of spaces 

devoted to cars (e.g., parking) was not 

perceived as a challenge for walking. 

Note: a Outdoor walking; b Neighbourhood land-use mix was related to outdoor walking levels only in 

low-deprivation areas. Low = low-deprivation areas; High = high-deprivation areas; + a positive 

relationship; - a negative relationship. 

3.4 Discussion 

This study examined inequalities in neighbourhood walkability (i.e., residential 

density, land-use mix and intensity, street connectivity, and retail density) in 

high- versus low-deprivation areas and their possible influences on older 

adults’ outdoor walking levels in Birmingham, UK. Consistent with previous 

studies (Fox et al., 2011; Zandieh et al., 2015), it showed that participants 

from high-deprivation areas walk outside home less than their peers from low-

deprivation areas. It demonstrated that inequalities in neighbourhood land-use 

intensity (i.e., intensities of green space, recreation centres, schools and 
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industries) in high- versus low-deprivation areas might influence disparities in 

participants’ outdoor walking levels between these areas. The following 

subsections discuss about findings of this study. 

3.4.1 Neighbourhood walkability in low- and high-deprivation areas 

This study showed that many aspects of neighbourhood walkability are more 

predominant in high-deprivation areas than in low-deprivation areas. Higher 

neighbourhood residential density, land-use mix, street connectivity, and retail 

density were found in high-deprivation areas than in low-deprivation areas. 

These results are consistent with previous studies on adults showing higher 

land-use mix (Sugiyama et al., 2015), street connectivity (Sugiyama et al., 

2015; Sallis et al., 2011), and composite walkability index (King and Clarke, 

2015) in high- versus low-deprivation areas. Consistent with a previous study 

on adults (Sallis et al., 2011), this study showed that only intensity of certain 

neighbourhood land-uses (i.e., green space and recreation centres) is lower in 

high-deprivation areas than in low-deprivation areas. Therefore, in high-

deprivation areas, the structure of neighbourhoods for outdoor walking is 

partially suitable for outdoor walking: for example, short and diverse routes 

exist in high-deprivation areas. King and Clarke (2015) have addressed it as a 

strength of some high-deprivation areas. Considering findings of this study, 

policy makers/urban planners may need to modify land-use intensity (e.g., 

increasing green space intensity and decreasing industry intensity) in these 

areas. Identifying correlations between intensities of different types of land-

uses in neighbourhood may help in modifying neighbourhood land-use 

intensity (these correlations are examined in Chapter 5). 

3.4.2 Neighbourhood walkability and outdoor walking levels  

Despite high levels of many aspects of neighbourhood walkability in high-

deprivation areas, participants living in these areas walked less than their peers 

living in low-deprivation areas. Consistent with previous studies on older adults 

(Li et al., 2005c; Li et al., 2005b), this study showed that intensities of specific 

land-uses (i.e., green space and recreation centres) in neighbourhoods are 

related to outdoor walking levels. However, neighbourhood residential density, 

and retail density are not related to outdoor walking levels. Furthermore, 

intensities of schools and industries (that occupy a large percentage of 

neighbourhood land in high-deprivation areas), and neighbourhood street 

connectivity are negatively related to outdoor walking levels. These findings 

support previous studies (Frank et al., 2004; Sugiyama et al., 2015) 

addressing industries as unsuitable land-use for walking, Berke et al. (2007)’s 

discussion on negative associations between schools and neighbourhood 

walkability, and findings of a previous study (Gomez et al., 2010) on negative 

associations between street connectivity and older adults’ walking. The 

relationships between neighbourhood built environment attributes and outdoor 

walking levels were not moderated by area deprivation, except for 

neighbourhood land-use mix, that is related to outdoor walking levels only in 
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low-deprivation areas. A previous study on adults’ physical activity has 

reported similar results on composite walkability index in Ghent, Belgium (van 

Dyck et al., 2010). 

Concerning the qualitative results, the insignificant or negative relationships 

between some neighbourhood built environment attributes and outdoor 

walking levels may be influenced by other neighbourhood built environment 

attributes. For example, relationships between neighbourhood residential 

density, intensities of schools and industries, and outdoor walking levels may 

be influenced by social disorder, traffic conditions and aesthetics in 

neighbourhoods (Table 3.8). Moreover, negative relationship between 

neighbourhood street connectivity (i.e., number of junctions) and outdoor 

walking levels is probably influenced by other factors, such as traffic hazards 

at junctions (Gomez et al., 2010) and higher level of traffic noise at junctions 

(Quartieri et al., 2010) that may be negatively related to older adults’ outdoor 

walking levels (Zandieh et al., 2016). Furthermore, in line with other studies 

(Zandieh et al., 2015), it was qualitatively shown that intensities of some types 

of land-uses (i.e., green spaces, eating/drinking and retail) may provide 

destinations, but these destinations are not attractive for walking (Table 3.8). 

Previous studies have also discussed that attractiveness of destinations is 

important for walking (Talen, 2002). Moreover, other neighbourhood built 

environment attributes (i.e., safety, pedestrian infrastructure such as traffic 

condition and pavement conditions, and aesthetics such as presence of trees 

and greenery) may influence outdoor walking (Saelens and Handy, 2008). 

Therefore, it is likely that other neighbourhood built environment attributes 

(e.g., safety, pedestrian infrastructure and aesthetics)—and unattractiveness 

of destinations/places—weaken or negate positive impacts of macro built 

environment attributes (e.g., presence of friends’ homes at close distance and 

presence of short and diverse routes to destinations) on outdoor walking levels 

in high-deprivation areas. Additionally, a review study done by Trost et al. 

(2002) has found that in addition to neighbourhood built environment 

attributes, social/cultural environment, such as social support, and some 

individual factors, such as lack of time and self-efficacy, may influence 

participation in physical activity. 

Although this study focused on macro built environment attributes, it paves 

the way for future research: (1) to examine influences of other neighbourhood 

built environment attributes (e.g., neighbourhood safety and noise level) on 

older adults’ outdoor walking levels in low- and high-deprivation areas; (2) to 

investigate possible correlations between all neighbourhood built environment 

attributes (e.g., neighbourhood residential density, street connectivity, 

aesthetics and noise) influencing older adults’ outdoor walking; (3) to study 

relationships between attractiveness of non-residential destinations (e.g., 

green spaces) and older adults’ outdoor walking levels in low- and high-

deprivation areas; and (4) to study the influences of social/cultural 

environment and individual factors (e.g., lack of time and self-efficacy) on older 
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adults’ outdoor walking levels in low- and high-deprivation areas. Moreover, 

this study did not address outdoor walking for different purposes (e.g., 

transport and recreation) due to lack of data on purpose of outdoor walking. It 

is likely that neighbourhood built environment attributes (e.g., street 

connectivity) differently associate with older adults’ outdoor walking levels for 

different purposes (Joseph and Zimring, 2007). Future studies may improve 

knowledge on relationships between neighbourhood built environment 

attributes and older adults’ outdoor walking levels for different purposes in low- 

and high-deprivation areas. Although this study addressed land-use intensity 

(measured by land area), it did not investigate number of each type of 

destinations. A greater (or lesser) area (hectare) of certain types of land-uses 

does not necessarily mean a higher (or lower) number of those types of 

destinations. Future studies may examine influences of number of destinations 

(e.g., retail, green space, recreation centres, and facilities such as bus stops) 

on older adults’ outdoor walking levels in low- and high-deprivation areas.  

3.4.3 Limitations 

This study has some limitations. Data from different years (e.g., outdoor 

walking levels from 2012 and layers of OSMM from 2016) was used in this 

study. Moreover, this study considered one use of each building for generating 

a land-use map (it did not involve vertical development: tall multi-use buildings 

were treated in the same way as one-storey buildings). A coarse data on 

residential land-use was used: identifying residential use by excluding non-

residential uses did not involve residential use in multi-use buildings. This 

study assumed that there is a pavement in each road/street and generated the 

pedestrian network by combining ITN and UP networks (‘the drivable road 

network’ and ‘path network suitable for non-vehicular users’). It did not involve 

presence or absence of pavements in generating the pedestrian network due 

to lack of data. Cross-sectional nature of study prevented this study from 

making a causal inference. This study was done in one UK city with a 

convenience sample; therefore, participants may not be representative of all 

older residents, especially older residents with poor health status. Self-

selection bias is a probability: people who enjoy walking may choose to live in 

neighbourhoods that support walking. Difference between perceived 

neighbourhood area and defined home-based neighbourhood is also a 

probability. Nevertheless, this study provides an insight into the spatial 

inequalities in low- and high-deprivation areas which is applicable to more 

heterogeneous samples, other cities and future research.  
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3.5 Conclusion 

This study extends the literature on neighbourhood walkability, especially for 

older adults. It enriches the existing knowledge on influences of spatial 

inequalities in the built environment (in high-versus low-deprivation areas) on 

physical activity levels. It is one of the first examples of research on older 

adults’ outdoor walking combining a spatial inequality approach, GIS and GPS 

technology, and participants’ perceptions. It showed that spatial inequalities in 

one aspect of neighbourhood walkability (i.e., neighbourhood land-use 

intensity: intensities of green spaces, recreation centres, schools, and 

industries) in high- versus low-deprivation areas may influence the disparities 

in participants’ outdoor walking levels between these areas. This study may 

help policy makers and urban planners to determine how to improve 

neighbourhood walkability for older adults, especially in high-deprivation 

areas. Land-use strategies aiming at modifying intensities of land-uses in 

neighbourhoods may help in supporting and encouraging outdoor walking in 

high-deprivation areas.
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Chapter 4 

Influences of micro built environment 
attributes on older adults’ outdoor walking 
levels  

                                           
 This Chapter is based on: 

Zandieh R, Martinez J, Flacke J, et al. (2016) Older adults’ outdoor walking: Inequalities in 

neighbourhood safety, pedestrian infrastructure and aesthetics. International Journal of 

Environmental Research and Public Health 13: 1179. 
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Abstract 

Older adults living in high-deprivation areas walk less than those living in low-

deprivation areas. Previous research has shown that older adults′ outdoor 

walking levels are related to the neighbourhood built environment. This chapter 

examines inequalities in perceived built environment attributes (i.e., safety, 

pedestrian infrastructure and aesthetics) and their possible influences on 

disparities in older adults′ outdoor walking levels in low- and high-deprivation 

areas of Birmingham, United Kingdom. It applies a mixed-method approach, 

includes 173 participants (65 years and over), uses GPS technology to measure 

outdoor walking levels, uses questionnaires (for all participants) and walking 

interviews (with a sub-sample) to collect data on perceived neighbourhood 

built environment attributes. The results show inequalities in perceived 

neighbourhood safety, pedestrian infrastructure and aesthetics in high- versus 

low-deprivation areas and demonstrate that they may influence disparities in 

participants′ outdoor walking levels. Improvements of perceived 

neighbourhood safety, pedestrian infrastructure and aesthetics in high-

deprivation areas are encouraged. 
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4.1 Introduction 

Outdoor walking, as a type of physical activity, takes place in outdoor spaces. 

It has well-known benefits for health in later life (Kerr et al., 2012; Sugiyama 

and Thompson, 2007) and older adults are recommended to take outdoor 

walks (Department of Health, 2011b). However, evidence shows that most 

older adults, especially those living in high-deprivation areas of cities (areas 

with high levels of social and economic disadvantages) (Davis et al., 2011; 

Hillsdon et al., 2008), are physically inactive (BHFNC, 2012; Harvey et al., 

2013). Fox et al. (2011) found that older residents of high-deprivation areas 

walk less than those of low-deprivation areas. This finding indicates the 

necessity of encouraging outdoor walking among older adults, especially those 

living within high-deprivation areas. 

Although some previous studies have found insignificant relationships between 

the built environment and older adults′ walking (van Cauwenderg et al., 2011; 

Nagell et al., 2008), there is growing evidence showing that older adults′ 

walking level is related to the built environment of residential neighbourhoods 

(Li et al., 2005a; Li et al., 2005b; Li et al., 2005c). Neighbourhood built 

environment may encourage older adults to take outdoor walks (Department 

of Health, 2011b; Kerr et al., 2012). Built environment attributes fall into two 

categories (Cain et al., 2014): (1) macro built environment attributes, 

including neighbourhood residential density, land-use mix and intensity, street 

connectivity, and retail density, which shape the overall design and structure 

of a neighbourhood; and (2) micro built environment attributes, including 

safety, pedestrian infrastructure and aesthetics (defined in Table 4.1), which 

shape route characteristics in a neighbourhood (Cain et al., 2014; Sallis et al., 

2011). Most previous studies on walking have focused on macro built 

environment attributes (Frank et al., 2010; Lotfi and Koohsari, 2011; Owen et 

al., 2007; Gebel et al., 2009), however, examining micro built environment 

attributes may also be useful (Cain et al., 2014). Micro built environment 

attributes can be modified at lower cost and more rapidly than macro built 

environment attributes (Cain et al., 2014; Sallis et al., 2011; Sallis et al., 

2015). Evidence indicates that neighbourhood safety, pedestrian infrastructure 

and aesthetics are important for supporting and encouraging outdoor walking 

(Saelens and Handy, 2008; Loukaitou-Sideris, 2006; Ball et al., 2001; Hess et 

al., 1999; Lee and Moudon, 2008) because pedestrians move slowly in outdoor 

spaces thus affording the ability to notice route characteristics (Frank and 

Engelke, 2001). These built environment attributes seem especially important 

for older adults′ outdoor walking (Cunningham and Michael, 2004; Michael et 

al., 2006b; Kerr et al., 2012; Lockett et al., 2005). Unfavourable 

neighbourhood safety, poor pedestrian infrastructure and unattractive 

aesthetics could blunt or negate the positive influences of macro built 

environment attributes on outdoor walking (Talen and Koschinsky, 2013; Sallis 
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et al., 2011). For example, older adults may avoid walking to available 

attractive destinations located in walking distances due to high risk of accident 

(Michael et al., 2006b). Evidence has shown that for older adults′ outdoor 

walking, maximising the neighbourhood aesthetics or quality of pedestrian 

infrastructure is more important than minimizing the distance to a destination 

(Michael et al., 2006b). 

Table 4.1: Definitions of neighbourhood safety, pedestrian infrastructure and aesthetics. 

Neighbourhood built 

environment attribute 
Definition 

Safety 

Refers to the relative absence of threat from crime to residents of 

a neighbourhood. A safe neighbourhood offers less fear of crime 

by providing built environmental elements (e.g., street lights or 

windows in ground floor of buildings) and lower crime rate 

(Alfonzo, 2005). 

Pedestrian infrastructure 

Refers to the traffic and pavement conditions (e.g., traffic calming 

elements and pavement maintenance) and amenities (e.g., 

benches) that facilitate walking in a neighbourhood. A good 

pedestrian infrastructure make walking comfortable by reducing 

traffic hazards and risks of falling, providing amenities (Alfonzo, 

2005) and decreasing ambient stressors (e.g., noise). 

Aesthetics 

Refers to a sense of beauty and visual appearance of a 

neighbourhood. An aesthetically pleasurable neighbourhood 

invites residents to walk by offering an enjoyable area for walking 

and providing built and natural attractiveness (e.g., presence of 

attractive architecture and trees) (Alfonzo, 2005). 

Accordingly, findings on lower level of older adults′ outdoor walking in high- 

versus low-deprivation areas raises some questions related to the 

neighbourhood built environment: do older residents of high-deprivation areas 

have a less supportive neighbourhood built environment for outdoor walking 

compared to those living in low-deprivation areas? How do neighbourhood 

safety, pedestrian infrastructure and aesthetics influence older residents′ 

outdoor walking levels in low- and high-deprivation areas? These questions are 

crucial for urban planning, since this discipline aims to provide a built 

environment that encourages and supports all citizens′ outdoor walking 

(Barton and Tsourou, 2000; Southworth, 2005). From an urban planning 

perspective, these questions are put in the context of “spatial inequality”. Using 

the UN-Habitat report (UN-Habitat, 2008), spatial inequality (on a city scale) 

is defined as the uneven provision of urban opportunities and resources among 

different urban areas (e.g., slum and non-slum areas). Answering these 

questions helps urban planners to identify spatial inequalities in built 

environment support for older adults′ outdoor walking and to pinpoint 

shortcomings in high-deprivation areas. 

To answer the questions outlined above, neighbourhood safety, pedestrian 

infrastructure, and aesthetics can be measured either objectively or 
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subjectively. Although built environment attributes can be measured 

objectively, they may not correspond to an individual′s own assessment of the 

built environment (Weden et al., 2008). Bowling and Stafford (2007) have 

found that objective and subjective measures of neighbourhood capture 

different environmental attributes which are independently related to physical 

and social functioning in older adults. Theories of behaviour change commonly 

employed in physical activity promotion suggest that subjectively measured 

(or perceived) built environment attributes may be more closely related to 

health behaviour than objectively measured built environment attributes (Lee 

and Moudon, 2004; Weden et al., 2008). The advantage of subjectively 

measured (or perceived) built environment attributes is that they reflect 

personal assessment of the built environment (Sugiyama and Thompson, 

2007). It is known that older adults are more sensitive to the built environment 

than younger adults (Forsyth et al., 2009). Physical changes associated with 

the aging process may reduce older adults′ confidence or ability to handle their 

interactions with the built environment (Weiss et al., 2010). Therefore, for 

older adults, the same built environmental constraint (e.g., uneven pavement) 

may be assessed more challenging than for younger adults (Nathan et al., 

2014). Thus, examining subjectively measured (or perceived) neighbourhood 

built environment attributes is important in studies on older adults′ walking. 

Previous research has examined associations between perceived 

neighbourhood safety, pedestrian infrastructure and aesthetics, and outdoor 

walking level, but they have reported mixed results (Cunningham and Michael, 

2004). Some previous research on physical activity has also shown inequalities 

in perceived neighbourhood safety, pedestrian infrastructure or aesthetics in 

high- versus low-deprivation areas (Sugiyama et al., 2015; Jones et al., 2009). 

However, the influences of these spatial inequalities on older residents’ total 

outdoor walking levels have received less attention. Grant et al. (2010) have 

considered inequalities in walking conditions among older adults living in low- 

and high-deprivation areas without examining older adults′ total outdoor 

walking levels. 

This study aims to examine inequalities in perceived neighbourhood safety, 

pedestrian infrastructure and aesthetics in high- versus low-deprivation areas 

and their possible influences on disparities in older residents’ total outdoor 

walking levels. For this purpose, it uses a mixed-method approach and 

addresses two research questions:  

 How (un)equal are perceived neighbourhood safety, pedestrian 

infrastructure and aesthetics in high- versus low-deprivation areas?  

 What are the relationships between perceived neighbourhood safety, 

pedestrian infrastructure, aesthetics, and older residents′ outdoor walking 

levels? 
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These research questions are addressed quantitatively combined with a 

qualitative examination of the perceived influences of neighbourhood safety, 

pedestrian infrastructure and aesthetics on older residents′ outdoor walking 

levels in low- and high-deprivation areas. This study controls for older 

residents′ personal characteristics16 (e.g., age, gender, marital status and 

ethnicity) because evidence shows that people′s personal characteristics affect 

their walking levels (Chad et al., 2005; Fishman et al., 2015; Saito et al., 

2013). 

4.2 Methods 

This empirical study was conducted from July to November 2012 in 

Birmingham—a large, ethnically diverse city with more than one million 

residents in England (Birmingham City Council, 2014a). The authors adopted 

a concurrent mixed-method design (Creswell et al., 2003). This research 

design helped to enrich the quantitative study (on “perceived neighbourhood 

built environment attributes and outdoor walking levels”) with qualitative 

information (on “how perceived neighbourhood built environment attributes 

may, in the view of older residents, influence outdoor walking levels”). 

Therefore, qualitative results were used to support and interpret the 

quantitative results. This study used Geographic Positioning System (GPS) 

technology to collect data on outdoor walking levels and used a paper 

questionnaire (containing closed and open-ended questions) and conducted 

walking interviews to collect data on perceived neighbourhood built 

environment attributes. Detailed information on data collection is presented in 

Sections 4.2.3 and 4.2.4. This study received ethical approval from University 

of Birmingham’s Humanities and Social Sciences (HASS) Ethical Review 

Committee on 10th August 2012. The approval code is ERN_12-0874. All 

participants signed a consent form before participating in the study.  

4.2.1 Selection of low- and high-deprivation areas 

Low- and high-deprivation areas were identified on an electoral ward scale. For 

this purpose, the Index of Multiple Deprivation (IMD)—an aggregated score of 

deprivation across England (Fox et al., 2011; McLennan et al., 2011)—was 

used. The IMD is published at Lower Layer Super Output Areas (LSOAs)  level: 

the geographic areas that share similar populations of around 1500 persons 

(Payne, 2012; McLennan et al., 2011). LSOAs of Birmingham were classified 

by using the IMD to identify the 20% most deprived and 20% least deprived 

LSOAs in the city, which were then used to classify the city′s wards. A ward 

was identified as a relatively low- (or high-) deprivation area of city, if more 

                                           
16 - In this chapter ‘personal characteristics’ refers to all factors at individual level, including 
individual deprivation, sociodemographic status, and health status (see section 1.5). 
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than 50% of its area was covered by the least (or most) deprived LSOAs. In 

this way, four low-deprivation and four high-deprivation wards were identified 

in Birmingham (Figure 4.1). These wards were used for participant 

recruitment. 

 

Figure 4.1: Locations of low- and high-deprivation areas in Birmingham. (OS open data 

Boundary-line © Crown copyright/database right 2012 and OS MasterMap data © Crown 

Copyright/database right 2012. An Ordnance Survey/EDINA Digimap supplied service). 

4.2.2 Participant recruitment 

A convenience sampling approach was used to recruit participants from all 8 

selected wards. Participants were recruited from social centres (e.g., 

community centres, University of the Third Age, libraries, etc.) in low- and 

high-deprivation areas. Using a convenience sampling approach is often the 

norm in health behaviour research on older adults (Newsom et al., 2004). Older 

adults were informed about the process of participation by posting 

advertisements and arranging information sessions in social centres. A 

translator explained the research to older adults who did not speak English. 

Older adults (65 years and upward), resident of a low- or high-deprivation 

area, able to walk, independent in their daily life activities, and mentally 

healthy were eligible to participate in this research. Ability to speak English 
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was not an eligibility criterion. A translator or an assistant helped participants 

(n = 58) who did not speak English or needed assistance in completing the 

questionnaire. Participants were screened for their ethnicity: to achieve 

minimum difference with ethnic composition in the total population of the 

selected wards, we used quota sampling and the proportions of different 

ethnicities identified in the last available census (2001) were mirrored in the 

sample. 

In total, 216 participants received GPS tracking units. Participants (n = 43) 

who did not (or forgot to) use the GPS tracking unit were excluded and the 

final sample included 173 participants (93 and 80 participants from low- and 

high-deprivation areas, respectively). 

A sub-sample (nine participants from low-deprivation areas and 10 participants 

from high-deprivation areas, limited by time and cost considerations) was 

drawn from the main sample. The participants were recruited from different 

parts of low- and high-deprivation areas and depending on participants′ 

willingness and availability for participating in walking interviews. All 

participants spoke English. To achieve maximum similarity with the total 

sample, the researchers considered ethnic differences between low- and high-

deprivation areas and used quota sampling for recruiting of participants for the 

sub-sample. 

4.2.3 Measuring outdoor walking level with a GPS tracker 

Following suggestions from previous studies (Duncan and Mummery, 2007; Le 

Faucheur et al., 2007; Le Faucheur et al., 2008; Taylor et al., 2010; Gordon 

et al., 2015), GPS technology was used for measuring outdoor walking level 

objectively. In this way, data on date, time and location (x, y) of 173 

participants′ outdoor walking were collected. This technology provides accurate 

data on time and location (e.g., parks and streets) of outdoor walking (Shoval 

et al., 2010; Gordon et al., 2015) without the recall bias issues related to 

diaries (Boruff et al., 2012). 

A GPS tracking unit (i-gotU GT-600 GPS data-loggerMobile Action Technology 

Inc., New Taipei City, Taiwan), which had been used in previous research (Ben-

Pazi et al., 2013; Naito et al., 2014), was used in this study. This device is 

adequate to use with older adults, since it is small, portable, lightweight, 

equipped with motion detector and needs minimum involvement of the 

participant (Vazquez-Prokopec et al., 2009). The reliability and spatial 

accuracy of this device is good in urban areas (Vazquez-Prokopec et al., 2009). 

The tracking units were set on motion detector mode and 2-second recording 

interval. They were given to participants from low- and high-deprivation areas. 

Participants agreed to use the unit when they went out of their homes. They 
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received oral and written instructions and were trained on how to wear the unit 

(on their wrists) and how to use it. Participants used the device for a period of 

3 to 8 days (Mean = 4.95, SD = 1.61), depending on their willingness and 

availability. Each tracking unit was collected one day after the lending period 

and a questionnaire completed about its use. For example, each participant 

was asked if he/she used the unit; and how many days he/she forgot to use 

the unit. We excluded those who did not use/forgot to use the device. 

GPS data provided by each participant were imported into a Geographic 

Information System (GIS) ArcGIS 10.3.1. (ESRI, Redlands, CA, USA). The 

recorded tracks were overlain with the road network and building footprints. 

For each participant, a ‘home-based neighbourhood’—a 2-km Euclidean buffer 

around the participant′s home, which is known as the most commonly used 

area for outdoor walking (Suminski et al., 2014)—was defined. The 

participant′s outdoor walking—started from any point and ended in any point 

(e.g., walking from home to a park, walking around a block, walking from a 

car park/bus stop to a supermarket, walking in a park)—that took place within 

this area were taken into account (focusing on the ’home-based 

neighbourhood’ did not have considerable effects on recorded outdoor walking 

levels, see Appendix Table 2). To measure outdoor walking level for each 

participant, first, daily outdoor walking activities were identified by using data 

on date and by applying criteria (on identifying walking trips using GPS data) 

suggested by Cho et al. (2011). Then, durations of all daily outdoor walking 

activities were calculated by using data on time. Finally, (average) outdoor 

walking level (minutes per day) was calculated this way: (sum of duration of 

all daily outdoor walking activities) / (number of days that participant was 

loaned the GPS device). 

4.2.4 Measuring perceived neighbourhood built environment 

attributes 

Two methods of data collection were used to measure how participants 

perceived neighbourhood built environment attributes: a questionnaire and a 

walking interview. 

Questionnaire 

The Neighbourhood Environment Walkability Scale (NEWS)17—a questionnaire 

developed by Saelens et al. (2003a)—was the basis for measuring perceived 

neighbourhood safety, pedestrian infrastructure and aesthetics. Some of the 

terminology was modified to be applicable for the UK participants (e.g., using 

“pavement” instead of “sidewalk”). Other elements of the questionnaire were 

modified to be applicable for older adults (e.g., adding items about width of 

                                           
17 - Available at: http://sallis.ucsd.edu/Documents/Measures_documents/NEWS_sample.pdf 

http://sallis.ucsd.edu/Documents/Measures_documents/NEWS_sample.pdf
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pavements (Burton and Mitchell, 2006) and well-maintained front gardens 

(Michael et al., 2006b)). According to definitions of neighbourhood built 

environment attributes (Table 4.1), different aspects of neighbourhood 

pedestrian infrastructure (e.g., traffic condition, pavement condition and 

amenities) were addressed. Therefore, five subscales (17 items) related to 

neighbourhood pedestrian infrastructure were included in the questionnaire 

(Table 4.2). Two subscales related to neighbourhood pedestrian infrastructure 

(i.e., presence of amenities and quietness) which were identified in literature 

on older adults′ walking (Lockett et al., 2005; Burton and Mitchell, 2006), were 

added to the questionnaire. Quietness and air quality were included as single-

item subscales related to pedestrian infrastructure, because they concern 

ambient stressors and are not subsumed under themes of other subscales 

(Table 4.2). Similar to the NEWS, one subscale (six items) related to 

neighbourhood safety and one subscale (6 items) related to neighbourhood 

aesthetics were included in the questionnaire (Table 4.2). All in all, seven 

subscales were included in the questionnaire (Table 4.2). The reliability testing 

showed acceptable internal consistency, Cronbach′s α > 0.65 (Sim and Wright, 

2000), of each subscale (Table 4.2). NEWS questions which were irrelevant to 

safety, pedestrian infrastructure, aesthetics and walking were removed from 

the questionnaire. One NEWS item (i.e., “trees give shade for the sidewalks in 

my neighbourhood”) was removed due to missing data and two NEWS items 

(i.e., “pavements are separated from the road/traffic in my neighbourhood by 

parked cars”; and “there is a grass/dirt strip that separates the streets from 

the pavements in my neighbourhood”) were removed in order to improve 

internal consistency of a subscale (i.e., pavement condition). 

All items were rated on the 6-point Likert-type scale (ranging from (1) strongly 

disagree to (6) strongly agree). Comparing to 4-point Likert-type scale 

(Preston and Colman, 2000), which was used in original version of the NEWS, 

a 6-point Likert-type scale allows the use of parametric statistics for analyses 

(Carifio and Perla, 2007) and also offers higher discriminating power, reliability 

and validity of scores (Preston and Colman, 2000). All participants (n = 173) 

answered these closed questions during the GPS lending period and provided 

quantitative data on perceived neighbourhood safety, pedestrian infrastructure 

and aesthetics. 

The subscales were scored according to the scoring protocol for the NEWS 

(Saelens et al., 2003a); the total score of each subscale was the mean across 

the items of the subscale. Reverse coding was used where necessary; higher 

scores indicated a more favourable perception of neighbourhood safety, 

pedestrian infrastructure and aesthetics. Table 4.2 shows items, and total 

score of each subscale of the questionnaire. 
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Table 4.2. Description of subscales of the questionnaire 

Subscale N Content Description 
Cronbach 

Alpha (α) 
M (SD)a 

Safety  6 

My neighbourhood streets are well lit/ Pedestrian 

can be easily seen by people in their homes/ I see 

and speak to other people when I walk in my 

neighbourhood/ there is a high crime rate/ the 

crime rate makes it unsafe to walk during day/ 

the crime rate makes it unsafe to walk in the 
evening. 

0.73 
4.39 

(0.74) 

Traffic 

condition 
7 

There is so much traffic along the street I live in/ 
there is high speed of traffic on the street I live/ 

there is so much traffic along the nearby streets/ 

the speed of traffic is slow on the nearby streets/ 

drivers exceed the speed limit in neighbourhood/ 

there are crosswalks and pedestrian signals to 

help walkers/ crosswalks help to feel safe 

crossing busy streets. 

0.71 
3.62 

(0.80) 

Pavement 

condition 
5 

There are pavements on most streets/ pavements 

are well-maintained/ pavements are wide 

enough/ clutters (e.g., poles, bollards, etc.) in 

pavements make walking difficult/ vehicle park 
on pavement, leaving too little space for walking. 

0.65 
4.07 

(0.77) 

Presence 

of 

amenities 

3 

There are shelters (e.g., bus stop) protecting me 
from rain and wind/ there are adequate public 

seating or benches and I can rest whenever I feel 

tired/ there are adequate public toilets and I can 

easily use them. 

0.72 
2.64 

(1.05) 

Quietness 1 My neighbourhood is quiet and noiseless. --- 
3.73 

(1.43) 

Air quality 1 There are a lot of exhaust fumes. --- 
3.18 

(1.23) 

Aesthetics 6 

There are trees along the streets/ there are many 

interesting things to look at/ my neighbourhood 

is free from litter/ there are many attractive 

natural sights/ well-maintained front gardens 

have created attractive streets/ there are 

attractive buildings in my neighbourhood. 

0.92 
3.48 

(1.31) 

Note: Five subscales (i.e., traffic condition, pavement condition, presence of amenities, quietness, 

and air quality) are related to neighbourhood pedestrian infrastructure. a Response score: (1) strongly 

disagree and (6) strongly agree, M = Mean of total scores; SD = Standard Deviation of total scores, 

N = Number of items.  

Six personal characteristics were included in this study: age (65–74 years old 

or 75 years old and over); gender; marital status (single or in relationship); 

ethnicity (black and minority ethnic (BME) groups—including Asian, Black or 

mixed ethnic heritage—versus white British (Roe et al., 2016)); educational 

attainment (sub-GCSE (General Certificates of Secondary Education or its 

equivalents) or GCSE and higher); and perceived health status over the last 

twelve months (poor or good). 

Missing data on each subscale and personal characteristic was less than 5% 

(except educational attainment with 11% missing data). 
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Open-ended survey questions: one open-ended question was added to each 

subscale of the NEWS questionnaire that was used for collecting quantitative 

data, for example asking “What are other issues related to safety in your 

neighbourhood? Please explain how the issues related to safety in your 

neighbourhood encourage or discourage you to walk outside your home.” All 

participants (n = 173) could answer these open-ended questions and explain 

their perceptions of their neighbourhoods in detail. They also could expand 

their responses to closed questions of the questionnaire and comment on 

related issues that were not mentioned in the questionnaire. Twenty-six 

participants from low-deprivation areas and twenty-six participants from high-

deprivation areas answered the open-ended questions and provided qualitative 

data on perceived neighbourhood built environment (Table 4.3). 

Table 4.3: Detail information about participants who provided qualitative data 

Participants’ characteristics 
Walking interview Open-ended questions 

Low High Total Low High Total 

Number of participants 9 10 19 26 26 52 

Age (n):       

75 years old and over 5 5 10 16 13 29 

65–74 years old 4 5 9 10 13 23 

Gender (n):       

Men 2 4 6 6 11 17 

Women 7 6 13 20 15 35 

Marital status (n):       

In relationship 6 5 11 15 11 26 

Single 3 5 8 11 15 26 

Ethnicity (n):       

White British 8 5 13 26 12 38 

BME groups 1 5 6 0 14 14 

Educational attainment (n):       

GCSE and higher  9 2 11 21 9 30 

Sub-GCSE 0 8 8 2 13 15 

Health status (n):       

Good 9 9 18 24 24 48 

Poor 0 1 1 2 2 4 

Note: Walking interview: participants who participated in walking interview, Open-ended 

questions = participants who completed open ended questions, Low = sample from low-

deprivation areas, High = sample from high-deprivation areas, Total = sample from both low- 

and high-deprivation areas, n = number. 

Walking interview 

Walking interview provides rich qualitative data on perceptions of 

neighbourhood built environment (Jones et al., 2008a; Evans and Jones, 

2011). Individual open-question walking interviews were conducted with 

participants from low- and high-deprivation areas (Table 4.3). Participants 

could speak English and were informed about the purpose of research. 

Participants were asked to select walking routes to take the interviewer around 
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their neighbourhoods and to show positive and negative aspects of their 

neighbourhoods for walking. Through walking interviews, participants were 

enabled to provide more meaning and detail on their perceptions of 

neighbourhood safety, pedestrian infrastructure and aesthetics. They were 

asked to explain how their neighbourhoods built environment supports, 

encourages or discourages them to take outdoor walks, providing detailed 

information about their preferences for taking outdoor walks and any 

challenges faced. They explained what makes outdoor walking dangerous, 

uncomfortable or enjoyable, where they do/do not walk and why, and they 

showed examples. The interviewer also asked follow-up questions about the 

issues mentioned by the participant. Depending on participants′ willingness, 

the interviews took between 30 to 60 minutes. A digital recorder and GPS 

tracking unit were used to record data. 

4.2.3 Data analysis 

Quantitative Analysis 

Participants′ personal characteristics were analysed by using descriptive 

statistics. The spatial distributions of data on outdoor walking levels were 

analysed by applying ArcGIS 10.3.1 (ESRI, Redlands, CA, USA), using Natural 

Breaks in the data sets and classifying data in three levels (e.g., poor, neither 

poor nor good, and good). 

Participants′ outdoor walking levels were compared between low- and high-

deprivation areas by using independent sample t-test. Likewise, perceived 

neighbourhood built environment attributes were compared by area 

deprivation. These analyses were undertaken after finding an insignificant 

difference (p = 0.94) between average GPS lending period (number of days) 

in low- and high-deprivation areas (see Appendix Table 3). 

To examine the relationships between perceived neighbourhood safety, 

pedestrian infrastructure and aesthetics, and outdoor walking levels, we used 

hierarchical linear regression analyses. Each perceived neighbourhood built 

environment attribute was examined individually. Each regression model was 

controlled for the interaction between perceived neighbourhood built 

environment attribute and area deprivation. When the interaction between the 

neighbourhood built environment attribute and area deprivation was related to 

outdoor walking levels, the analyses were undertaken for low- and high-

deprivation areas separately. All regression models were controlled for 

participants′ marital status and ethnicity , because in this study, only these 

two personal characteristics were significantly associated with outdoor walking 

levels (participants who were in relationships or white British took outdoor 

walks more than single or BME groups, see Appendix Table 4, Appendix Table 

5, Appendix Table 6 and Appendix Table 7). In all regression models, missing 

data were excluded listwise. Moreover, logarithmic transformation on all 
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variables were used to reduce heteroscedasticity. SPSS 22 (IBM, Armonk, NY, 

USA) was used for all statistical analysis and a p-value < 0.05 was considered 

as level of significance. 

Qualitative Analysis 

Qualitative analysis focused on examining the same micro built environment 

attributes (i.e., perceived safety, pedestrian infrastructure and aesthetics) 

measured with quantitative tools in order to triangulate and corroborate 

(Bryman, 2006) the quantitative finding. Therefore, a deductive approach was 

applied for the qualitative study. To ensure that important aspects of the 

qualitative data (the transcribed conversations of interviews and answers of 

open questions) were not missed, first, open coding was conducted (Gale et 

al., 2013). Then, following a thematic analysis approach (Bryman, 2016) three 

main themes (i.e., safety, pedestrian infrastructure and aesthetics) were 

defined. Afterwards, codes were linked to the themes. In this way, codes were 

categorised. To improve the reliability of analysis, the process was continued 

until data analysis reached saturation. The consistency of coding was 

rechecked by repeating the process (Zhang and Wildemut, 2009). All 

qualitative analyses were conducted using a computer Aided Qualitative Data 

Analysis (CAQDAS) software (ATLAS.ti Scientific Software Development GmbH, 

Berlin, Germany). 

4.3 Results 

4.3.1 Sample characteristics 

Sample characteristics are summarised in Table 4.4. This table shows that (in 

both total sample and total sub-sample) higher percentages of participants 

who were from BME groups or had low educational attainment (sub-GCSE) live 

in high-deprivation areas. Moreover, (in both total sample and total sub-

sample) over 90 percent of participants living in both low- and high-deprivation 

areas perceived good health status. 
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Table 4.4: Sample characteristics in low- and high-deprivation areas and in total 

Participants’ characteristics 
Total sample Total sub-sample 

Low High Total Low High Total 

Number of participants 93 80 173 35 36 71 

Average age of participants  

(M (SD)) 

74.8 

(5.82) 

73.5 

(5.95) 

74.2 

(5.90) 

75.46 

(6.09) 

73.00 

(6.33) 

74.2 

(6.29) 

Age (%):       

75 years old and over 53 43 48 60 50 55 

65-74 years old 47 57 52 40 50 45 

Gender (%):       

Men 30 59 43 23 42 32 

Women 70 41 57 77 58 68 

Marital status (%):       

In relationship 53 53 53 60 44 52 

Single 47 47 47 40 56 48 

Ethnicity (%):       

White British 97 41 71 97 47 72 

BME groups 3 59 29 3 53 28 

Educational attainment (%):       

GCSE and higher 80   24 54  86  31  58  

Sub-GCSE 10   64 35  6  58  32  

Health status (%):       

Good 93 92 92 94 92 94 

Poor 6 8 7 6 8 7 

Note. Total sample = the whole sample used for quantitative study, Total sub-sample = the whole 

sample used for qualitative study (both walking interview sample and sample who completed open-

ended questions in the questionnaire), Low = sample from low-deprivation areas, High = sample 

from high-deprivation areas, Total = sample from both low- and high-deprivation areas, M = Mean, 

SD = Standard Deviation. 

4.3.2 Disparities in participants′ outdoor walking levels 

Disparities in participants′ outdoor walking levels between low- and high-

deprivation areas are presented in Figure 4.2-A. This figure shows that high 

and medium outdoor walking levels are less prevalent in high-deprivation areas 

than in low-deprivation areas. The results of t-test also show that average 

outdoor walking level in high-deprivation areas is significantly lower than in 

low-deprivation areas (Figure 4.2-A). 

4.3.3 Spatial inequalities in perceived neighbourhood built 

environment attributes 

Figure 4.2 presents inequalities in perceived neighbourhood safety, pedestrian 

infrastructure and aesthetics in low- and high-deprivation areas. As this figure 

shows, distributions of perceived good neighbourhood safety (Figure 4.2-B) 

and good neighbourhood aesthetics (Figure 4.2-H) are higher in low-

deprivation areas than in high-deprivation areas. Similar trends were found for 

perceived neighbourhood pedestrian infrastructure (i.e., traffic condition 

(Figure 4.2-C), pavement condition (Figure 4.2-D), presence of amenities 

(Figure 4.2-E), quietness (Figure 4.2-F) and air quality (Figure 4.2-G)). The 
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results of the t-tests indicate that these differences are significant (Figure 4.2). 

Therefore, participants from high-deprivation areas perceived less safety, 

worse pedestrian infrastructure and lower aesthetic appeal in their 

neighbourhoods than those from low-deprivation areas. 
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4.3.4 Statistical relationships between perceived neighbourhood 

built environment attributes and outdoor walking levels 

Perceived neighbourhood safety, one aspect of pedestrian infrastructure (i.e., 

quietness) and aesthetics were significantly related to outdoor walking levels, 

before and after controlling for interactions between perceived neighbourhood 

built environment attributes and area deprivation (Table 4.5). Therefore, 

participants perceiving their neighbourhoods to be safer, quieter or more 

aesthetically pleasing are more likely to take longer outdoor walks. Perceived 

neighbourhood traffic condition, pavement condition, presence of amenities 

and air quality were not related to outdoor walking levels. 

Table 4.5: Results of hierarchical regression analyses: relationships between perceived 

neighbourhood built environment attributes and outdoor walking levels 

Perceived neighbourhood 

built environment attribute 

Outdoor walking levels 

Before controlling for 

interaction a 

After controlling for ` 

interaction a 

B (SE) B (SE) 

Safety 1.33 (0.48) ** 1.20 (0.49) * 

Traffic condition 0.48 (0.37) 0.37 (0.38) 

Pavement condition 0.06 (0.43) −0.10 (0.43) 

Presence of amenities 0.33 (0.23) 0.40 (0.23) 

Quietness 0.54 (0.17) ** 0.57 (0.18) ** 

Air Quality 0.16 (0.20) 0.28 (0.21) 

Aesthetics 0.55 (0.22) * 0.53 (0.23) * 

Note. Traffic condition, pavement condition, presence of amenities, quietness, and air quality are five 

aspects of perceived neighbourhood pedestrian infrastructure. Each perceived neighbourhood built 

environment attribute was examined individually. This table shows the results after controlling for 

personal characteristics (i.e., marital status and ethnicity). a Interaction between each perceived 

neighbourhood built environment attribute and area deprivation. B = Unstandardised Coefficient; SE 

= Standard Error. The values in bold type are significant. * p < 0.05, ** p < 0.01. 

The interactions between area deprivation and some aspects of perceived 

neighbourhood pedestrian infrastructure (i.e., pavement condition, presence 

of amenities and air quality) were significantly related to outdoor walking levels 

(See Appendix Table 8). However, these aspects of perceived neighbourhood 

pedestrian infrastructure (i.e., pavement condition, presence of amenities and 

air quality) were not related to outdoor walking levels in low- and high-

deprivation areas (Table 4.6). It means that relationships between perceived 

neighbourhood pavement condition, presence of amenities and air quality, and 

outdoor walking levels are similar in low- and high-deprivation areas and the 

results presented above (Table 4.5) are not moderated by area deprivation. 
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Table 4.6: Results of hierarchical regression analyses: relationships between three 

aspects of perceived neighbourhood  pedestrian infrastructure and outdoor walking levels 

in low- and high-deprivation areas 

Aspects of perceived 

neighbourhood pedestrian 

infrastructure 

Outdoor walking levels 

Low-deprivation areas High-deprivation areas 

B (SE) B (SE) 

Pavement condition −0.69 (0.71) −0.16 (0.63) 

Presence of amenities 0.58 (0.30) −0.43 (0.42) 

Air quality 0.15 (0.29) −0.08 (0.31) 

Note. This table shows the results after controlling for personal characteristics (i.e., marital status 

and ethnicity). B = Unstandardised Coefficient; SE = Standard Error. 

4.3.5 Qualitative results on perceived influences of neighbourhood 

built environment attributes on outdoor walking levels 

Qualitative results provide further evidence on the perceived neighbourhood 

safety, pedestrian infrastructure and aesthetics and show to what extent these 

attributes may influence participants′ outdoor walking levels by supporting, 

encouraging or discouraging participants to take outdoor walks. The results 

show that participants from high-deprivation areas perceived more built 

environment constraints, especially in terms of safety, one aspect of pedestrian 

infrastructure (i.e., quietness) and aesthetics, which discouraged them from 

taking walks outside their homes. In the following sub-sections, qualitative 

results are explained in detail. All quotes presented in the following sub-

sections are from walking interviews. 

Safety 

Participants from both low- and high-deprivation areas explained that they do 

not take outdoor walks if they do not feel safe outside home. Participants from 

high-deprivation areas discussed lack of safety, especially for women, in their 

neighbourhoods. They explained that the (perceived) presence of gangs and 

groups of hooligans dominating pavements and their anti-social behaviour, as 

well as a high crime rate, drug use and lack of street lights make their 

neighbourhoods intimidating, unsupportive and discouraging for outdoor 

walking. A participant from a high-deprivation area said: “gangs hang around 

outside and you walk around not without their prejudice. You are not one of 

them (…) they won′t let you to pass through! They will come right up to you 

when you want to move!”. Participants perceived places with poor visibility to 

be more unsafe: “You wouldn′t know if there is anybody there or not, you can′t 

see!” (a participant, high-deprivation areas). 

In contrast, participants from low-deprivation areas perceived safety in their 

neighbourhoods. One participant said: “I mean there is nothing to frighten 

anyone, there is no real crime in this area (New Oscott). You know, I mean 

there is no vandals around the streets. So, no frightening people”. Another 
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participant explained that street lights provide good visibility and safety for 

walking in neighbourhood: “They′ve worked on it (lighting) mathematically. So 

that anywhere you walk, you can have this clear space in front of you to walk. 

I think it′s very good”. 

In both low- and high-deprivation areas, presence of people in outdoor spaces 

and being watched or heard by other people were important for participants. 

Participants explained that they are concerned if they face an unexpected 

medical emergency (e.g., heart attack) when they are out and then need other 

people′s help. Moreover, being watched or heard was perceived as being 

important for safety from crime. One participant from a high-deprivation area 

said: “the point [of walking in a wide street] is that if anybody attacks to me, 

these houses are at far back, nobody can′t hear me”. 

Pedestrian infrastructure 

Traffic condition: participants from high-deprivation areas perceived more 

difficulties related to traffic conditions than those living in low-deprivation 

areas. In high-deprivation areas, perceived high traffic volume on busy roads 

(e.g., Coventry Road), high speed in quiet streets, lack of crossings (especially 

at close intervals), lack of traffic lights and presence of cars/lorries on 

pavements discouraged outdoor walking. Participants explained that to avoid 

traffic hazards, they take outdoor walks during quiet time of days or along 

quiet roads and they carefully cross the roads without using crossings. One 

participant said:  

“I confess I do go outside my house, but only in the quiet times. I look 

very carefully (for crossing the roads). I can say I stop half way, on 

the white lines you see in the middle of the road.”  

In low-deprivation areas, participants perceived ignoring speed limits and lack 

of traffic islands as main traffic hazards for outdoor walking. One participant 

noted: “It is easy (to cross the Mere Green Road) because you have good 

visibility both ways, but if cars are going sensibly!”. Some participants also 

reported about riding bicycles on pavements: “they haven’t run me over yet! 

But they might one day! Some bicycles don′t have bells. When they have bells 

you can hear them, but otherwise you can′t!” (a participant, low-deprivation 

areas). 

Pavement condition: poor pavement condition and fear of falling were 

perceived as difficulties for outdoor walking in both low- and high-deprivation 

areas. Participants from low-deprivation areas explained that perceived narrow 

pavements and disturbance from infrastructure repairs (e.g., uneven paving 

slabs or manholes even after repair) in pavements make outdoor walking 

problematic. These difficulties were also expressed by participants from high-
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deprivation areas. As participants explained, trees/bushes from adjacent 

gardens and thick hedges make pavements narrower in low-deprivation areas 

and putting goods outside shops (e.g., in Alum Rock Road) make pavements 

narrow in high-deprivation areas. Participants from both low- and high-

deprivation areas discussed problems caused by parked cars on pavements. 

Most participants, particularly in high-deprivation areas, also talked about 

perceived uneven pavements, broken slabs, presence of potholes, cracks and 

obstacles (e.g., knocked down bollards) in pavements. Participants carefully 

walked on these pavements: “when we walk up here, we have to be very 

careful! Broken and broken (pavements in Alum Rock Road)! This is disgusting! 

Broken pavements and slope! It would definitely mean you have to watch!” (a 

participant, high-deprivation areas). Participants said they choose even 

pavements for walking. They were concerned about falling on uneven 

pavements, being hurt and thus losing their confidence to walk outside. 

Moreover, a participant from a high-deprivation area noted that walking on an 

uneven pavement can exacerbate pain. She explained that uneven pavement 

disturbs the balance and if anybody suffers from foot problems and does not 

have right shoes, he/she will suffer from pain and will complain about the 

condition of pavement. As participants explained, walking on uneven 

pavements was perceived especially difficult when it is rainy and the 

pavements and potholes are flooded. 

Presence of amenities: most participants from high-deprivation areas—as well 

as some participants from low-deprivation areas—reported lack of benches and 

public toilets in their neighbourhoods. Participants said they use benches and 

toilets of shops, malls or supermarkets. They explained that if they want to 

take longer walks, they may need more benches and public toilets: “If I want 

to do more (walking), I would need more places where I can rest and more 

toilets” (a participant, high-deprivation areas). As participants explained, 

public toilets in high-deprivation areas had been closed due to safety issues 

(e.g., crime and vandals). Although there were self-contained public toilets 

(superloo) in both low- and high-deprivation areas (e.g., in Boldmere and 

Small Heath) participants ignored them or said they do not use them because 

they perceived them complicated or not user-friendly. One participant from a 

high-deprivation area explained that it is difficult for him to use self-contained 

public toilets because he has to put money in it and he is illiterate. Another 

participant from a high-deprivation area also noted: “It′s not really a public 

one. Well, it′s like a weird thing! I do not use it”. Participants from low- and 

high-deprivation areas perceived presence of shelters (e.g., bus stops) in their 

neighbourhoods. One participant noted, however, that when it is rainy, a 

shelter is not useful if the pavement under the shelter is flooded. 

Quietness: participants from both low- and high-deprivation areas explained 

that a quiet neighbourhood definitely encourages them to take outdoor walks. 
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Participants from low-deprivation areas were satisfied with quietness of their 

neighbourhoods: “I like to walk in quiet streets definitely! There is no doubt 

about that, and this is quiet” (a participant, low-deprivation areas). However, 

participants from high-deprivation areas discussed noise, especially from 

traffic, in their neighbourhoods. Annoyance about noise dissuaded participants 

from going out and taking outdoor walks. One participant commented: “This is 

the area that I don’t like to walk. As I told you, there is a lot of noise”. 

Air quality: a few participants from high-deprivation areas talked about low air 

quality of their neighbourhoods and explained that they prefer clean air for 

walking. A participant from a high-deprivation area pointed to different air 

qualities in different seasons: “You don′t see any smoke, but in the winter, 

you′ll see the smoke from the cars and from the lorries. But in the summer it 

is better. It’s bad in the winter.” Participants from low-deprivation areas, 

however, said good air quality of their neighbourhoods encouraged them to 

walk. One participant noted: “I like fresh air and exercise. This area, has a 

good air quality because of the (few) cars”. 

Aesthetics 

Participants discussed the importance of the neighbourhood aesthetics for 

outdoor walking. Participants from high-deprivation areas discussed lack of 

beauty in their neighbourhoods. They explained that dirty streets and alleys, 

lack of beautiful natural sights (e.g., greenery and trees), lack of attractive 

houses/buildings, lack of front gardens and presence of industrial sites made 

their neighbourhoods boring, uninteresting and unenjoyable places which do 

not motivate them to go out and discouraged them from taking outdoor walks. 

One participant commented:  

“It (my neighbourhood) is boring. These little industries are around. 

There is not many pretty gardens and places to look up regularly. You 

can see all industries over there! Mixtures of old and new are round 

here, just the manufactory and industry, and what we call “back to 

back houses!”  

Participants explained that improving their neighbourhoods’ aesthetics 

(especially cleanness and greenery) would encourage them to take more 

outdoor walks: “I will walk more if they (authorities) put some flowers and 

something like that. I will be quite happy with things like that” (a participant, 

high-deprivation areas). In contrast, participants from low-deprivation areas 

were proud of their neighbourhoods′ aesthetics. They explained that cleanness, 

presence of greenery, presence of nice natural landscape, well-maintained 

gardens and attractive buildings of their neighbourhoods provided beautiful 

and enjoyable areas and gave them lots of incentives for taking outdoor walks: 

“We’ve got lots of trees and bushes and (…) green grass verges, so it is (a 
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good place for walking)!” (a participant, low-deprivation areas). From these 

participants′ perspectives, the presence of large beautiful green spaces (e.g., 

Sutton Park and New Hall Valley) is one of the reasons why they have nice 

natural sights in their neighbourhoods. 

4.3.6 Combining quantitative and qualitative results 

Table 4.7 shows a combination of quantitative and qualitative results. 

Quantitative results show that perceived neighbourhood safety, one aspect of 

pedestrian infrastructure (i.e., quietness) and aesthetics are positively related 

to outdoor walking levels. Qualitative findings support these quantitative 

results, showing that from participants′ perspective, safe neighbourhoods, 

good neighbourhood pedestrian infrastructure and aesthetically pleasurable 

neighbourhoods encourage outdoor walking. Quantitative results also show 

spatial inequalities in perceived neighbourhood safety, pedestrian 

infrastructure (i.e., quietness) and aesthetics in high- versus low-deprivation 

areas. Qualitative results support these findings and extend them by showing 

poorer provision of safety, quietness and built and natural attractiveness in 

high- versus low-deprivation areas. Combining the quantitative and qualitative 

results indicates that inequalities in perceived neighbourhood safety, one 

aspect of pedestrian infrastructure (i.e., quietness) and aesthetics in high- 

versus low-deprivation areas may influence the disparities in participants′ 

outdoor walking levels. Inequalities were also found in other aspects of 

perceived neighbourhood pedestrian infrastructure (i.e., traffic condition, 

pavement condition, presence of amenities and air quality) in high- versus low-

deprivation areas. However, these inequalities do not influence the disparities 

in participants′ outdoor walking levels between these areas, because these 

aspects of perceived neighbourhood pedestrian infrastructure are not 

significantly related to participants′ outdoor walking levels. 



Micro built environment attributes & older adults’ outdoor walking levels 

 96 

Table 4.7: Combination of quantitative and qualitative results 

Neighbourhood 

built 
environment 

attribute 

Quantitative results Qualitative results 

Spatial 

inequalities 

Related to 

walking 

levels 

Perceived influences of neighbourhood built 

environment attributes on outdoor walking 

levels 

Safety High < Low Yes 

High: perceived intimidating neighbourhoods 

were unsupportive and discouraging for 

outdoor walking. 

Low: perceived safe neighbourhoods supported 

and encouraged participants to take outdoor 

walks. 

Traffic condition High < Low No 

High: perceived poor traffic conditions made 

outdoor walking uncomfortable. Participants 

took outdoor walk in quiet traffic time or in 
quiet roads and they carefully crossed the roads 

without using crossings. 

Low: perceived some poor traffic conditions 

made walking uncomfortable. 

Pavement 

condition 
High < Low No 

High and Low: perceived poor pavement 

conditions made walking uncomfortable. 

Participants chose even pavements for walking. 

Presence of 

amenities 
High < Low No 

High and Low: lack of benches and public toilets 

were perceived. Participants used benches and 

public toilets of shops, malls and supermarkets. 

Quietness High < Low Yes 

High: perceived noise, especially from traffic, in 

neighbourhood dissuaded participants to walk 

outside.  

Low: perceived quietness of neighbourhood 

definitely encouraged outdoor walking.  

Air quality High < Low No 

High: air quality was perceived poorer in winter. 

A clean air was preferred for outdoor walking. 

Low: perceived clean air encouraged outdoor 
walking. 

Aesthetics High < Low Yes 

High: perceived boring, uninteresting and 
unenjoyable neighbourhoods discouraged 

outdoor walking. 

Low: perceived beautiful and enjoyable 

neighbourhoods encouraged outdoor walking. 

Note. Traffic condition, pavement condition, Presence of amenities, Quietness and air quality are five 

aspects of neighbourhood pedestrian infrastructure. Low = low-deprivation areas; High = high-

deprivation areas. 

4.4 Discussion 

The aim of this study was to examine spatial inequalities in perceived 

neighbourhood safety, pedestrian infrastructure and aesthetics in high- versus 

low-deprivation areas and their possible influences on disparities in older 

residents′ total outdoor walking levels in Birmingham, UK. In line with previous 

studies (Fox et al., 2011), this study found that participants from high-

deprivation areas walk in outdoor spaces less than those from low-deprivation 

areas. This study showed that inequalities in perceived neighbourhood safety, 

one aspect of pedestrian infrastructure (i.e., quietness) and aesthetics in high- 

versus low-deprivation areas may influence disparities in participants′ total 

outdoor walking levels between these areas. The findings of this study are 

discussed in the following sub-sections. 
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4.4.1 Perceived neighbourhood safety, quietness and aesthetics 

Perceived neighbourhood safety, quietness (as an aspect of neighbourhood 

pedestrian infrastructure) and aesthetics were positively related to total 

outdoor walking levels. These findings support evidence indicating that older 

adults′ walking level is related to neighbourhood built environment (Li et al., 

2005a; Li et al., 2005b; Li et al., 2005c). They are also consistent with previous 

quantitative research showing positive relationships between perceived 

neighbourhood safety (Li et al., 2005b; Van Cauwenberg et al., 2012a) and 

aesthetics (Kamphuis et al., 2009), and walking levels among older adults. 

They also support previous qualitative research indicating that perceived 

neighbourhood safety, quietness and aesthetics encourage outdoor walking 

among older adults (Burton and Mitchell, 2006; Van Cauwenberg et al., 2012b; 

Gallagher et al., 2010; I'DGO, 2010). 

In this study, the relationships between outdoor walking levels and perceived 

neighbourhood safety, quietness (as an aspect of neighbourhood pedestrian 

infrastructure) and aesthetics were not moderated by area deprivation. It 

means that relationships between perceived neighbourhood safety, quietness 

and aesthetics, and outdoor walking levels are similar for low- and high-

deprivation areas. Qualitative results of this study also showed that perceived 

neighbourhood built environment attributes (i.e., safety, pedestrian 

infrastructure and aesthetics) were important for outdoor walking in both low- 

and high-deprivation areas. 

This study found spatial inequalities in perceived neighbourhood safety, 

quietness and aesthetics, which were related to outdoor walking levels, in high- 

versus low-deprivation areas. Identifying spatial inequalities in perceived 

neighbourhood safety was an expected result, since the crime domain has been 

included in the IMD score used for identifying low- and high-deprivation areas 

(McLennan et al., 2011). Findings on spatial inequalities in perceived 

neighbourhood safety and aesthetics are consistent with findings of previous 

research examining adults′ physical activity (van Lenthe et al., 2005; 

Sugiyama et al., 2015; Giles-Corti and Donovan, 2002) and older adults′ 

leisure time physical activity (Annear et al., 2009) in low- and high-deprivation 

areas. Qualitative findings of this study supported quantitative findings and 

showed that lack of safety, good pedestrian infrastructure (e.g., quietness) and 

aesthetics discourage outdoor walking in high-deprivation areas. 

4.4.2 Other aspects of perceived neighbourhood pedestrian 

infrastructure 

In this study, perceived traffic condition and pavement condition, as two 

aspects of neighbourhood pedestrian infrastructure, were not statistically 

related to outdoor walking levels. Perceived traffic condition, however, is 
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probably correlated with perceived quietness (which is related to outdoor 

walking levels): qualitative findings showed that traffic noise affects 

participants′ perceptions of quietness in their neighbourhood (correlations 

between perceived neighbourhood built environment attributes are examined 

in Chapter 5). The non-significant relationships between perceived traffic 

condition and pavement condition, and outdoor walking levels may be 

explained by health status in the sample. It is likely that the good health status 

of the majority of participants helped them to deal with perceived traffic and 

falling hazards in their neighbourhoods. Consistent with previous research 

(Lockett et al., 2005; Michael et al., 2006b), qualitative results showed that 

perceived traffic condition and pavement condition are important for outdoor 

walking. These results also showed that participants, from both low- and high-

deprivation areas, perceived unfavourable traffic and pavement conditions that 

made outdoor walking uncomfortable for them (Table 4.7), but participants 

had strategies to cope with and overcome these difficulties (e.g., they carefully 

crossed the roads without using crossings). It was also found that walking on 

uneven pavements is especially difficult for people who suffer from pain or 

people with severe mobility problems. Therefore, these two aspects of 

perceived neighbourhood pedestrian infrastructure (i.e., traffic condition and 

pavement condition) may be significantly related to outdoor walking levels 

among older adults with poorer health status. Future research may investigate 

this issue by using a more heterogeneous sample in terms of health status. 

Perceived presence of amenities and air quality were two other aspects of 

neighbourhood pedestrian infrastructure that were not statistically related to 

outdoor walking levels. These neighbourhood built environment attributes have 

been less addressed as subscales in previous quantitative studies on older 

adults′ walking. The non-significant relationships between perceived presence 

of amenities and air quality, and outdoor walking levels may be explained by 

qualitative findings. In terms of amenities, as qualitative results showed, 

participants from both low- and high-deprivation areas perceived lack of 

benches and public toilets in their neighbourhoods (Table 4.7), but they had 

other alternatives to use (e.g., benches and public toilets in malls). Therefore, 

lack of amenities in neighbourhood did not discourage participants from taking 

outdoor walks. Qualitative findings also showed that participants from both 

low- and high-deprivation areas had the same belief that fresh air encourages 

them to take outdoor walks (Table 4.7). However, participants perceived 

poorer air quality in winter. Since the air quality item of the questionnaire was 

not about a specific season, it is likely that participants took general air quality 

(in summer and winter) of their neighbourhoods into account when they filled 

the questionnaires. If this assumption holds true, perceived general air quality 

is not related to participants′ outdoor walking levels in a specific season (i.e., 

summer) when the study was conducted. Future studies may help to improve 

knowledge on this issue by including items on neighbourhood air quality in 
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different seasons in the questionnaire. Qualitative findings of this study confirm 

previous qualitative research showing that amenities (i.e., toilets and benches) 

facilitate (Lockett et al., 2005; Burton and Mitchell, 2006) and clean air 

encourages outdoor walking among older adults (Burton and Mitchell, 2006). 

4.4.3 Application of the findings 

The built environment may influence behaviour by influencing people′s 

perception (Bandura, 1986). As Lawton and Nahemow (1973) have argued, 

older adults′ behaviour (e.g., outdoor walking) is dependent on the adaptation 

between persons′ abilities and the built environment demands. Urban planners 

need to understand person-built environment interactions, because they intend 

to provide supportive built environment for older adults′ outdoor walking. 

Although perceived built environment may not reflect the actual built 

environment, it helps urban planners to identify the functional qualities of the 

actual built environment. Urban planners need to improve their knowledge on 

qualities of the built environment before modifying the actual built 

environment. Therefore, it may be useful to conduct surveys on influences of 

built environment attributes on outdoor walking levels before developing urban 

areas. 

The findings of this study on perceived neighbourhood built environment 

attributes may help urban planners to understand how the neighbourhood built 

environment they have planned interacts with residents. These findings are 

useful in recognising the gaps that exist between older adults′ abilities and 

neighbourhood built environment, helping professionals to coordinate remedial 

strategies and to create new built environmental opportunities to encourage 

participants to take more outdoor walks. 

This study also reflects the experience of older adults living in different 

circumstances. It warns policy makers not to enlarge the spatial inequalities 

by contriving interventions that support outdoor walking only in low-

deprivation areas (and not in high-deprivation areas). The findings of this study 

indicate that improving neighbourhood safety, quietness and aesthetics may 

encourage participants living in high-deprivation areas to take more outdoor 

walks. Considering correlations between these perceived neighbourhood built 

environment attributes may help to decide about interventions priorities. For 

example, if perceived neighbourhood safety and aesthetics are highly 

correlated, improving perceived aesthetics (e.g., fixing broken windows or 

cleaning streets) may also improve perceived neighbourhood safety 

(Loukaitou-Sideris, 2006). 

Perception of neighbourhood safety, quietness and aesthetics may be improved 

by modifying the actual built environment (e.g., improving perceived 

neighbourhood safety through installing street lights and providing more 
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windows overlooking the street (Cozens et al., 2005)) or without modifying the 

actual built environment (e.g., improving perceived neighbourhood safety 

through investing much greater police effort in neighbourhood (Zhao et al., 

2002)). Therefore, to improve the positive perceptions of neighbourhood 

safety, quietness and aesthetics, involving urban planning professionals as well 

as other professionals (e.g., from social sector, urban security sector, traffic 

management and maintenance) may be required. 

4.4.4 Limitations 

This study has some limitations. It is a cross-sectional study, so it does not 

make a causal inference. Moreover, it found inequalities in perceived 

neighbourhood built environment attributes, but it is unknown whether these 

inequalities reflect actual differences in the built environment between high- 

and low-deprivation areas. Examining actual neighbourhood built environment 

attributes in high- and low-deprivation areas is also important. Linking actual 

and perceived inequalities in neighbourhood built environment attributes may 

help to identify how to improve positive perception of neighbourhood safety, 

quietness and aesthetics in high-deprivation areas. Future studies may 

investigate actual inequalities in neighbourhood built environment attributes in 

high- versus low-deprivation areas by using objective data (e.g., on level of 

traffic noise and areas of green spaces). 

This study was done in a single UK city and used a convenience sample of older 

adults from social centres. These participants might not be representative of 

all older adults, especially those with poor health status, living in low- and 

high-deprivation areas. Notwithstanding these limitations, this study offers an 

insight into the spatial inequalities in low- and high-deprivation areas, which is 

applicable to more heterogeneous samples, other places and future studies. 

4.5 Conclusion 

This study improves knowledge on perceived attributes of the built 

environment encouraging citizens (i.e., older adults) to take outdoor walks. It 

also adds to the growing body of knowledge concerning the influences of spatial 

inequalities in the built environment (in high- versus low-deprivation areas) on 

physical activity levels. This study is among the first research on older adults′ 

total outdoor walking using a spatial inequality approach and GPS technology. 

It showed that spatial inequalities in perceived neighbourhood safety, one 

aspect of pedestrian infrastructure (i.e., quietness) and aesthetics in high- 

versus low-deprivation areas may influence the disparities in participants′ 

outdoor walking levels between these areas. Therefore, participants from high-

deprivation areas perceived less neighbourhood support for outdoor walking 

than those from low-deprivation areas. Improving living environment 

conditions leading to positive perception of neighbourhood safety, pedestrian 

infrastructure and aesthetics in high-deprivation areas is encouraged.



101 

 

Chapter 5 

Indirect relationships between neighbourhood 
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Abstract 

Neighbourhood built environment attributes (i.e., macro and micro built 

environment attributes) may influence older adults’ outdoor walking levels. 

Some neighbourhood built environment attributes may directly (or 

significantly) relate to older adults’ outdoor walking levels. It is likely that some 

other neighbourhood built environment attributes influence older adults’ 

outdoor walking levels indirectly, through their correlations with other 

neighbourhood built environment attributes. This chapter examines 

correlations within and between macro and perceived micro built environment 

attributes in order to better understand how to increase positive (or to 

decrease negative) influences of neighbourhood built environment attributes 

on older adults’ outdoor walking levels. It uses objective measures of macro 

built environment attributes (i.e., residential density, land-use mix and 

intensity, street connectivity, and retail density) and subjective measures of 

micro built environment attributes (i.e., safety, pedestrian infrastructure, and 

aesthetics). Statistical analyses (i.e. Pearson correlations) are used. The 

results show significant correlations between and within macro and micro built 

environment attributes. All macro built environment attributes (except specific 

land-use (i.e. green space and recreation centres) intensity) are negatively 

correlated with micro built environment attribute. Neighbourhood land-use mix 

is not related to micro built environment attributes. Findings of this study may 

help urban planners and policy makers in prioritising their interventions, 

reducing costs and accelerating implementations of actions on encouraging 

outdoor walking among older adults.  
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5.1. Introduction 

Interest in examining the relationships between the built environment and 

older adults’ outdoor walking levels is growing in public health and urban 

planning studies. Understanding the associations between the built 

environment and older adults’ outdoor walking levels is especially important 

for healthy urban planning, because this approach aims to create the built 

environment that encourages outdoor walking (as a type of physical activity) 

among all citizens, including older adults (Barton and Tsourou, 2000; WHO, 

2011). Therefore, it is necessary for urban planners to identify all (direct and 

indirect) relationships between the built environment and older adults’ outdoor 

walking levels.  

Although the influence of the built environment on walking has not been well 

recognised (van Cauwenderg et al., 2011; Lovasi et al., 2008), there is 

evidence showing relationships between neighbourhood built environment 

attributes and older adults’ outdoor walking levels (Li, 2012; Li et al., 2005b; 

Li et al., 2005c). Neighbourhood built environment attributes are categorised 

in two groups (Sallis et al., 2011; Cain et al., 2014): (1) macro built 

environment attributes that shape the overall design and structure of a 

neighbourhood (i.e., residential density, land-use mix and intensity, street 

connectivity, and retail density); and (2) micro built environment attributes 

that shape characteristics of routes in a neighbourhood (i.e., safety, pedestrian 

infrastructure and aesthetics).  

Most previous studies have examined direct relationships between 

neighbourhood built environment attributes and older adults’ outdoor walking 

levels. Chapter 3 and Chapter 4 of this thesis have shown that neighbourhood 

land-use (i.e., green space and recreation centres) intensity—as macro built 

environment attributes—and neighbourhood safety, pedestrian infrastructure 

(i.e., quietness), and aesthetics—as micro built environment attributes—are 

positively related to older adults’ outdoor walking levels in low- and high-

deprivation areas. Moreover, neighbourhood land-use (i.e., schools and 

industries) intensity and street connectivity—as macro built environment 

attributes—are negatively related to older adults’ outdoor walking levels in low- 

and high-deprivation areas. Similarly, other studies (Wang and Lee, 2010; Li 

et al., 2005c; Gomez et al., 2010) have focused on significant relationships 

between neighbourhood built environment attributes (e.g., safety and street 

connectivity) and older adults’ walking levels.  

However, it is likely that neighbourhood built environment attributes also 

influence each other mutually. It has been qualitatively found that 

neighbourhoods residential density may affect amount of green space in 
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neighbourhoods (Chapter 3). High traffic noise may decrease neighbourhood 

quietness (Chapter 4). Presence of litters and broken windows (lowe aesthetic 

appeal) may lead to perceived unsafety (Loukaitou-Sideris, 2006). These 

findings indicate possible correlations within macro (e.g., residential density 

and green space) and micro (e.g., traffic condition and quietness) built 

environment attributes. Similarly, possible correlations may exist between 

macro and micro built environment attributes: presence of green space may 

offer beautiful views (Zhou and Parves Rana, 2012) and presence of industries 

may provide boring sceneries in neighbourhoods (Chapter 4). Presence of 

some land-uses, such as schools, in a neighbourhood may generate traffic 

hazards (Chapter 3). Similarly, neighbourhood street connectivity (presence of 

junctions) may affect perceived traffic condition (Gomez et al., 2010) or level 

of traffic noise (Quartieri et al., 2010). Such possible correlations between 

neighbourhood built environment attributes may create indirect relationships 

between neighbourhood built environment attributes and older adults’ outdoor 

walking levels. It means that some neighbourhood built environment attributes 

may be related to outdoor walking levels due to their correlations with other 

neighbourhood built environment attributes. 

Examining correlations within and between macro and micro built environment 

attributes may be helpful in planning interventions for encouraging outdoor 

walking. It may aid to identify indirect relationship between neighbourhood 

built environment attributes and older adults’ outdoor walking levels. 

Accordingly, urban planners may better understand how to modify the built 

environment in order to increase (or decrease) positive (or negative) influences 

of neighbourhood built environment attributes on older adults’ outdoor walking 

levels.  

Previous research on walking have addressed correlations within macro built 

environment attributes (Frank et al., 2005; Frank, 2000). However, 

correlations within micro built environment attributes have been rarely 

examined in previous studies on outdoor walking. Past research on outdoor 

walking (or physical activity) have often included perceived micro built 

environment attributes (Cunningham and Michael, 2004). It is important to 

examine correlations within perceived micro built environment attributes, 

because people’s perceptions of their environment may differ due to their 

personal characteristics, such as age. Therefore, correlations within micro built 

environment attributes may differ for different people (e.g., older adults). 

Although some studies on outdoor walking (Shigematsu et al., 2009; Sugiyama 

et al., 2015) have included both macro and perceived micro built environment 

attributes, they have rarely examined the correlations within and between 

macro and micro built environment attributes. Some studies on outdoor 

walking (Nathan et al., 2014; Gomez et al., 2010) have tested the correlations 

between neighbourhood built environment attributes as a pre-requisite test for 
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analyses (e.g., using multiple regressions), but they have not reported the 

results on correlations between all neighbourhood built environment attributes 

involved in the study.  

This study aims to examine correlations within and between macro and 

perceived micro built environment attributes in order to better understand how 

to increase positive (or to decrease negative) influences of neighbourhood built 

environment attributes on older adults’ outdoor walking levels. Accordingly, 

this study answers the following research question: 

 What are the correlations within and between macro and perceived micro 

built environment attributes?  

5.2 Method 

For this quantitative study, we employed data from Chapter 3 and Chapter 4. 

Macro built environment attributes were measured objectively, by using a 

Geographic Information System (GIS) (Chapter 3) and micro built environment 

attributes were measured subjectively, by using a questionnaire (Chapter 4). 

Detailed information on sample recruitment, data collection and measurements 

process has been provided in Chapter 3 and Chapter 4. This section provides  

a summary on data used in this chapter. 

Data were collected from Birmingham, United Kingdom, in 2012. By adopting 

a convenience sampling approach, participants were recruited from social 

centres (e.g., community centres, University of the Third Age, libraries, etc.). 

All participants were 65 years old or over; living in low- or high-deprivation 

areas of the city; able to walk; independent in daily life activities; and mentally 

healthy. Speaking language was not an eligibility criterion. The final sample 

included 173 participants. The characteristics of final sample are presented in 

Table 5.1. 



Indirect relationships with older adults’ outdoor walking levels 

 106 

Table 5.1: Sample characteristics 

Participants’ characteristics 
Total sample 

Low High Total 

Number of participants 93 80 173 

Age (%):    

75 years old and over 53 43 48 

65-74 years old 47 57 52 

Gender (%):    

Men 30 59 43 

Women 70 41 57 

Marital status (%):    

In relationship 53 53 53 

Single 47 47 47 

Ethnicity (%):    

White British 97 41 71 

BME groups 3 59 29 

Educational attainment (%):    

GCSE and higher 80   24 54  

Sub-GCSE 10   64 35  

Health status (%):    

Good 93 92 92 

Poor 6 8 7 

Note. Data from (Chapter 4). Low = sample from low-deprivation areas, High = sample from high-

deprivation areas, Total = sample from both low- and high-deprivation areas, BME = black and 

minority ethnic groups, and GCSE = General Certificates of Secondary Education or its equivalents. 

5.2.1 Data on neighbourhood built environment attributes 

Objective measures of macro built environment attributes 

A Geographic Information System (GIS)—ArcGIS 10. 4 (ESRI, Redlands, CA, 

USA)—was used to objectively measure macro built environment attributes 

(i.e., neighbourhood residential density, land-use-mix and intensity, street 

connectivity, and retail density). These neighbourhood built environment 

attributes were measured within a home-based neighbourhood (a 2-km 

Euclidean buffer) around each participants’ home (Chapter 3). Data used for 

measuring each macro built environment attribute is presented in Table 5.2. 

Table 5.2: Data used for measuring macro built environment attributes 

Macro built 

environment 

attribute 

Data (data source) 

Residential density 

Data used for neighbourhood land-use mix and intensity; Number of 

household spaces (the UK census 2001); LSOAs boundary-line 

(Digimap/EDINA) a 

Land-use mix and 

intensity and retail 

density 

OS Points of Interest (PoI) 2016; OS MasterMap 2016: Topography 

layer (Digimap/EDINA) a 

Street connectivity 
OS MasterMap 2016: Integrated Transport Network (ITN) layer and 

Urban Path Theme (UP)) layer (Digimap/EDINA) a 

 Note. Data on neighbourhood land-use mix and intensity was also used for identifying residential 

land-use and measuring residential density. aDigimap/EDINA is the national data centre for UK 

academics. OS = Ordnance Survey.  
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Subjective measures of micro built environment attributes 

A self-administered questionnaire was used to subjectively measure micro built 

environment attributes (i.e., neighbourhood safety, pedestrian infrastructure 

and aesthetics). The questionnaire was developed based on the Neighbourhood 

Environment Walkability Scale (NEWS) (Saelens et al., 2003a) and was 

modified to be applicable for UK older adults. It contained 29 items and each 

item was rated on the 6-point Likert-type scale. NEWS items irrelevant to 

safety, pedestrian infrastructure, aesthetics and walking were removed from 

the questionnaire. Therefore, seven subscales (i.e., safety, five aspects of 

pedestrian infrastructure (i.e., traffic condition, pavement condition, presence 

of amenities (e.g., benches and public toilets), quietness, and air quality), and 

aesthetics) were included in the questionnaire. The scoring protocol for the 

NEWS (Saelens et al., 2003a) was used to score the subscales: higher scores 

meant a more favourable perception of neighbourhood safety, pedestrian 

infrastructure and aesthetics. 

5.2.2 Data analysis 

Pearson correlations within and between macro and micro built environment 

attributes were statistically calculated by using SPSS Statistics 24 (IBM, 

Armonk, NY, USA). For this purpose, the logarithmic transformation of data 

(x+1) was used in order to improve normality in data. A p-value<0.05 was 

considered statistically significant. 

The strength of Pearson correlations were classified in four categories: high 

correlation (correlation coefficient between ±0.70 to ±1.00 and p-

value<0.05); fair correlation (correlation coefficient between ±0.40 to ±0.70 

and p-value<0.05); weak correlation (correlation coefficient between ±0.00 to 

±0.40 and p-value<0.05); and insignificant correlation (correlation coefficient 

between ±0.00 to ±1.00 and p-value≥0.05). Descriptive statistics were used 

to compare strength of correlations within and between macro and micro built 

environment attributes. 

5.3 Results 

Table 5.3 represent strength of correlations within and between macro and 

perceived micro built environment attributes. These correlations are presented 

in Table 5.4, Table 5.5 and Table 5.6. In total 153 correlations (including 55 

correlations within macro built environment attributes, 21 correlations within 

perceived micro built environment attributes, and 77 correlations between 

macro and perceived micro built environment attributes) were examined (Table 

5.3). As Table 5.3 shows, most high correlations were found within macro built 

environment attributes. There is no high correlations within perceived micro 

built environment attributes. Most correlations within perceived micro built 

environment attributes are fair correlations. Almost half of correlations 
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between macro and perceived micro built environment attributes are weak 

correlations. Nevertheless, there are some high and fair correlations between 

macro and perceived micro built environment attributes. Detail results on 

correlations within macro built environment attributes, within perceived micro 

built environment attributes, and between macro and perceived micro built 

environment attributes are presented in the following sub-sections. 

Table 5.3: Correlations strength within and between macro and perceived micro built 

environment attributes 

Correlations Within macro Within mirco 

Between 

macro and 

micro 

Total 

correlations 

Number of correlations (n) 55 21 77 153 

High correlation (%) 38 0 7 17 

Fair correlation (%) 35 67 27 35 

Weak correlation (%) 20 29 48 35 

Insignificant correlation (%) 7 4 18 12 

Note. Macro = macro built environment attributes, micro = perceived micro built environment 

attributes. 

5.3.1 Correlations within macro built environment attributes 

Table 5.4 shows correlations within macro built environment attributes. 

Excluding neighbourhood green space and recreation centres intensities, 

macro built environment attributes are positively correlated with each other 

(Table 5.4). Neighbourhood green space and recreation centres intensities are 

positively and fairly correlated with each other. However, there are negative 

high, fair or weak correlations between intensities of these two neighbourhood 

land-uses (i.e., green space and recreation centres), and other macro built 

environment attributes (e.g., residential density, intensity of other land-uses 

(e.g., retails, schools and industries), street connectivity, and retail density). 

It means that, in this study, as most of macro built environment attributes 

(e.g., residential density and the land area dedicated to industries) increase, 

the land area dedicated to green space and recreation centres may shrink. 

5.3.2 Correlations within perceived micro built environment 

attributes 

Table 5.5 shows correlations within perceived micro built environment 

attributes. There are positive significant correlations between all perceived 

micro built environment attributes (except between presence of amenities and 

air quality in neighbourhood). The strong correlations are as follows: 

neighbourhood aesthetics is fairly correlated with all other micro built 

environment attributes. Neighbourhood safety is fairly correlated with two 

aspects of neighbourhood pedestrian infrastructure (i.e., traffic condition and 

quietness) and neighbourhood aesthetics. There are also fair correlations 

between neighbourhood quietness and other three aspects of neighbourhood 

pedestrian infrastructure (i.e., traffic condition, pavement condition, and air 
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quality). Therefore, in this study, as perceived traffic conditions improve, 

perceived neighbourhood safety, quietness, and aesthetics may improve.  

Table 5.4: Correlations within macro built environment attributes 

Macro built 
environment 
attribute 
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d
u
s
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Residential 
density 

0.24 
0.002 

0.85 
0.000 

-0.44 
0.000 

-0.81 
0.000 

0.62 
0.000 

0.89 
0.000 

0.86 
0.000 

0.79 
0.000 

0.91 
0.000 

0.61 
0.000 

Land-use mix  
0.36 
0.000 

0.19 
0.014 

-0.40 
0.633 

0.57 
0.000 

0.37 
0.000 

0.15 
0.057 

0.07 
0.366 

0.35 
0.000 

0.34 
0.000 

Land-use 
intensity:  

Eating/ 
drinking 

  

 
 

-0.36 
0.000 

 
 

-0.65 
0.000 

 
 

0.59 
0.000 

 
 

0.81 
0.000 

 
 

0.82 
0.000 

 
 

0.59 
0.000 

 
 

0.85 
0.000 

 
 

0.82 
0.000 

Green space    
0.58 
0.000 

0.00 
0.996 

-0.47 
0.000 

-0.54 
0.000 

-0.73 
0.000 

-0.58 
0.000 

-0.16 
0.039 

Recreation 
centres 

    
-0.33 
0.000 

-0.78 
0.000 

-0.79 
0.000 

-0.84 
0.000 

-0.78 
0.000 

-0.43 
0.000 

Social 
infrastructure 

     
0.54 
0.000 

0.41 
0.000 

0.21 
0.005 

0.54 
0.000 

0.48 
0.000 

Retail       
0.81 
0.000 

0.83 
0.000 

0.90 
0.000 

0.62 
0.000 

Schools        
0.77 
0.000 

0.86 
0.000 

0.67 
0.000 

Industries         
0.84 
0.000 

0.36 
0.000 

Street 
connectivity          

0.61 
0.000 

Note. This table shows Pearson correlation values; p-values are in italic. Orange cells show high 

correlations, yellow cells show fair correlations, grey cells show weak correlations and white cells 

show no correlation. 

Table 5.5: Correlations within perceived micro built environment attributes 

Micro built 

environment 

attribute 

Pedestrian infrastructure 

Aesthetics 
Traffic 

condition 

Pavement 

condition 

Presence of 

amenities 
Quietness 

Air 

quality 

Safety 
0.55 

0.000 

0.38 

0.000 

0.17 

0.023 

0.43 

0.000 

0.31 

0.000 

0.47 

0.000 

Traffic 

condition 
 

0.54 

0.000 

0.31 

0.000 

0.41 

0.000 

0.41 

0.000 

0.58 

0.000 

Pavement 

condition 
  

0.21 

0.006 

0.46 

0.000 

0.45 

0.000 

0.52 

0.000 

Presence of 

amenities 
   

0.21 

0.006 

0.10 

0.178 

0.43 

0.000 

Quietness     
0.40 

0.000 

0.52 

0.000 

Air quality      
0.41 

0.000 

Note. This table shows Pearson correlation values; p-values are in italic. Yellow cells show fair 

correlations, grey cells show weak correlations and the white cell shows no correlation. 
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5.3.3 Correlations between macro and perceived micro built 

environment attributes 

Table 5.6 represents correlations between macro and perceived micro 

neighbourhood built environment attributes. In general, most macro built 

environment attributes (i.e., residential density, land-use intensity (except 

social infrastructure intensity), street connectivity, and retail density) are 

highly, fairly, or weakly correlated with most perceived micro built environment 

attributes. Neighbourhood land-use mix is the only macro built environment 

attribute that is insignificantly correlated with all perceived micro built 

environment attributes. The correlation between neighbourhood green space 

intensity and air quality, and the correlation between neighbourhood retail 

density and pavement condition are also insignificant. The significant 

correlations between neighbourhood social infrastructure intensity and 

perceived micro built environment attributes (i.e., quietness and aesthetics) 

are weak. 

Table 5.6: Correlations between macro and perceived micro built environment attributes 

Macro built 

environment 

attribute 

Perceived micro built environment attribute 

Safety 

Pedestrian infrastructure 

Aesthet
ics Traffic 

condition 

Pavement 

condition 

Presence 
of 

amenities 

Quietness 
Air 

quality 

Residential  

density 

-0.37 

0.000 

-0.39 

0.000 

-0.40 

0.000 

-0.32 

0.000 

-0.42 

0.000 

-0.29 

0.000 

-0.73 

0.000 

Land-use mix 
-0.50 

0.548 

0.01 

0.856 

-0.02 

0.780 

0.10 

0.196 

0.01  

0.927 

0.02 

0.784 

-0.07 

0.358 

Land-use 

intensity: 

Eating/ 

drinking 

 

 

-0.39 

0.000 

 

 

-0.35 

0.000 

 

 

-0.28 

0.000 

 

 

-0.31 

0.000 

 

 

-0.30 

0.000 

 

 

-0.28 

0.000 

 

 

-0.62 

0.000 

Green space 
0.25 

0.001 

0.33 

0.000 

0.31 

0.000 
0.38 

0.000 

0.25  

0.001 

0.12 

0.130 

0.56 

0.000 

Recreation 

centres 
0.43 

0.000 

0.47 

0.000 

0.47 

0.000 

0.28 

0.000 

0.48  

0.000 

0.33 

0.000 

0.75 

0.000 

Social 

infrastructure 
-0.09 

0.245 

-0.11 

0.165 

-0.09 

0.218 

0.09 

0.256 

-0.19 

0.012 

-0.02 

0.811 

-0.31 

0.000 

Retail 
-0.41 

0.000 

-0.37 

0.000 

-0.40 

0.000 

-0.23 

0.003 

-0.39 

0.000 

-0.28 

0.000 

-0.67 

0.000 

Schools 
-0.44 

0.000 

-0.44 
0.000 

-0.36 
0.000 

-0.37 
0.000 

-0.40 
0.000 

-0.27 
0.000 

-0.71 
0.000 

Industries 
-0.43 

0.000 

-0.45 

0.000 

-0.49 

0.000 

-0.37 

0.000 

-0.41 

0.000 

-0.31 

0.000 

-0.75 

0.000 

Street  

connectivity 

-0.44 

0.000 

-0.41 

0.000 

-0.38 

0.000 

-0.34 

0.000 

-0.36 

0.000 

-0.25 

0.001 

-0.73 

0.000 

Retail density 
-0.26 

0.000 

-0.20 

0.008 

-0.15 

0.052 

-0.17 

0.024 

-0.16 

0.033 

-0.21 

0.005 

-0.40 

0.000 

Note. This table shows Pearson correlation values; p-values are in italic. Orange cells show high 

correlations, yellow cells show fair correlations, grey cells show weak correlations and white cells 

show no correlation. The thick black boundary contains positive significant correlations. All significant 

correlations outside the thick black boundary are negative correlations. 
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Excluding neighbourhood green space and recreation centres  intensities (Table 

5.6: the thick black boundary), all significant correlations between macro and 

perceived micro built environment attributes are negative (Table 5.6). 

Neighbourhood green space and recreation centres intensities positively 

correlate with perceived micro built environment attributes. It means that, in 

this study, as the land area devoted to green space or recreation centres 

increase, perceived micro built environment attributes (e.g., aesthetics) may 

improve. As other macro built environment attributes (e.g., neighbourhood 

residential density and industries intensity) increase, perceived micro built 

environment attributes (e.g., quietness and aesthetics) may worsen.  

5.4 Discussion  

This study demonstrates that there are some correlations within and between 

macro and perceived micro built environment attributes. It confirms a previous 

study (Frank et al., 2005; Frank, 2000) by showing strong correlations within 

macro built environment attributes. Comparing to macro built environment 

attributes; the correlations within perceived micro built environment attributes 

are less strong. Moreover, macro built environment attributes (except 

neighbourhood land-use mix) are correlated with micro built environment 

attributes. These correlations may influence relationships between 

neighbourhood built environment attributes and older adults’ outdoor walking 

levels.  

By relying on findings of Chapter 3 and Chapter 4 of this thesis, neighbourhood 

land-use (green space and recreation centres) intensity—as macro built 

environment attributes—and neighbourhood safety, pedestrian infrastructure 

(i.e., quietness), and aesthetics—as micro built environment attributes—are 

directly and positively related to older adults’ outdoor walking levels. Moreover, 

neighbourhood land-use (schools and industries) intensity, and street 

connectivity—as macro built environment attributes—are directly and 

negatively related to older adults’ outdoor walking levels (Chapter 3). These 

relationships between neighbourhood built environment attributes and older 

adults’ outdoor walking levels are independent of area deprivation (Chapter 3 

and Chapter 4). Only neighbourhood land-use mix is directly and positively 

related to older adults’ outdoor walking levels in low-deprivation areas 

(Chapter 3).  

According to findings of Chapter 3 and Chapter 4, Figure 5.1 shows direct and 

indirect relationships between neighbourhood built environment attributes and 

older adults’ outdoor walking levels. There are only positive correlations in the 

dark grey box A and in the light grey box B and box C (Figure 5.1). Macro built 

environment attributes included in the dark grey box A are negatively 

correlated with perceived micro built environment attributes. Neighbourhood 
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land-use intensity (i.e., green space and recreation centres) are positively 

related to perceived micro built environment attributes. Neighbourhood land-

use mix is not correlated with perceived micro built environment attributes and 

land-use (i.e., schools and industries) intensity. Following sub-sections discuss 

about direct and indirect relationships between neighbourhood built 

environment attributes and older adults’ outdoor walking levels. 

 

Figure 5.1: Direct and indirect relationships between neighbourhood built environment 

attributes and older adults’ outdoor walking levels. This figure includes all high, fair and 

weak correlations between neighbourhood built environment attributes. In box A, box B, 

and box C each built environment attribute is positively correlated with at least one built 

environment attribute in the box (there is no negative correlation in these boxes). The 

blue boxes show older adults’ outdoor walking levels and neighbourhood built 

environment attributes directly related to older adults’ outdoor walking levels. Arrows 

show direct relationships. Lines show correlations (indirect relationships). ‘+’ shows 

positive relationships/correlations and ‘–‘ shows negative relationships/correlations. 

Neighbourhood land-use mix is related to outdoor walking levels only in low-deprivation 

areas (represented by a white box and a dashed arrow). 

5.4.1 Direct relationships with older adults’ outdoor walking levels 

This study shows correlations between neighbourhood built environment 

attributes directly related to older adults’ outdoor walking levels (the blue 

boxes in Figure 5.1). Neighbourhood land-use (i.e., green space and recreation 

centres) intensity is positively—and neighbourhood land-use (i.e., schools and 

industries) intensity is negatively—correlated with perceived neighbourhood 

safety, pedestrian infrastructure (i.e., quietness), and aesthetics (Figure 5.1, 

Table 5.6). These findings support previous environmental studies addressing 

correlations between land-use on safety (Stucky and Ottensmann, 2009), 

noise (Wolch et al., 2014; Sanz et al., 1993) and aesthetics (Zhou and Parves 

Rana, 2012). It was also shown that street connectivity is negatively correlated 
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with perceived neighbourhood safety, pedestrian infrastructure (i.e., 

quietness) and aesthetics (Figure 5.1, Table 5.6). The high correlation between 

neighbourhood street connectivity and perceived aesthetics may be explained 

by findings of previous studies: high neighbourhood street connectivity may 

provide direct short routes (Saelens et al., 2003b), but direct routes may offer 

less visual mysteries and less visual appeal than curved streets (Nasar and 

Cubukcu, 2011). Moreover, the positive correlation between perceived 

neighbourhood safety and aesthetics is consistent with a previous study 

(Loukaitou-Sideris, 2006).  

According to positive and negative correlations shown in Figure 5.1, 

neighbourhood built environment attributes directly related to older adults’ 

outdoor walking levels may reinforce (or attenuate) each other’s influences on 

outdoor walking levels. For example (considering the negative correlation 

between neighbourhood street connectivity and aesthetics) increasing 

neighbourhood aesthetics (e.g., by planting trees in streets) may attenuate 

negative impacts of neighbourhood street connectivity on outdoor walking 

levels. Thus, these neighbourhood built environment attributes may have 

combined effects on older adults’ outdoor walking levels.  

5.4.2 Indirect relationships with older adults’ outdoor walking levels 

The indirect relationships between neighbourhood built environment attributes 

and older adults’ outdoor walking levels are illustrated in Figure 5.1. Macro 

built environment attributes (i.e., residential density, land-use intensity (i.e., 

eating/drinking, social infrastructure, retail), and retail density) in the dark 

grey box A (Figure 5.1) are negatively correlated with neighbourhood land-use 

intensity (i.e., green space and recreation centres), safety, pedestrian 

infrastructure (i.e., quietness), and aesthetics (that are directly and positively 

related to older adults’ outdoor walking levels). However, they positively 

correlate with neighbourhood land-use intensity (i.e., schools and industries), 

and street connectivity (that are directly and negatively related to older adults’ 

outdoor walking levels).  

Moreover, in this study, perceived micro built environment attributes (i.e., four 

aspects of pedestrian infrastructure: traffic condition, pavement condition, 

presence of amenities, and air quality) in the light grey box c (Figure 5.1) are 

positively correlated with neighbourhood land-use intensity (i.e. green space 

and recreation centres), safety, pedestrian infrastructure (i.e., quietness), and 

aesthetics (that are directly and positively related to older adults’ outdoor 

walking levels). However, they negatively correlate with neighbourhood land-

use intensity (i.e., schools and industries), and street connectivity (that are 

directly and negatively related to older adults’ outdoor walking levels).  
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These correlations indicate that direct relationships between neighbourhood 

built environment attributes and older adults’ outdoor walking levels may be 

influenced by some other neighbourhood built environment attributes (e.g., 

residential density and perceived traffic conditions). For example, improving 

traffic conditions may reinforce the direct positive relationship between 

neighbourhood pedestrian infrastructure (i.e., quietness) and older adults’ 

outdoor walking levels. Improving traffic conditions may also attenuate the 

direct negative relationship between land-use (e.g., schools) intensity and 

older adults’ outdoor walking levels (because traffic condition and land-use 

(e.g., schools) intensity are negatively correlated). Accordingly, this study 

shows that most neighbourhood built environment attributes have a synergy 

in creating a neighbourhood built environment encouraging outdoor walking 

among older adults. Some neighbourhood built environment attributes are not 

directly related to older adults’ outdoor walking levels, but they may indirectly 

influence older adults’ outdoor walking levels, through their correlations with 

other built environment attributes.  

Findings of this study may help urban planners and policy makers to prioritise 

their interventions. Focusing on modifying built environment attributes directly 

(or significantly) related to older adults’ outdoor walking levels, irrespective of 

their correlations with other neighbourhood built environment attributes, may 

not be the most effective strategy for encouraging outdoor walking. For 

example, reducing street connectivity or intensity of schools may not be the 

most effective strategy to reduce negative impacts of macro built environment 

attributes on older adults’ outdoor walking levels. Other strategies, such as 

improving perceived neighbourhood aesthetics or improving traffic calming 

strategies, may help to reduce negative influences of macro built environment 

attributes—and also to reinforce positive influences of perceived micro built 

environment attributes—on older adults’ outdoor walking levels. Moreover, 

comparing to macro built environment attributes, micro built environment 

attributes are generally changed more rapidly and with less cost (Sallis et al., 

2011). Findings of this study on correlations between macro and perceived 

micro built environment attributes may help urban planners (and other 

professionals concerned with (perceived) built environment) to reduce costs 

and to speed up implementations of actions on encouraging outdoor walking 

among older adults.  

This study found correlations between neighbourhood built environment 

attributes, but it did not investigate reasons behind these correlations, since 

this issue was out of the scope of this study. Therefore, this study is not 

showing causality between neighbourhood built environment attributes. Future 

studies may examine this issue. Moreover, previous studies have shown that 

relationships between neighbourhood built environment attributes may differ 

for walking for different purposes, such as walking for transport or recreation 
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(Saelens and Handy, 2008). This study discussed about total outdoor walking 

levels. Future studies may examine indirect relationships between 

neighbourhood built environment attributes and older adults’ outdoor walking 

levels for different purposes. 

5.5 Conclusion 

This study examined correlations within and between macro and perceived 

micro built environment attributes in order to better understand how to 

increase positive (or to decrease negative) influences of neighbourhood built 

environment attributes on older adults’ outdoor walking levels. It 

demonstrated strong correlations within and between macro and perceived 

micro built environment attributes. It showed that most macro built 

environment attributes are negatively correlated with perceived micro built 

environment attributes. These correlations may create combined direct effects 

—or may generate indirect influences—of neighbourhood built environment 

attributes on older adults’ outdoor walking levels. This study may help 

professionals and policy makers in prioritising interventions, reducing costs and 

accelerating implementations of actions on encouraging outdoor walking 

among older adults. 
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6.1. Introduction 

Physical activity has enormous positive impacts on health. Therefore, one of 

the aims of healthy urban planning is to create a built environment that 

encourages physical activity, such as outdoor walking, among all citizens. It is 

very important to encourage outdoor walking among older adults, especially 

less active older adults, since these people are at risks of health problems.  

The literature on physical activity and outdoor walking is growing. As 

mentioned in Chapter 1, the literature has identified factors related to outdoor 

walking (such as personal characteristics, socioeconomic deprivation, and the 

built environment). We identified that in the scientific literature on physical 

activity, there is insufficient work on older adults’ (objectively measured) 

outdoor walking levels. Although urban planners are recommended to bring a 

health lens to their work that accounts for older adults’ needs, (multilevel) 

studies on neighbourhood walkability for older adults—especially with 

considering socioeconomic deprivation at area level—are scarce. It was 

unknown if the relationships between neighbourhood built environment 

attributes and outdoor walking levels differ in low- and high-deprivation areas. 

It was also not clear if the built environment derives disparities in older adults’ 

outdoor walking levels between low- and high-deprivation areas. To address 

these issues a multilevel study considering all three groups of factors relevant 

to outdoor walking levels (i.e., personal characteristics, socioeconomic 

deprivation, and the built environment) is required. Such a study may help 

healthy urban planning in reducing inactivity and eliminating disparities in 

physical activity (i.e., outdoor walking)—that are important public health 

priorities (Public Health England, 2014). Therefore, the aim of this research 

was to aid healthy urban planning by developing an integrated 

framework to assess the impacts of the built environment (combined 

with personal characteristics and socioeconomic deprivation) on older 

adults’ outdoor walking levels in Birmingham, UK. 

This chapter summarises the key findings of this thesis. It helps to understand 

the relationships between personal characteristics, socioeconomic deprivation, 

and the built environment, and older adults’ outdoor walking levels. 

Quantitative and qualitative data have been used in this thesis. Quantitative 

data included data on (GPS measures) of walking levels, personal 

characteristics and individual deprivation, area deprivation, and neighbourhood 

built environment attributes. Qualitative data included data on neighbourhood 

built environments attributes. As mentioned in Chapter 1, this multilevel 

research has applied a mixed method approach. Accordingly, it has used 

quantitative analyses (e.g., multilevel (or hierarchical) analyses in Chapter 2, 

Chapter3, and Chapter 4; and Pearson correlations in Chapter 5) and 

qualitative analyses (i.e., content analyses in Chapter 3 and Chapter 4).  
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6.2 Summary and discussion of the results 

This section provides an overview of the findings for each objective. 

6.2.1 Objective 1: To examine the associations between area 

deprivation and older adults’ objectively measured outdoor walking 

levels. 

To encourage outdoor walking - as a type of physical activity - among older 

adults, it is important to identify less active older adults. It has been shown 

that physical activity levels vary according to socioeconomic deprivation 

(Gidlow et al., 2006). Socioeconomic deprivation refers to relative 

disadvantage in terms of social and material resources (Crampton et al., 2000). 

Two levels of socioeconomic deprivation may relate to physical activity (Gidlow 

et al., 2006; McNeill et al., 2006): (1) individual deprivation (e.g., educational 

attainment, income and occupational status) and (2) area deprivation. Past 

research on physical activity have mostly focused on individual deprivation 

(Gidlow et al., 2006), total physical activity (Hillsdon et al., 2008), or self-

reported measurement of older adults’ outdoor walking (Fisher et al., 2004; 

Kamphuis et al., 2009). Knowledge on disparities in older adults’ (objectively 

measured) outdoor walking levels by area deprivation is limited. 

Chapter 2 explored relationships between area deprivation—beside individual 

deprivation and personal characteristics—and outdoor walking levels in 

Birmingham. It addressed two dimensions of outdoor walking: duration and 

frequency. Consistent with previous studies on physical activity (Hillsdon et al., 

2008; Turrell et al., 2010), Chapter 2 showed area-based disparities in 

participants’ outdoor walking levels. Frequencies of outdoor walking do not 

differ between low- and high-deprivation areas, but durations of outdoor 

walking—independent of individual deprivation (i.e., educational attainment) 

and personal characteristics (i.e., marital status)—differ between these areas. 

Thus, participants living in high-deprivation areas take shorter outdoor walks 

in city than their peers living in low-deprivation areas. Area-level 

interventions—as well as individual-level interventions—could be targeted in 

order to encourage longer outdoor walking. Findings of this chapter laid the 

foundation for the next chapters to investigate what built environment 

attributes of low- and high-deprivation areas give rise to disparities in 

participants’ outdoor walking durations. 
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6.2.2 Objective 2: To examine inequalities in neighbourhood 

walkability (i.e., residential density, land-use mix and intensity, 

street connectivity, and retail density) in high- versus low-

deprivation areas and their possible influences on disparities in 

older adults’ outdoor walking levels 

Urban planners are interested in the link between the built environment and 

outdoor walking levels. In this thesis, we focused on neighbourhoods’ built 

environment, since neighbourhood is the main context of older adults’ outdoor 

walking (Li, 2012). Neighbourhood built environment may support and 

encourage older adults’ outdoor walking. The extent to which the built 

environment supports and encourages outdoor walking is known as 

‘walkability’ (Southworth, 2005; Leslie et al., 2007). Neighbourhood built 

environment attributes may influence neighbourhood walkability. They are 

categorised in two groups: macro built environment attributes shaping the 

overall design and structure of a neighbourhood; and micro built environment 

attributes shaping route characteristics in a neighbourhood. Considering the 

results of Chapter 2 on disparities in older adults’ outdoor walking levels 

(durations) by area deprivation, it is likely that older adults living in high-

deprivation areas have a less supportive neighbourhood for outdoor walking 

than their peers living in low-deprivation areas. From an urban planning 

perspective, this issue is incorporated under the context of spatial inequality 

(Chapter 3 and Chapter 4). Addressing spatial inequalities in neighbourhood 

walkability for older adults in high- versus- low-deprivation areas helps urban 

planners to recognise deficiencies in high-deprivation areas, where older adults 

are less active. 

In Chapter 3, we examined spatial inequalities in neighbourhood walkability 

in high- versus low-deprivation areas and their possible influences on 

disparities in older adults’ outdoor walking levels (in their neighbourhoods). 

For this purpose, we focused only on (objective and subjective measures of) 

macro built environment attributes, including neighbourhood residential 

density, land-use mix and intensity, street connectivity, and retail density.  

Chapter 3 found that participants living in high-deprivation take shorter walks 

in their (home-based) neighbourhoods than their peers living in low-

deprivation areas. This finding supported findings of Chapter 2 on outdoor 

walking levels (durations) in a city. It also demonstrated that inequalities in 

one macro built environment attribute (i.e., land-use (green space, recreation 

centres, schools, and industries) intensity) might influence disparities in 

outdoor walking levels. Inequalities in neighbourhood street connectivity did 

not explain disparities in outdoor walking levels, due to inconsistencies 

between quantitative and qualitative results. Land-use strategies on modifying 

intensities of neighbourhood land-uses (e.g., decreasing industries and 
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increasing green space) may help to support outdoor walking in high-

deprivation areas. 

Consistent with other studies (King and Clarke, 2015; Sugiyama et al., 2015), 

Chapter 3 showed that favourable macro built environment attributes (except 

specific land-uses (i.e., green space and recreation centres) intensity) are 

more predominant in high-deprivation areas than in low-deprivation areas. It 

indicates that in high-deprivation areas, the neighbourhoods’ structure is 

relatively suitable for outdoor walking (e.g., provided short and diverse routes 

to destinations). However, after controlling for personal characteristics (i.e., 

marital status and ethnicity), only specific neighbourhood land-use (i.e., green 

space and recreation centres) intensity is positively related to outdoor walking 

levels. Neighbourhood land-use (i.e., schools and industries) intensity and 

street connectivity are negatively related to outdoor walking levels. Consistent 

with a previous study (van Dyck et al., 2010), the relationships between macro 

built environment attributes and outdoor walking levels are largely similar in 

low- and high-deprivation areas. Only land-use mix is positively associated 

with outdoor walking levels in low-deprivation areas. The qualitative analysis 

presented in Chapter 3 found that positive impacts of macro built environment 

attributes on outdoor walking levels may be negated or blunted by other built 

environment attributes, such as neighbourhood aesthetics. Therefore, 

Chapter 3 paved the ground for the next chapters to address influences of 

other neighbourhood built environment attributes on outdoor walking levels 

(Chapter 4) and to examine correlations between these built environment 

attributes and macro built environment attributes (Chapter 5).  

6.2.3 Objective 3: To examine inequalities in perceived 

neighbourhood safety, pedestrian infrastructure and aesthetics in 

high- versus low-deprivation areas and their possible influences on 

disparities in older residents’ total outdoor walking levels 

According to qualitative findings of Chapter 3, we continued investigating 

spatial inequalities in neighbourhood walkability in high- versus low-

deprivation areas and their possible influences on disparities in older adults’ 

outdoor walking levels in Chapter 4. For this purpose, we focused only on 

perceived micro built environment attributes, including neighbourhood safety, 

pedestrian infrastructure (i.e., traffic condition, pavement condition, presence 

of amenities, quietness, and air quality) and aesthetics.  

Chapter 4, consistent with other research (van Lenthe et al., 2005; Sugiyama 

et al., 2015; Giles-Corti and Donovan, 2002), found that favourable 

(perceived) micro built environment attributes are less provided in high-

deprivation areas than in low-deprivation areas. In line with previous studies 

(Burton and Mitchell, 2006; Van Cauwenberg et al., 2012b; Gallagher et al., 
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2010; I'DGO, 2010), micro built environment attributes (i.e., safety, one 

aspect of pedestrian infrastructure (i.e., quietness), and aesthetics) are 

positively associated with outdoor walking levels (durations) in neighbourhood, 

after controlling for personal characteristics (i.e., marital status and ethnicity). 

Similar to a previous study on adults’ walking (Sugiyama et al., 2015), these 

relationships are similar in low- and high-deprivation areas. Overall, in 

Chapter 4, it was demonstrated that inequalities in micro built environment 

attributes (i.e., safety, one aspect of pedestrian infrastructure (i.e., quietness), 

and aesthetics) in high- versus low-deprivation areas may influence disparities 

in older adults’ outdoor walking levels. Improving perceived micro built 

environment attributes (i.e., neighbourhood safety, pedestrian infrastructure 

(i.e., quietness) and aesthetics) may encourage outdoor walking in high-

deprivation areas. Qualitative findings of Chapter 4 indicate that micro built 

environment attributes (e.g., neighbourhood traffic condition and quietness) 

may influence each other (e.g., neighbourhood traffic condition and quietness). 

Therefore, it is likely that micro built environment attributes are correlated. 

6.2.4 Objective 4: To examine correlations within and between macro 

and perceived micro built environment attributes in order to better 

understand how to increase positive (or to decrease negative) 

influences of neighbourhood built environment attributes on older 

adults’ outdoor walking levels 

Qualitative findings of Chapter 3 and Chapter 4 raised a hypothesis that 

neighbourhood built environment attributes may be correlated. Accordingly, 

some neighbourhood built environment attributes may influence outdoor 

walking levels through their correlations with other neighbourhood built 

environment attributes. Investigating correlations between neighbourhoods 

built environment attributes is important for urban planners because it may 

help them to realise how to change the built environment to enhance positive 

(or reduce negative) impacts of neighbourhood built environment attributes on 

outdoor walking levels (Chapter 4).  

Accordingly, Chapter 5 looked at correlations within and between (objectively 

measured) macro and (perceived) micro built environment attributes. By 

classifying statistical correlations between neighbourhood built environment 

attributes in four groups (i.e., high, fair, weak and insignificant correlations), 

this chapter compared correlations within and between macro and micro built 

environment attributes. Briefly, it found (1) significant correlations within 

macro and micro built environment attributes; (2) stronger correlations within 

macro built environment attributes than within micro built environment 

attributes; and (3) significant correlations between macro built environment 

attributes (except neighbourhood land-use mix) and micro built environment 

attributes.  
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Chapter 5 also discussed about possible influences of correlations between 

neighbourhoods built environment attributes on outdoor walking levels. It 

identified correlations between the neighbourhood built environment attributes 

significantly (or directly) related to outdoor walking levels. Accordingly, it was 

discussed that neighbourhood attributes directly related to outdoor walking 

levels (e.g., street connectivity and aesthetics) may have combined influences 

on older adults’ outdoor walking levels. Correlations between neighbourhood 

built environment attributes may also create indirect relationships between 

neighbourhood built environment and older adults’ outdoor walking levels. It 

means that some neighbourhood built environment attributes (e.g., traffic 

conditions) are not directly (or significantly) related to outdoor walking levels, 

but they may influence older adults’ outdoor walking levels through their 

correlations with other neighbourhood built environment attributes (e.g., 

neighbourhood quietness). Therefore, this chapter found that neighbourhood 

built environment attributes might have a synergy in encouraging older adults 

to take longer outdoor walks. Findings of this chapter may help urban planners 

and other professionals in prioritising their interventions, reducing costs and 

speeding up implementations of actions for encouraging outdoor walking 

among older adults. 

6.3 An integrated framework 

By relying on the conceptual framework in Chapter 1 and findings from 

Chapter 2, Chapter 3, Chapter 4, and Chapter 5, this thesis develops an 

integrated framework to assess the impacts of the built environment 

(combined with personal characteristics and socioeconomic deprivation) on 

older adults’ outdoor walking levels in Birmingham, UK (Figure 6.1). As Figure 

6.1 shows, this thesis demonstrated that: 

 After combining three groups of factors relevant to outdoor walking (i.e., 

personal characteristics, socioeconomic deprivation and the built 

environment), five neighbourhood built environment attributes (i.e., land-

use intensity, street connectivity, perceived safety, pedestrian 

infrastructure (i.e., quietness), and aesthetics (Chapter 3 and Chapter 4), 

as well as two personal characteristics (i.e., marital status and ethnicity) 

and area deprivation (Chapter 2 and Chapter 4), are related to older 

adults’ objectively measured outdoor walking levels (walking durations). 

 The relationships between neighbourhood built environment attributes 

(except neighbourhood land-use mix) and older adults’ objectively 

measured outdoor walking levels are similar in low- and high-deprivation 

areas (Chapter 3 and Chapter 4). 

 The structure of the neighbourhood is partially suitable for older adults’ 

outdoor walking levels in high-deprivation areas (Chapter 3). Spatial 
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inequalities in one macro built environment attribute (i.e., land-use 

intensity) and three micro built environment attributes (i.e., safety, one 

aspect of pedestrian infrastructure (i.e., quietness) and aesthetics) in high- 

versus low-deprivation areas may drive disparities in older adults’ 

objectively measured outdoor walking levels (Chapter 3 and Chapter 4).  

 There are some correlations within and between macro and perceived micro 

built environment attributes. As Figure 6.1 shows, some macro built 

environment attributes (the grey box A) are correlated with micro built 

environment attributes. Neighbourhood built environment attributes in the 

grey box A are also correlated with each other (Chapter 5).  

 Some neighbourhood built environment attributes may indirectly be related 

to older adults’ objectively measured outdoor walking levels due to their 

correlations with other neighbourhood built environment attributes.  

Accordingly, most neighbourhood built environment attributes have a 

synergy in creating a neighbourhood built environment encouraging and 

supporting outdoor walking among older adults (Chapter 5). 

 

Figure 6.1: An integrated framework to assess the impacts of the built environment 

(combined with personal characteristics and socioeconomic deprivation) on older adults’ 

outdoor walking levels in Birmingham, UK. Arrows show direct relationships between 

factors (at individual, social/cultural environment and built environment levels) and older 

adults’ outdoor walking levels. Grey dotted line show correlations. Neighbourhood land-

use mix is related to older adults’ outdoor walking only in low-deprivation areas. rec. 

centres = recreation centres. 
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6.4 Reflections 

This section provides a reflection on the key findings of this thesis. It contains 

a summary of the main contributions and recommendations for the future 

studies. 

6.4.1. Main Contribution 

This thesis is a multidisciplinary research and is among the first research on 

older adults’ outdoor walking using objective (GPS) measures of outdoor 

walking levels, a mixed-method approach, a spatial inequality approach, and 

a multilevel approach. The main contributions of this thesis are as follows: 

(1) This thesis is a multidisciplinary research: it provides an evidence on 

encouraging physical activity (as a healthy lifestyle) among a specific sector of 

population (i.e., older adults)—known as a vulnerable group—in cities. 

Therefore, findings of this thesis may be useful for a wide variety of scientists 

(e.g. urban planners as well as epidemiologists, gerontologists and 

sociologists) and may be helpful for policy makers in different sectors (e.g., 

built environment and public health).  

(2) This study improves knowledge on objectively measured older adults’ 

outdoor walking levels. By providing evidence on disparities in objectively 

measured older adults’ outdoor walking levels (i.e., durations) by area 

deprivation, this study extends the literature on disparities in physical activity 

levels. 

(3) A major contribution of this study is improving knowledge on 

neighbourhood walkability for older adults in low- and high-deprivation areas. 

By using a mixed-method approach, this research not only showed 

relationships between neighbourhood built environment attributes and older 

adults’ outdoor walking, but also provides an evidence on how neighbourhood 

built environment attributes may influence outdoor walking levels. Using 

qualitative methods beside quantitative methods, it showed perceived 

influences of neighbourhood built environment (e.g., residential density or 

intensity of schools) on older adults’ outdoor walking levels and added rich 

information to the literature. It also motivated this research to address indirect 

relationships between neighbourhood built environment and older adults’ 

outdoor walking levels (an issue that has been rarely reported in previous 

studies on physical activity). 

(4) By involving subjective measures of neighbourhood built environment, this 

study provides information on quality of neighbourhoods for older adults. It 

helps urban planners to understand how the built environment is perceived 

and used by older adults and what older adults difficulties are for outdoor 
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walking in neighbourhood. Therefore, this study may help urban planners and 

other professionals in arranging strategies for providing opportunities 

encouraging outdoor walking among older adults.  

(5) A main contribution of this study is adding to the growing body of literature 

on influences of spatial inequalities in the built environment (in high-versus 

low-deprivation areas) on physical activity levels. This thesis may help urban 

planners, other professionals and policy makers in arranging interventions for 

encouraging outdoor walking among older adults, especially in high-

deprivation areas, and reducing disparities in physical activity. 

(6) The major contribution of this thesis is adding rich information to the 

literature on older adults’ physical activity by providing a multilevel evidence 

on older adults’ outdoor walking. It improves understanding on the 

relationships between a set of factors on individual, social/cultural environment 

and built environment levels (explained in Chapter 1) and older adults’ outdoor 

walking levels. As a result, it offers an integrated framework to assess the 

impacts of the built environment (combined with personal characteristics and 

socioeconomic deprivation) on older adults’ outdoor walking levels. This 

framework may be helpful for professionals and policy makers in Birmingham, 

UK, and provides a new insight for professionals and policy makers in other 

cities.  

(7) This research is among the first studies on older adults’ objectively 

measured outdoor walking levels using a multi-level approach. Therefore, 

comparing the results of this research with previous studies on older adults’ 

objectively measured outdoor walking has limitations due to scarcity in similar 

studies. Nevertheless, in general, findings of this research are consistent with 

findings of previous research on adults’ physical activity or walking (for 

example, Sugiyama et al. (2015), van Dyck et al. (2010), and Sallis et al. 

(2011))—and a few existing studies on older adults’ self-reported walking 

(such as Kamphuis et al. (2009))—in low- and high-deprivation areas. 

Moreover, findings of this research on disparities in older adults’ outdoor 

walking levels are in line with findings of a previous study using objectively 

measures of older adult’ walking in the UK (Fox et al., 2011). This research 

was done in one UK city with a special socioeconomic deprivation pattern (high-

deprivation areas located in inner parts and low-deprivation areas located in 

northern parts of the city). Findings of this research may be generalised to 

outdoor walking among healthy older adults in other cities with similar 

conditions (e.g., demographic and geographic conditions) and socioeconomic 

pattern to Birmingham, UK.   



Chapter 6 

 

 127 

6.4.2 Recommendations for future research 

This research is the first of its kind presenting an empirical multilevel evidence 

on older adults’ outdoor walking in low- and high-deprivation areas. Therefore, 

it encountered some challenges that could be addressed in future research. 

Moreover, this research open new vistas to be studied further on older adults’ 

outdoor walking. This section suggests several areas for future research. 

Data need 

Data on individual socioeconomic status: this study included educational 

attainment as the only proxy of individual deprivation, due to lack of data on 

‘income’ (explained in Chapter 2). Addressing ‘income’ besides ‘educational 

attainment’ may improve knowledge on associations between individual 

deprivation and older adults’ outdoor walking levels. Future studies may use 

income or other proxies of income such as ‘total household expenditures’. 

Measuring micro built environment attributes: this study used primary data on 

perceived micro built environment attributes, which may not reflect the actual 

built environment. Objective measures of micro built environment attributes 

were not addressed in this study due to lack of data. Future studies may use 

objective data on micro built environment attributes (e.g., on level of traffic 

noise and crime rate) to investigate older adults’ outdoor walking levels in low- 

and high-deprivation areas. 

Data on the purpose/choice of living in neighbourhoods: self-selection bias 

(people who enjoy walking may choose to live in neighbourhoods that support 

walking) is a probability in this research. Future studies may overcome this 

limitation by collecting data on participants’ purpose/choice of living in 

neighbourhoods.   

Longitudinal research 

The cross-sectional nature of this study prevented this study from making a 

causal inference. Future longitudinal studies (before and after selected 

interventions) on the same topic may help to improve knowledge on causality 

between neighbourhood built environment attributes and older adults’ outdoor 

walking levels in low- and high-deprivation areas. 

New Vistas 

Social/cultural environment: this study was done from an urban planning 

perspective. Although it involved, a set of factors at different levels, its main 

focus was on the built environment. There are many other social/cultural 

environment factors (e.g., social cohesion and cultural factors) that were not 
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addressed in this research. Disparities in social/cultural environment may also 

drive disparities in older adults’ outdoor walking levels. Future studies, 

especially in urban sociology discipline, may focus on social/cultural 

environment (combined with factors at individual and built environment 

levels).  

Policy environment: this study did not include the policy environment; 

however, based on an ecological model on physical activity (Chapter 1- section 

1.5) policy environment level may influence older adults’ outdoor walking 

levels. Moreover, in order to address the issue of ‘equity’ it is required to 

address policies and policymaking process. Future studies may address these 

issues and improve knowledge on the influences of equity on older adults’ 

outdoor walking levels.  

Outdoor walking for different purposes: despite many previous studies that 

have examined associations between neighbourhood built environment and 

total physical activity, this study focused specifically on (objectively measured) 

outdoor walking levels. However, during this research, it was realised that 

considering older adults’ purpose for outdoor walking may help to improve our 

understanding on relationships between neighbourhood built environment and 

older adults’ outdoor walking levels. Future studies examining total outdoor 

walking may use participants’ diary reports of their daily activities in order to 

address different purposes of outdoor walking. 

Walking destinations: this research qualitatively found that attractiveness of 

destinations influences older adults’ outdoor walking levels (Chapter 3). It also 

found that quality of local destinations (e.g., green space) might differ in low- 

and high-deprivation areas. These findings may be useful for future studies to 

develop a hypothesis on the influences of destinations attractiveness on older 

adults’ outdoor walking in low- and high-deprivation areas. Moreover, this 

research addressed land-use intensity by relying on area of each type of land-

use in a neighbourhood. As Chapter 3 discussed, large area of land-use does 

not necessarily mean a more destinations. It may be interesting for future 

studies to examine inequalities in number of destinations in high- versus low-

deprivation areas and their possible impacts on older adults’ outdoor walking 

levels.  

A new insight: the approaches applied in this research (a mixed-method 

approach, a multilevel approach, and a spatial inequality approach) provides a 

new insight for future research on older adults’ outdoor walking in other cities. 

Notwithstanding the limitations that this study faced (e.g., including one British 

city and using a convenience sampling strategy for participants’ recruitment), 

it provides relevant results on older adults’ outdoor walking in low- and high-

deprivation areas. This research may encourage future studies to apply similar 
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approaches in order to improve knowledge on older adults’ outdoor walking. 

Future research may use a larger and more heterogeneous (in terms of health 

status) sample and may identify variations in older adults’ outdoor walking 

levels between more categories of areas (e.g., low-, medium-, and high-

deprivation areas). 

Since this research is among the first studies of its kind, it raises many 

questions and provides opportunities for further studies. Moreover, the findings 

of this research are significant for scientists and policy makers in different 

disciplines. 
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 Appendix 

 

Appendix Figure 1: An ecological model of physical activity adopted from (Sallis et al., 

2012). This figure shows how different levels of factors influence each other in an 

ecological model of physical activity. 

Appendix Note 1: Equation used for measuring land-use entropy score. 

The following equation was used (where LMX = land-use mix score for a home-

based neighbourhood, i = the land-use, pi = the proportion of the land area 

devoted to a specific land-use against the sum of the area of the land-uses of 

interest, n = the number of land-use categories):  
                                                  n 

LMX =[ -1 ∑ pi* ln(pi)] / ln (n) 
                                                 i=1 

Appendix Table 1: correlations between personal characteristics and objectively 

measured neighbourhood built environment attributes 
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Marital 
status 

0.04 
0.570 

-0.12 
0.116 

0.04 
0.570 

0.01 
0.860 

0.07 
0.360 

0.08 
0.304 

-0.01 
0.872 

-0.02 
0.800 

-0.03 
0.723 

0.04 
0.612 

-0.04 
0.594 

Ethnicity 
-0.51 
0.000 

-0.05 
0.480 

-0.42 
0.000 

0.33 
0.000 

0.40 
0.000 

-0.19 
0.011 

-0.41 
0.000 

-0.46 
0.000 

-0.52 
0.000 

-0.25 
0.001 

-0.51 
0.000 

Note. This table shows Pearson correlation values; p-values are in italic. 



Appendix 

 152 

Appendix Table 2: Difference between outdoor walking levels in ’city’ and in ’home-

based neighbourhood’ 

Outdoor space 
Outdoor walking levels 

M SD t-value 

City 17.30 16.35 t (172) = 1.68;  

p = 0.094 Home-based neighbourhood 14.99 14.85 

Note. This table shows the results of paired t-test used for comparing outdoor walking levels in ’city’ 

and in ’home based neighbourhood’. As this table shows, although (average) outdoor walking levels 

in ’city’ is higher than (average) outdoor walking levels in ’home based neighbourhood’, this difference 

is not significant. Therefore, focusing on the ’home-based neighbourhood’ does not have considerable 

effects on recorded outdoor walking levels. M = Mean; SD = Standard Deviation. 

Appendix Table 3: Difference between GPS lending period in low- and high-deprivation 

areas 

Area deprivation 
GPS lending period (number of days) 

M SD t-value 

Low 4.96 1.47 
t (154) = 0.08, p = 0.94 

High 4.94 1.78 

Note. M = Mean; SD = Standard Deviation. 

Appendix Table 4: Correlations between personal characteristics and perceived 

neighbourhood built environment attributes 
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status 

−0.09 

0.216 

0.17 

0.027 

0.09 

0.259 

0.03 

0.703 

-0.26 

0.001 

0.30 

0.694 

0.09 

0.258 

0.01 

0.914 

Ethnicity  
0.23 

0.002 

0.22 

0.003 

0.27 

0.000 

0.33 

0.000 

0.15 

0.023 

0.17 

0.027 

0.41 

0.000 

Note. This table shows Pearson correlation values; p-values are in italic. In this study, Likert scale 

results for each subscale were aggregated. As this table shows, there are weak correlations between 

personal characteristics and (aggregated) perceived neighbourhood built environment attributes. We 

tested if the aggregation method influenced the weak correlations between personal characteristics 

(i.e., marital status and ethnicity) and perceived neighbourhood built environment attributes 

(Appendix Table 4). For this purpose, the correlations between each item of the questionnaire and 

personal characteristics and correlations between each item of the questionnaire and outdoor walking 

levels were tested. Pearson correlation values showed the maximum correlation between one item 

(i.e., there are many attractive natural sights) and ethnicity (rmax(171) = −0.41, p = 0.000). 
Therefore, the influence of aggregation method on weak correlations between personal characteristics 

and perceived neighbourhood built environment attributes was not considerable. 

Appendix Table 5: Results of hierarchical regression analyses: relationships between 

outdoor walking levels and personal characteristics 

Personal characteristics 
Outdoor Walking Levels 

B SE 

Marital status 0.79 ** 0.25 ** 

Ethnicity 0.59 * 0.28 * 

Note. Relationships between all personal characteristics (i.e., age, gender, marital status, ethnicity, 

educational attainment and health status) and outdoor walking levels were examined by using linear 

regression models. Logarithmic transformed variables (x + 1) were used to reduce heteroscedasticity. 
All personal characteristics were entered at once in the model and then the least significant (in terms 

of t-value) variables were dropped in order to get the model of best fit. This table shows the results 

after dropping least significant predictors (i.e., age, gender, educational attainment and health 

status). B = Unstandardised Coefficient; SE = Standard Error. The values in bold type are significant 

* p < 0.05, ** p < 0.01. 
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Appendix Table 6: Results of hierarchical regression analyses: relationships between 

outdoor walking levels and interactions between personal characteristics and area 

deprivation 

Interaction a 
Outdoor walking levels 

B SE 

Model 1:   

Marital status x area deprivation −1.13 0.61 

Ethnicity x area deprivation −1.04 * 0.49 * 

Model 2:   

Marital status x area deprivation −0.58 0.73 

Ethnicity x area deprivation −0.77 0.59 

Note. a Interaction between a personal characteristic and area deprivation. Model 1: in addition to 

personal characteristics (i.e., marital status and ethnicity), interactions between personal 

characteristics and area deprivation were (separately) added to the model. Model 2: in addition to 

personal characteristics (i.e., marital status and ethnicity), a combination of two interactions between 

personal characteristics and area deprivation was added to the model. B = Unstandardised 

Coefficient; SE = Standard Error. The values in bold type are significant. * p < 0.05. 

Appendix Table 7: Results of hierarchical regression analyses: relationships between 

personal characteristics and outdoor walking levels in low- and high-deprivation areas 

Personal characteristics 

Outdoor walking levels 

Low-deprivation areas High-deprivation areas 

B (SE) B (SE) 

Marital status 0.91 (0.32) ** 0.48 (0.42) 

Ethnicity 0.84 (0.90) −0.02 (0.42) 

Note. B = Unstandardised Coefficient; SE = Standard Error. The values in bold type are significant. 

** p < 0.01. 

Appendix Table 8. Results of hierarchical regression analyses: relationships between 

outdoor walking levels and interactions between perceived neighbourhood built 

environment attributes and area deprivation 

Interaction a 
Outdoor walking levels 

B SE 

Safety x area deprivation −0.27 0.23 

Traffic condition x area deprivation −0.44 0.28 

Pavement condition x area deprivation −0.49 * 0.25 * 
Presence of amenities x area deprivation −0.79 * 0.34 * 

Quietness x area deprivation −0.19 0.25 

Air quality x area deprivation −0.59 * 0.29 * 

Aesthetics x area deprivation −0.12 0.35 

Note. a Interaction between a perceived neighbourhood built environment attribute and area 

deprivation. Traffic condition, pavement condition, presence of amenities, quietness, and air quality 

are five aspects of perceived neighbourhood pedestrian infrastructure. Each interaction between 

perceived neighbourhood built environment attributes and area deprivation was examined 

individually. This table shows the result after adjustment for the perceived neighbourhood built 

environment attribute and personal characteristics (i.e., marital status and ethnicity) in each model. 

Relationships between perceived neighbourhood pavement condition, presence of amenities and air 

quality, and outdoor walking level were examined for low- and high-deprivation areas separately and 

the results were presented in the manuscript (Table 4.6). B = Unstandardised Coefficient; SE = 

Standard Error. The values in bold type are significant, * p < 0.05. 
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Summary 

 

‘Healthy urban planning’ is an approach addressing people’s health and healthy 

lifestyle in urban areas. It is about creating healthy, equitable and sustainable 

cities. The first objective of healthy urban planning is about promoting healthy 

lifestyle, especially physical activity, among citizens. Physical activity has 

enormous positive impacts on physical and mental health. There are many 

physical activity guidelines recommending people to do physical activity. 

Nevertheless, today, physical inactivity is a major problem posing a risk for 

health. It is the fourth leading risk factor for global mortality. Enhancing 

participation in physical activity is a public health issue of serious concern. 

Thus, one of the aims of healthy urban planning is to provide a built 

environment that encourages physical activity among all people. It is especially 

important to encourage physical activity among older adults (people aged 65 

years and over). Physical activity for older adults is important due to increasing 

longevity, declining health with aging and prevalence of inactivity among older 

adults. Walking is an excellent type of physical activity for older adults. 

Walking, especially outdoor walking, has substantial health benefits for older 

adults. Outdoor walking refers to total walking for different purposes - including 

transport, recreation and exercise - in outdoor space (e.g., neighbourhood 

streets and parks). Therefore, it is important to encourage older adults, 

especially less active older adults, to take outdoor walks. 

However, knowledge on older adults’ outdoor walking (especially objectively 

measured older adults’ outdoor walking) levels is limited. The literature 

indicates that three groups of factors at individual and environmental levels 

(i.e., personal characteristics, (individual  and area) socioeconomic deprivation 

and the built environment) may influence outdoor walking levels. It is 

important for healthy urban planning to identify the influences of the built 

environment on older adults’ outdoor walking levels. Although it has been 

realised that addressing different groups of factors separately is not enough to 

promote physical activity, multilevel studies18 on the influences of a 

combination of all groups of factors (the built environment combined with 

personal characteristics and (individual  and area) socioeconomic deprivation) 

on older adults’ outdoor walking levels are scarce. Therefore, it is not clear if 

the relationships between the built environment attributes and older adults’ 

outdoor walking levels differ by area deprivation. It is also unknown if the built 

environment drives disparities in older adults’ outdoor walking levels in low- 

and high-deprivation areas. Answering these questions may help healthy urban 

planning to reduce inactivity and to eliminate disparities in physical activity 

(i.e., outdoor walking) levels – which are important public health priorities. 

Therefore, this research aims to aid healthy urban planning by developing an 

                                           
18 - Studies that address factors at both individual and environmental levels. 
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integrated framework to assess the impacts of the built environment 

(combined with personal characteristics and (individual and area) 

socioeconomic deprivation) on older adults’ outdoor walking levels in a city 

(i.e., Birmingham. UK).  

This research was conducted in Birmingham, United Kingdom. It applied a 

multilevel approach, a mixed- method (combining quantitative and qualitative 

methods) approach, and a spatial inequality approach. By using the Index of 

Multiple Deprivation (IMD), it identified low- and high-deprivation areas of 

Birmingham. It included 173 participants (65 years and over) from low- and 

high-deprivation areas and used the Geographic Positioning System (GPS) 

technology to objectively measure participants’ outdoor walking levels. 

Quantitative data on personal characteristics and individual socioeconomic 

deprivation was provided by using a questionnaire. This research addressed 

the built environment on a neighbourhood scale, due to the importance of 

neighbourhood for older adults. It involved two groups of neighbourhood built 

environment attributes: macro built environment attributes (i.e., residential 

density, land-use mix and intensity, street connectivity and retail density); and 

micro built environment attributes (i.e., safety, pedestrian infrastructure and 

aesthetics). Objective measures of macro built environment attributes 

(measured by using statistic data and GIS mapping data) and subjective 

measures of micro built environment attributes (measured by using a 

questionnaire) provided quantitative data on neighbourhood built environment 

attributes. Qualitative data on macro and micro built environment attributes 

was provided by conducting walking interviews with a subsample (n=19). 

Qualitative data on micro built environment attributes was also provided by 

completing open-ended questions of a questionnaire. Statistical analyses (e.g., 

hierarchical analyses, multiple regression models, t-tests and Pearson 

correlations), GIS analyses (i.e., spatial distributions) and content analyses 

were employed.  

This research provides relevant results on relationships between personal 

characteristics, socioeconomic deprivation, and the built environment, and 

participants’ outdoor walking levels in low- and high-deprivation areas. It 

demonstrates that one personal characteristic (i.e., marital status) is related 

to participants’ outdoor walking levels in city and two personal characteristics 

(i.e., marital status and ethnicity) are related to outdoor walking levels in 

neighbourhood. These relationships are similar in low- and high-deprivation 

areas. It also shows that area deprivation associates with participants’ outdoor 

walking levels (durations), independent of personal characteristics. It means 

that participants living in high-deprivation areas take shorter outdoor walks in 

city than their peers from low-deprivation areas. Similar trend was 

demonstrated for participants’ outdoor walking levels in neighbourhood. 

Participants’ outdoor walking frequencies, however, does not differ by area 

deprivation. By combining three groups of factors (personal characteristics, 

socioeconomic deprivation and the built environment), this research shows 



Summary 

 157 

that participants living in neighbourhoods where greater land area is dedicated 

to green space and recreation centres or where lesser land area is dedicated 

to schools and industries take longer outdoor walks. Participants living in 

neighbourhoods with lower street connectivity (or with less junctions) also 

spend more time for outdoor walking. Similarly, participants perceiving their 

neighbourhoods to be safer, quieter or more aesthetically pleasing take longer 

outdoor walks. This research shows that relationships between neighbourhood 

built environment attributes and outdoor walking levels are similar in low- and 

high-deprivation areas. Only one macro built environment attribute (i.e., land-

use mix) is related to outdoor walking levels only in low-deprivation areas.  

Moreover, this research demonstrates that inequalities in specific 

neighbourhood built environment attributes in high- versus low-deprivation 

areas may influence disparities in participants’ outdoor walking levels. These 

specific neighbourhood built environment attributes are one macro built 

environment attribute (i.e., land-use intensity: green space, recreation 

centres, schools and industries intensities) and three perceived micro built 

environment attributes (i.e., safety, one aspect of pedestrian infrastructure 

(i.e., quietness) and aesthetics).  

This research also shows that some neighbourhood built environment 

attributes are indirectly related to outdoor walking levels through their 

correlations with other neighbourhood built environment attributes. It 

demonstrates that there are significant correlations within and between macro 

and micro built environment attributes. Therefore, neighbourhood built 

environment attributes have a synergy in creating a neighbourhood built 

environment encouraging outdoor walking among participants.  

This research is a multidisciplinary study and is among the first research on 

older adults’ outdoor walking using objective (GPS) measures of outdoor 

walking levels, a mixed-method approach, a spatial inequality approach, and 

a multilevel approach. It enhances knowledge on objectively measured older 

adults’ outdoor walking levels, extends the literature on the built environment 

encouraging outdoor walking (walkability) and adds to the growing body of 

evidence on influences of spatial inequalities in the built environment (in high-

versus low-deprivation areas) on physical activity levels. This research 

provides an integrated framework to assess the impacts of the built 

environment (combined with personal characteristics and socioeconomic 

deprivation) on older adults’ outdoor walking levels. This framework is useful 

for urban planners, as well as other professionals and policy makers 

(specifically in Birmingham) to arrange interventions for encouraging outdoor 

walking among older adults - especially in high-deprivation areas, where older 

adults are less active. Findings of this research and the approaches adopted in 

this thesis provide a new insight on older adults’ outdoor walking and offer 

opportunities for further studies.  
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Samenvatting 

 

‘Healthy urban planning’ is een planning benadering die zich richt op de 

gezondheid van mensen en een gezonde levensstijl in stedelijke gebieden. De 

planning heeft als oogmerk het creëren van gezonde, rechtvaardige en 

duurzame steden. De belangrijkste doelstelling van ‘healthy urban planning’ is 

het promoten van een gezonde levensstijl door het stimuleren van fysieke 

activiteiten van stedelingen. Fysieke inspanningen hebben enorme positieve 

gevolgen voor de fysieke en mentale gesteldheid. Er bestaan veel richtlijnen 

en aanbevelingen die het belang van fysieke inspanningen duiden. Desondanks 

vormt heden ten dage fysieke inactiviteit een belangrijk gezondheidsrisico. In 

belangrijkheid is het de vierde doodsoorzaak wereldwijd. Het verbeteren van 

deelname aan fysieke activiteiten is daarom een ernstige zaak vanuit het 

oogpunt van volksgezondheid. Eén van de belangrijkste doelstellingen van 

‘healthy urban planning’ is een gebouwde omgeving te creëren, die fysieke 

activiteiten onder alle mensen stimuleert. Dit geldt met name voor oudere 

volwassenen (mensen van 65 jaar en ouder). Fysieke activiteiten voor oudere 

volwassenen is relevant vanwege verlenging van de algemene levensduur, 

afnemende gezondheid bij ouder worden en het veel voorkomen van 

inactiviteit onder deze bevolkingsgroep. Lopen of wandelen is bij uitstek een 

geschikte vorm van fysieke activiteit voor ouderen. Zich buitenshuis lopend 

verplaatsen heeft substantiële gezondheidsvoordelen voor hen. Onder 

buitenshuis lopen verstaan we loopgedrag voor alle doeleinden, inclusief 

transport, recreatie en oefeningen in de buitenlucht (straten in de buurt of 

parken). Het bevorderen van dit gedrag onder ouderen, en met name de 

minder actieven onder hen, is daarom belangrijk. 

Kennis over de omvang van het loopgedrag van oudere volwassenen (en in het 

bijzonder objectieve metingen hiervan) is beperkt. De literatuur maakt melding 

van drie factoren op het niveau van zowel het individu als de omgeving, die de 

omvang van het loopgedrag kunnen beïnvloeden: persoonskenmerken, socio-

economische deprivatie van individu of omgeving, en de gebouwde omgeving. 

Voor een op volksgezondheid gerichte stedelijke planning is het belangrijk de 

invloeden van de gebouwde omgeving op het loopgedrag van oudere 

volwassenen vast te stellen. Hoewel gerealiseerd wordt dat het analyseren van 

elke factor afzonderlijk onvoldoende is, zijn integrale studies19 over de 

invloeden van de onderlinge samenhang tussen gebouwde omgeving, 

persoonskenmerken en deprivatie op het buitenshuis lopen van ouderen 

schaars. Zo is niet duidelijk of kenmerken van de gebouwde omgeving een 

afwijkende invloed hebben op het loopgedrag van ouderen afhankelijk van de 

mate van deprivatie van het gebied. Ook is onbekend of de gebouwde 

                                           
19- Studies die factoren beschouwen zowel op het niveau van het individu als de omgeving. 
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omgeving zelf in gebieden met afwijkende deprivatie verantwoordelijk is voor 

verschillen in loopgedrag onder ouderen. Het beantwoorden van deze vragen 

kan ‘healthy urban planning’ ondersteunen in het streven inactiviteit te 

reduceren en ongelijkheid in fysieke activiteiten (d.w.z. buitenshuis lopen of 

wandelen) te elimineren. Vanuit de invalshoek van stedelijke planning richt dit 

onderzoek zich daarom op het ontwikkelen van een integraal raamwerk om de 

invloeden van de gebouwde omgeving (in samenhang met persoonskenmerken 

en deprivatie op het niveau van  individu én omgeving) op de omvang van 

buitenshuis loopgedrag van oudere volwassenen vast te stellen in een stad, en 

wel specifiek in Birmingham in het Verenigd Koninkrijk.  

De integrale studie maakt gebruik van ‘mixed methods’ (een combinatie van 

kwantitatieve en kwalitatieve methoden), met aandacht voor ruimtelijke 

ongelijkheid. De Index van Meervoudige Deprivatie (IMD) is gebruikt om 

wijken in Birmingham te onderscheiden naar mate van deprivatie (lage en hoge 

IMD). In totaal hebben 173 mensen van 65 jaar en ouder uit wijken met een 

lage en hoge IMD deelgenomen aan de studie, waarbij gebruik is gemaakt van 

GPS technologie om het loopgedrag buitenshuis van deelnemers te meten. 

Kwantitatieve data over persoonskenmerken en de socio-economische 

achtergrond zijn verzameld met behulp van een vragenlijst. Vanwege het 

belang van de directe omgeving voor oudere volwassenen is de gebouwde 

omgeving beschouwd op buurt niveau. Daarbij zijn twee soorten kenmerken 

onderscheiden: macro kenmerken (d.w.z. woondichtheid, mix en intensiteit 

van landgebruik, connectiviteit van het stratennetwerk en kleinhandel 

dichtheid); en micro kenmerken (d.w.z. veiligheid, voetganger voorzieningen 

en  esthetica). Kwantitatieve data van macro kenmerken zijn verzameld in 

objectieve zin (statistische data, GIS data) als ook in subjectieve zin (via een 

vragenlijst). Kwalitatieve data voor zowel macro als micro kenmerken van de 

gebouwde omgeving zijn verkregen via ‘walking interviews’ met een deel van 

de steekproef (n=19). Ten aanzien van micro kenmerken zijn ook kwalitatieve 

data verkregen via beantwoording van de open vragen in de vragenlijst. Het 

onderzoek omvat statistische analyses (o.a. hiërarchische analyses, 

meervoudige regressie modellen, t-testen, Pearson correlaties), ruimtelijke 

analyses (o.a. GIS) en content analyses.  

Het onderzoek heeft relevante resultaten opgeleverd met betrekking tot 

relaties tussen persoonskenmerken, socio-economische deprivatie en de 

gebouwde omgeving enerzijds en de omvang van loopgedrag buitenshuis van 

respondenten anderzijds in wijken met een lage en hoge IMD. Eén van de 

persoonskenmerken, burgerlijke staat, vertoont een relatie met de omvang 

van loopgedrag van ouderen op stadsniveau, terwijl twee kenmerken, 

burgerlijke staat en etniciteit, gerelateerd zijn aan de omvang van loopgedrag 

op buurtniveau, ongeacht het IMD niveau van de wijk van de respondent. De 

totale tijdsduur van buitenshuis lopen verschilt wel per achterstandswijk, 
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onafhankelijk van persoonskenmerken. Deelnemers uit wijken met een hoog 

IMD brengen minder tijd lopend buitenshuis door dan degenen uit wijken met 

een laag IMD, zowel op stads- als buurt niveau. Door combinatie van alle 

factoren (persoonskenmerken, mate van deprivatie en de gebouwde 

omgeving) toont het onderzoek aan dat deelnemers uit buurten met veel 

groene ruimte en recreatieve voorzieningen of relatief weinig scholen en 

industrie buitenshuis in tijd gemeten langere wandelingen maken. Deelnemers 

uit buurten met een lage connectiviteit van het stratennetwerk (weinig 

kruispunten) besteden ook meer tijd aan buitenshuis lopen. Hetzelfde geldt 

voor deelnemers uit buurten die als veilig, rustig en esthetisch aantrekkelijk 

worden ervaren. De studie toont aan dat de relaties tussen kenmerken van de 

nabijgelegen gebouwde omgeving en de omvang van buitenshuis loopgedrag 

hetzelfde zijn voor wijken met een laag en hoog IMD. Slechts één macro 

kenmerk van de gebouwde omgeving, namelijk de mix van landgebruik, 

vertoont uitsluitend een relatie met buitenshuis loopgedrag in wijken met een 

laag IMD.  

Daarnaast toont deze studie aan dat ongelijkheden in specifieke 

buurtkenmerken van de gebouwde omgeving tussen wijken met een laag en 

een hoog IMD kunnen leiden tot verschillen in buitenshuis loopgedrag van de 

deelnemers. Deze specifieke buurtkenmerken zijn enerzijds intensiteit van 

landgebruik in groene ruimte, recreatieve voorzieningen, scholen en industrie 

(macro kenmerk) en anderzijds de perceptie van veiligheid, rust op de 

voetgangersvoorzieningen en esthetica (alle micro kenmerken).  

Dit onderzoek toont ook aan dat sommige buurtkenmerken van de gebouwde 

omgeving indirect gerelateerd zijn aan buitenshuis loopgedrag door de 

correlaties met andere buurtkenmerken: er zijn significante correlaties tussen 

macro en micro kenmerken. Dus buurtkenmerken van de gebouwde omgeving 

kunnen een synergetisch effect uitoefenen op het stimuleren van buitenshuis 

loopgedrag van oudere volwassenen. 

Deze multidisciplinaire studie is één van de eerste onderzoeken naar 

buitenshuis loopgedrag van oudere volwassenen waarbij gebruik gemaakt 

wordt van én objectieve metingen (GPS) van buitenshuis loopgedrag, én 

‘mixed methods’, én een ruimtelijke analyse van ongelijkheid, én een integrale 

benadering. Het vergroot de kennis over objectief gemeten buitenshuis 

loopgedrag van oudere volwassenen, vormt een uitbreiding van de literatuur 

over de invloed van de gebouwde omgeving op dit gedrag (‘walkability’), en 

draagt bij aan de groeiende bewijslast van de invloed van ruimtelijke 

ongelijkheid in de gebouwde omgeving (wijken met een laag versus hoog IMD) 

op de omvang van fysieke activiteiten van hun inwoners.  Het onderzoek 

presenteert een integraal kader om de invloed van de gebouwde omgeving op 

het buitenshuis loopgedrag te onderzoeken (in samenhang met 
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persoonskenmerken en de mate van socio-economische deprivatie). Dit kader 

is waardevol voor stedelijke planners, maar ook andere professionals en 

beleidsmakers (in het bijzonder in Birmingham), in het voorbereiden van 

maatregelen in de gebouwde omgeving om buitenshuis loopgedrag van 

ouderen te stimuleren, in het bijzonder in wijken met een hoog IMD waar 

ouderen in het algemeen minder actief gedrag vertonen. Zowel de resultaten 

als de gebruikte benaderingen in deze thesis verschaffen nieuwe inzichten in 

het buitenshuis loopgedrag van ouderen en bieden mogelijkheden voor verder 

onderzoek.  
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